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A techniciar/s Tallying Machine 
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JI HE Vaness Tally is a simplified blood classifying and 
adding machine, designed especially for differential cell counts by 
the “Classical” or “Schilling” methods. 

A series of ten keys are conveniently located in front of a visible 
tally. Each tally is an inverted U-column — when a key is pressed, 
two counters are recorded, one in its corresponding column and the 
other in the “total column,” When the “total column” reaches 
100, all keys are automatically locked and the reading of each sepa- 
rate column is its percentage. A reset key on the right side of the 
instrument releases the counter for further tallying. 

The instrument is simple, accurate, and rapid. 

Vaness Tally, $15.00 
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The Fisher Quick-Drying Cabinet rapidly desiccates samples and 
specimens in ]A to 34 the time required in an 
ordinary gravity convection oven 

il 


FOR DRYING— 

Food and Feces. 
Chemical Salts. 
Wet Samples. 



And numerous other 
materials. 


Rnpirf Dryer with many uses 

Utilizes Mechanical Convection 

This rapid dryer utilizes mechanical convection 
of heat and moisture. 

The air is drawn into the right side of the cabi- 
net through an adjustable louver. It passes through 
the fan over two 500-watt nickel-chromium wire 
heaters and then over the two removable shelves 
and out the left side of the cabinet. 

The temperature range of the cabinet is from 
75° C. to 125° C. and can be manually controlled 
by the louver at any point within the range with 
a constancy of 2° C. 

Made of stainless steel — heating chamber 

‘X;”l “ ,rot b ° ,h f » ™ d '>—■ » 

For 110 volts, 50-60 cycle A.C. Wattage 1100 $so 00 



The amount of hot air passed 
through the cabinet is con- 
trolled by the louver . 
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Fisher Shaking Machine for the 
Kahn Test 

as outstanding eon- 7^J . 

275 to 2S5 times ^ 

Six Hack Mode 1 

per minute which 

conforms to the standardized Kahn technique. 

The large machine works equally well with oiie to six racks. 

The smaller model performs with equal efficiency with one to 
three racks. 

Fisher Shaking Machine, 6-rack model (without racks) 110 volts A. C $80.00 

Fisher Shaking Machine, 3-rack model (without racks) 110 volts A. C $70.00 

(Also available for other currents.) 


Six Hack Model 


Silent Racks 


test, tube rack has been 

u | |M| mmmm a | J| devised. 

It completely elimi- 
nates the annoying clicking sound of the tubes. The racks, being 
rubberized, are corrosion resistant and offer a black background 
for precipitate observation. 

Rack for holding 30 tubes, each $2.75 
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Fisher -Van Slyke Manometric 
Apparatus ft 

for the | | j 

Rapid and Accurate Measure- J liL. 

ment of Blood Gases 

FEATURES U,M 

1. The extraction chamber is shaken by > -vj’ Win 

a motor mounted on the side of the H WMi 

illuminating box; this operates V , FJ5& 

through a silent worm drive built /r lyBn 

into the motor. A flywheel gives a A; 4 /dflRl 

smooth, quiet action to the shaking — V/ ; it'. 

a rheostat regulates the shaking : > | Jj . 

2. The rear half of the water jacket !m 'j/i. 

surrounding the extraction chamber !| /C; ■» qjiT 

is frosted, and is electrically illumi- >! l|| i 

natcd from the rear. This light gives J _ 4 1 UjceaT 

a diffused, even illumination to the it-* 4 ! 'fTJ J 

reaction chamber and greatly facili- J L’frj 'll.'’ 

tatcs reading its graduations. // 

3. The graduated manometer is mounted J ( 

before a narrow slit in the panel. %r 

This slit contains an opal glass plate i ~~ ~~-- 

illuminated from the rear by two 40- j " 

watt tubular lamps. The gradua- II 

tions extend from 0 to 650 mm. 

4. The extraction chamber is made of re- 'X. i 

sistance glass, well annealed. The ac- 

curacy of the 0.5 ml. and 2 ml. grad- 
uation marks is within the limits 

specified by Dr. Van Slyke. A Certificate of Accuracy is supplied with 
each chamber. 

5. All the wood parts are solid oak, stained and finished with acid-proof 
varnish, built to withstand long, hard usage. 

The apparatus supplied includes the wooden parts and glass parts illus- 
trated, motor, three illuminating bulbs, rubber tubing, one ( 1 ) each 
Pipettes, 0.1 ml., 0.2 ml., 1 ml., 2 ml., 3 ml., 5 ml., special thermometer, 
and instructions. Operates on 110 volts, A.C. or D.C. 

Each $126.00 
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Microscope slides made from sheet glass produced by the Pittsburgh 
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striae. 

A continuous flat sheet of practically iron-free glass is drawn directly 
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An accelerated corrosion test showed that the Pittsburgh Non-Corrosive 
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A Universal Constant 

Temperature Water Bath 

T HIS water bath is ther- 
mostatically controlled, 
holding temperatures from 
that of room to 110° C. 
with an accuracy of plus or 
minus 0.2° C. 

The bath is supplied with 
a brass rack or shelf sus- 
pended several inches above 
the electrical immersion 
heaters near the bottom of 
the bath. This rack is used 
to hold submerged speci- 
mens, containers, test-tube 
racks, etc., and can be lifted 
out at any time. 

These baths can be used for the Kahn tests, Wassermann reactions, 
inactivation, inspissations, paraffin embedding, and other biological, 
bacteriological and pathological work. If desired, racks are available 
for any size tubes. 

Three Sizes 
Water Chamber 
12" long 12" wide 8 l /i" deep 
6 00 watts $125.00 
Water Chamber 
18" long 12" wide 8 ^ 2 " deep 
1200 watts $1 50.00 

Water Chamber 
36" long 18" wide 12" deep 
1800 watts $200.00 

(Above prices are without ac- 
cessories, such as racks, cover 
and rings ) 

Fisher Scientific Company 

711 Forbes St. • Pittsburgh, Pa. 
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Museum Jars 
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A New Bacteria Counter 

A NEW and better way of 
illuminating the bacteria 
colonies together with the 
new 4-inch magnifier, make 
the Lumi-Lens the outstand- 
ing Counter of the day.* 

Two 110-volt incandescent 
lamps one on each side of the 
base-housing produce oblique 
illumination across the Wolf- 
huegel counter. No light 
The New Bacteria Counter blinds the eyes of the op- 
erator. 

The entire area of the Petri-dish is viewed clearly with both eyes 
using the new two-lens magnifier. 

Lumi-Lens with Wolfhuegel Counter — $25.00 

* Duplicate counting tests of 35 individuals using 17 different combi- 
nations of counting equipment showed the best results with this method- 
of illumination and- observation. (Am. Jr. Public Health , January 
2nd, 1932.) 


FISHER 

Laboratory Apparatus and Reagents for Chemistry , Metallurgy, Biology 

PITTSBURGH, PA. 

IN’ CANADA, FISHER SCIENTIFIC CO., LTD., 898 ST. JAMES ST., MONTREAL 


SCIENTIFIC 

COMPANY 



Mention this Journal when writing to Advertisers 



Tin; .touknaij or i,ahokatohy and cdinicai, medium; 

The Journ al of Laboratory and Clinical Medicine 
CONTENTS FOR JUNE, 1934 


Clinical and Experimental 

Intrnccllnlnr Structures In Monocytes In fuses of Mnllcm.nl llUcnsc. O. C. ^ 

Gruncr, M.D., Montreal, Canada 

The Toxemias of Pregnancy. Allnn M' Infer Ro ver. Vh.tt.. Mary A. McManus. 

A.B., anil Gertrude A. Riley. A.R.. Itoston. Mnss J-.l 

Verrucous Aortitis Will. Special Regard to Aneurysm Formation In ChlMren. 

Benjamin II. Nclrnan. M.D., Chicago. III. ------- 

Corvnel.aeterlum Illpl.tlicrlne Gravis I’oilml In Mnrylnml. Onn It. Mhllley, 

A.R., Jlaltlmore. M<1. 

The Sedimentation Reaction In tl.e Newborn. Samuel I.. Ellenlierg, M.D.. 

New York, X. V. — 1 

Observations on tl.e Vnsetilnr Response to Drnlnnce of Asrltes, W. A. Ilrnms, 

M.D., ami .1. S. Golden, M.l>., Chlenco. III. Bid 

riement Studies. I. On a Brown Skln-AdrennHn Color Reaction, CInrenre 

Qulnnn, M.I)., San Francisco, Calif. 9.11 

riement Studies. II. On the Importance of Hydrolyzed Adrenalin ns n Tissue 

Stain. Clarence (tulnan, M.H.. San Francisco, Cnllf. — — — — - 9.11 

Crystalline Elements In the Stomach I.avnce of Tallents With Cholelithiasis. 

Henry A. Rnfsky, M.H., F.A.C.T., New York, N. Y. 9:,!> 

Effect of Smokinc on Skin Tempernture. Harry <1. .lohnson, M.II., and .Tames 

. 1 . Short, M.D., New York, N. Y. 903 

Vitamin Therapy in Tulmonnry Tuberculosis. Taut I). Crlmm, M.I)., and 

J. IV. Straycr, M.I)., Evansville, Ind. 900 

Chemotherapeutic Studies With Sodium Uielnolente (Sorlrln). John A. Kolmcr, 

M.I)., Tldlndclphln, Fa., Assisted by Miss Anna M. Itnlc and Mr. Bernard 

Madden . 972 

The Specific Gravity of the Blood In Human Cancer. David Polowe, M.D.. 

Paterson, N, J. 983 

Laboratory Methods 

Determination of the Stroke Volume of the llcuri. Alexander G. Keller, Jr., 

Fh.G., B.Sc., Philadelphia, Pa. 901 

The Preparation and Use of Colloidal Carbon Solution*. ,T. M. looney, A.B,, 

M.I)., and F. C. Stratton, IX. S., Worcester, Mnss. _ 995 

A Method for the Separation of the Principal Constituent* of IXIlc. Robert 

Unwin Harwood, Ph.D., Montreal, Canada 1003 

A Modification of the Range Colloidal Gold Test. Fred Boerner, 

and Marguerite Rubens, A. IX., Philadelphia, Pa. _ 1001 

A Dropper for Performance of Fragility Test of Bed Blood Corpuscles. Herbert 

P. MacXeal, M.D., Philadelphia, Pa. — 1009 

Sedimentation Time of Blood. Herbert F, MacXeal, M.D., Philadelphia, Pa. 1010 

Note on the Procedure in the Kuttner-Riehtenstcin Microcolorimetrlc Method for 
the Determination of Organic Phosphorus. David Glick, Ph.D., New 

Fork, X. T. . — 1012 

A Simple Technic for Finding CoccidioSdes Immltis, AY. P. Stowe, M.D., 

San Francisco, Calif. 1013 

The Estimation of Ethyl Alcohol In Brain. R. »T. Abernethv, A.B., E. R. 

Russell, M.S., and C. H. Thienes, M.D., Ph.D., R os Angeles, Calif. * 1014 

The Diazo Reaction for Detection of Certain Focal Anesthetics in Urine and. in 
Tissues. W. B. Gibb, B.S., M.8., and William 3l. fichn, Ph.D., Seattle, JVanh. 1018 
Cage for Mice and Rats. Allan W . Blair, and Emmett B. Carmichael Univer- 
sity, Ala, * I02Q 

Department of Reviews and Abstracts 

Abstracts 

Book Reviews 

_ — 1026 

Editorial 

The laboratory Diagnosis of Cndutant Fever. Robert A. Kilduffe, Atlantic 

..... M29 


Mention this Journal when writing to Advertisers 



ADYEimSEMKN TS 


3 


A Universal Constant-Temperature 
Water Bath 

T HIS water bath is ther- 
^ n __ _ . ^ mostatically controlled, 

holding temperatures from 
that of room to 110° C. 
il I with an accuracy of plus or 

: ^TT- -/ YLL' ' — — « minus 0.2° C. 

■ The bath is supplied with 

a brass rack or shelf sus- 
sMzJ ') pended several inches 

_ above the electrical immer- 

\ . ' ■ ~~ y sion heaters near the bot- 

\y b *' ~ ?!?' tom of the bath. This rack 

" ~ is used to hold submerged 

\Z/^ ^ specimens, containers, test 

tube racks, etc., and can be 
lifted out at any time. 

These baths can be supplied with racks for any size tubes desired and 
are used with this addition for Kahn tests, Wassermann reactions, in- 
activation, inspissations, paraffin embedding, and other biological, 
bacteriological, pathological work. 
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Three Sizes 

12" long 12" wide V/i" deep 
600 watts $125.00 

Water Chamber i b ,'MjT 

18" long 12" wide 8^2" deep v ' J Aj 
1200 watts $150.00 

Water Chamber V\\ 1 1 I ] 

36" long 18" wide 12" deep 

1800 watts $200.00 \S_3 

{Above -prices are without ac~ " 
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pecimen Bottles and 
Carrying Racks 


These Urine Specimen Bottles are spe- (‘SEES? 

dally designed for clinical laboratory and 

hospital routine. j T’| 

Molded glass letters identify the bottle. 

The bottles are graduated to 7 ounces in *4 ,\i lOTfUy 

ounce divisions. — *1 

, _=J 

Six blank label-caps are supplied with each fy 

bottle (“Name-Room-Date”). 6-512 

Easy to clean and sterilize, these bottles are today standardized 
equipment of many large hospital laboratories. 

j WEmK Carrying Rack, No. 6-514, 

— - . — ^ made of galvanized metal, 
jj holds 1 to 12 of the No. 

ill ajs ( i J . cj '~J{! 6-512 bottles. 


tela! 


CAS i~ _ r jl A small container on the end 

of the rack holds the caps for 

6-5U . . . K 

the specimen bottles. 

6-5 1 2 Urine Specimen Bottles Per dozen $ 1.10 

Per gross $10.50 
6-514 Urine Specimen Bottle Racks Each $ 4.25 
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Modern Sterilizers 

Fisher offers rugged sterilizers for 
the modern clinical laboratory, where 
closely controlled sterilization is desired. 

A radial pressure-locking device pre- 
vents opening the sterilizer while under 
pressure. 

Automatic discharge of air and con- 
densation insures uniform temperature 
throughout the entire chamber. 

An 

charges into the waste pipe, not the 
room, and therefore does not saturate 
the atmosphere. 

The exteriors are highly polished 
nickel j the interiors are heavily tinned ; 
the stands, white enamel. The heavy copper inner chambers are pro- 
vided with removable shelves. 

Complete with safety valve, pressure gauge and thermometer. 

Size No. 

Diameter of chamber, inches _ 

Length of chamber, inches 

Diameter of door, inches 

14-488 A, for 1 10 volts, A.C. or D.C. 

14-488 B, for 220 volts, A.C. or D.C. 

T hese Fisher Steam Sterilizers are obtainable with gas heating units 
and also for direct connections with 20 found steam lines. 
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Reduced Prices - - Pyrex Petri Dishes 



Lover prices and the new feature of reinforced rims, strength- 
ened by special fire-polishing make Pyrex Petri Dishes the 
economical purchase for the Clinical Laboratory. 

PYREX FEATURES 

1 — Observation Improved — Clear: Exceptionally true, highly polished 
flat surfaces. 
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A S PRACTITIONERS of medicine we are in this day perhaps too prone to 
l forget the value to medicine of the work of those who have preceded us, 
perhaps too much persuaded that modern medicine and modem science are 
only of value. We forget too easily that medicine like most other things is a 
matter of evolution and that most of our knowledge has in fact been based on 
a foundation of the experience and study of ages. I wonder sometimes 
whether we appreciate fully how absolutely dependent we are in medicine on 
what has gone before. How many of us are competent to practice medicine 
even today on the frontier away from the manufacturing pharmacist, away 
from our colleagues, from our journals, and from the basic facts in particular 
which have evolved from the studies of centuries past. 

My observation has been that the modem scientifically trained student is 
in large degree more and more dependent on the facts and experiences which 
others have gleaned. Many, if not most of our research workers must base 
their investigations on a foundation of evolved knowledge which we take 
altogether too casually and with too little respect for its origin. 

How many of ns are competent to even set a fracture or to treat a serious 
wound away from the detailed assistance of the hospital and the carefully 
worked out preparations which we owe to others. Briefly how many of us 
wifchall our present knowledge might successfully practice the art of physic 
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in the stone age, entirely without the assistance which others render to us? 
If one hut thinks of this, better if one tries to meet the emergencies of prac- 
tice away from drug stores, away from hospitals, without the microscope, and 
without the x-ray, how would we get on ? 

Hence it seems to me that it is well for us to study medical evolution, to 
interest ourselves in the pregnant subject of medical history, to leam of, as 
we shall certainly come to respect our predecessors in the practice of medicine 
and surgery. To do this one must acquire more than a passing knowledge 
of archeology and ethnology; one must delve sincerely into the customs and 
requirements of ancient peoples. . Such a study is certain to broaden our 
knowledge and certain also to create in us a great respect for those men and 
peoples who with little inherited knowledge and no literature have none the • 
less laid the foundations of medical art and science. 

How many of us appreciate what we owe to those who gave us mercury, 
iodides, the salycylates, digitalis, the saline laxatives, cascara and aloes, qui- 
nine, cocain, alcohol, and the sedatives of the opium group? These and many 
other drugs on which we daily depend were discovered and properly used 
by the red man. Thousands of years before Witherington was bom, the 
Indian of the southwest used infusions of Foxglove in heart disease, and if 
histoiy is to be relied upon, he used it properly. 

Another point which we must always bear in mind in these studies is 
that modern medicine as we term it could not as it now stands have been 
adapted to the needs of ancient man, chiefly because modern medicine is now 
dependent absolutely on the assistance of the chemist, the physicist, the bac- 
teriologist, the pharmacist, and the manufacturer. The medicine of the stone 
age was necessarily also of the stone age-, the electric knife was not available 
but the keen edged flake of obsidian was, and for that surgeon who is high- 
minded of his present-day skill, permit me to recommend that he try in his 
work only such tools as the stone age supplied, and then compare his results 
and skill with those of the surgeon of that day. If we will properly appre- 
ciate the medicine of primitive man, we must know his needs and the facilities 
furnished him ; they were indeed very different from those of this day. 

Perhaps as a class we less appreciate the history and the archeology of 
our native Americans than those of any other people. All of us know of 
ancient Egypt, of Rome, of Greece; we are, as properly educated men, toler- 
ably familiar with those ancient peoples, and we know a good deal of their 
medicine and of the basic knowledge which they evolved on which modem 
medicine depends absolutely and hourly. How many of us realize the fact 
that here in America we had a civilization which exceeded and preceded in 
art, mathematics, astronomy, architecture, agriculture, politics, and which 
certainly equalled even in theology that of any of the ancient peoples of 
Europe. 

In Bolivia still stands, in spite of Spanish cupidity and religious intoler- 
ance, the devastated fragments of a city, greater in its architecture and in its 
sculpture than anything that Greece or Italy ever produced, and it preceded 
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tlic culture of these countries by at least several thousand years. How many 
of us realize that when the Spaniard came to America lie found a civilization 
in certain areas which exceeded his own of that very time except in the two 
particulars of military organization and in navigation. For those of you who 
are skeptics, may I recommend that you read Mason’s “Columbus Came 
Late,” or still better for the more serious minded and studious of you, read 
V crrill’s “Old Civilizations of the New World.” For those of you who still 
doubt, instead of going on your next vacation to Greece or Egypt, go to 
Tia-liuanaco in Bolivia, to Cusco, to Yucatan, Guatamala, or Honduras. Study 
in the museums of Lima or in the easily accessible and marvelous collections 
of the City of Mexico, or if still in doubt precede your own explorations by a 
visit to the Museum of the American Indian, Heye Foundation here in your 
own city. Many beautiful and marvelous things of ancient American origin 
are also to be seen any day in the American Museum of Natural History, any 
one of which must convince you that here in our own America we possessed 
a civilization and an art more marvelous than anything of its kind in Africa 
or Europe. 

With this introduction permit me then to talk with you for a few moments 
concerning the medicine of the American Indian. At the outset it is impor- 
tant for you to understand that under the heading of the American Indian, 
a tremendous field is included. To conceive of the American Indian as a 
single race or people is as absurd as to speak of the Europeans as a single class 
group. The American Indian varies as widely in his tribal civilization stand- 
ards and types as does the Italian from the Icelander. What I have to say 
to yon this evening is chiefly of certain of the tribes with which I have been 
most familiar, of the Ojibways, the Sioux, the Blackfeet, the Apache, the 
Navaho, and something of the Pueblo people. I thus limit myself because I 
know so very much less of the medicine of the South American Indian includ- 
ing the tribes of Mexico, Honduras, Guatamala, Chili, Peru, Bolivia, of the 
Myas, the Guiamacs, even of the Astecs and Preastecs ; and yet we know that 
these tribes exceeded in civilization, art, agriculture, architecture, sculpture, 
and astronomy the tribes of which I am to speak mostly tonight as much as 
the modem Englishman or German exceeds the Laplander or Esquimo of to- 
day. Of these tribes have sprung such heroes, statesmen as Teeumseli, as 
Bolevar, Pofiero Diaz, Cailles, Kubio, and others who are truly world figures 
and not merely citizens of one land or one people. Occasionally, as in com- 
parison, I shall refer to the medicine of the southern Indian, drawing for my 
knowledge on the little that I have seen and from what I have read. 

Also in passing I should like to say that inevitably the white man has 
lowered and befouled the Indian of whatever tribe by his religion and by his 
military methods. In these characteristics only, it seems to me, have we out- 
done the Indian; these have been the two channels through which we have 
“civilized” the red man. 

Before it is possible to go on, may I tell you something of what the red 
man, whose medicine I am to speak to you of this evening, was. Perhaps I 
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can do no better than to quote at the outset what Colden says of the Iroquois, 
our predecessors in New York* 

On the death of Lieut. Governor cle Lancy in 1760, Colden came to New 
York as Governor ; he was appointed Lieut. Governor in 1761. He produced 
a great mass of geographical, metaphysical, medical, and theological learning 
and literature. He was the son of a Scotch clergyman and was designed for 
the clergy, but he took up finally the study of medicine. He practiced after 
his graduation in England, for some time in Pennsylvania, and latex-, because 
of his distinction, he became surveyor general of the colony in New York. 
He was made a master in Chancery and received a large grant of land near 
the town of Montgomery in Orange County. He was regarded in England as 
the best informed man in the New World on the affairs of the British colonies 
in America. He was an early observer of the influence of climate on health. 
He was just and fair to the Indians, was much honored by them and was 
adopted by the Mohawks of Canajoharie. The books cited were apparently 
written to inform Great Britain on the Indian question and to stress the 
strength and importance of the Iroquois Federation with which he was 
keenly informed and sympathetic. He died at Spring Hill, near Flushing, on 
the twenty-first of September, 1776. His many manuscripts are safe in the 
archives of the New York Historical Society but little is commonly known 
of him now though he was for his times one of the most learned in electricity, 
in natural philosophy, and in history. He was the valued associate of Frank- 
lin, a correspondent of Linnaeus, Grovinus and with other eminent authorities 
in the natural sciences. He was always keenly alive to the scientific medicine 
of the day though his important executive obligations required his giving up 
medical practice. 

He says: “The Five Nations are a poor and generally called barbarous 
people, bred under the darkest ignorance ; and yet a bright and noble genius 
shines through these black clouds.” “None of the greatest Roman Heroes 
have discovered a greater love to their country or a greater Contempt of 
Death than these People called Bai-barians have done, when Liberty came in 
Competition. Indeed I think that our Indians have outdone the Romans in 
this Particular; some of the greatest of those have we know murdered them- 
selves to avoid Shame or Torments; but our Indians have refused to die 
meanly, or with but little pain when they thought tlieir country’s Honor 
would be at stake by it; but have given their bodies willingly to the most 
cruel of torments of tlieir Enemies, to sliowe as they said, that the Five Na- 
tions consisted of Men, whoose Courage and Resolution could not be shaken.” 

“Instead of virtues we have only taught them Vices, that they were en- 
tirely free from before that time.” “If care were taken to implant and cul- 
tivate in them that general benevolence to Mankind, which is the first true 
principle of Virtue — They would no longer deserve the Name of Barbarians, 
but would become a people, whoose Friendship might add Honor to the 
British Nation.’' “Tlieir great Men, both Sachems and Captains, are gener- 
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ally poorer than the common People; for they effect to give away and dis- 
tribute all Presents or Plunder they get in their Trctics or in War, so as to 
leave nothing to themselves.’ ' 


The onlv writings which I have been able to secure of Governor Golden 
are concerning the history of the Indian wars and of their treaties. 1 have 
obtained nothing dealing with Indian Medicine. It is to be much regretted 
that a person of his medical training and scientific thought should not have 
written of the medical customs of these our predecessors in the medical prac- 


tice of New York. It is very evident that lie thoroughly respected and even 
admired these men. As to their political sagacity, trustworthiness and valor, 
he leaves little unsaid and where he recounts their cruelty and brutality, he 


is wont to compare it without honor to the white man with his religious perse- 
cutions and his retaliatory wars. 

Clark "Wissler of the American Museum of Natural History, one of our 
greatest living authorities on archeology and ethnology says (The American 
Indian) : that the Indian stands out in his culture in sharp contrast to that of 
the old world, and that while we have replaced him in this land, we have ab- 
sorbed a great deal of his culture, and that we have wrought great havoc by 
his withdrawal from painting, sculpture, and the decorative arts. This loss, 
though considerable would be small comparable to that if we were to lose from 
our economic life maise, cocoa, quinine, tobacco, potatoes, beans, squash, mel- 
ons, and tomatoes, and what has evolved from our adaptation of their agri- 
cultural methods in the world. Irrigation, at least in this country is founded 
on Indian methods and procedures and their agricultural methods from the 
use of irrigation are still of immeasurable value to us today. I have seen 
beautiful irrigation systems installed by the prehistoric Indian, still in use 
today in Arizona, monumental systems which existed long before the advent 
of the white man. ‘Wissler further says: “Imagine what would be lost to us 
if we could strike from our history, geography and literature all that pertains 
to the Indian!” The white man in many localities added but little beside 
iron and a more schooled and ruthless method of warfare. 


Even our language, here in the new world lias been in very large part 
taken from that of our red predecessors: we “hit the trail,” we “pass over 
the divide,” the camp fire, and the lodge eirele have become endeared terms 
of our idiom, and a large number of us, in spite of our religious teachings 
still yearn to reach the “Happy hunting grounds.” Our geographic names 
are in greater part adapted from those of the red man, our great railway sys- 
tems, even our modem automobile highways for the greater part still follow 
the moccasin beaten pathways of the Indian, and most of our mannerisms 
and idioms which are typically American, evidence the survival in our 
culture, that of the red man. Colloquialisms and dramatic figures of Ameri- 
can slang, poetry, and literature still portray the persistence and dramatic 
quality of the Indian orators, heroes, and statesmen. 

In government, and particularly in the more idealistic forms expressed 
in altruistic communism, the world has never equalled the systems o'f the 
Pueblo peoples or that probably in vogue among the Mayas, Astecs, and 
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Toltecs. The League of the Five Nations in our own state of New York still 
represents a high water mark of organization and mutual consideration in 
governmental affairs. It was truly a league of nations, with ability, altruism, 
truth, and honesty in act as in theory. 

I have already mentioned the deep impress which the Indian has made on 
our language. Notwithstanding the fact that the Indian peoples in the Ameri- 
cas have differed tremendously in traits, characteristics, in culture and in 
customs, as widely certainly as now exists between any of the civilized peo- 
ples of the whole world, still they possessed and still do, a mutual method of 
communication in the sign language which was almost universally under- 
stood and employed. It has interested me tremendously to note the strong 
similarity between this sign language of the Indians and that which our deaf 
and dumb now use. An Indian skilled in sign language, I am convinced 
would have little difficulty in understanding much or most of the sign lan- 
guage employed by the deaf and dumb, and the art of pantomime has never 
been more fully and beautifully demonstrated than by the orators of our 
primitive people. 

In art, we have rarely as yet equalled that of the Indian, particularly in 
textiles exemplified by the beautiful and useful weaving of the South Ameri- 
can tribes and the exquisite, when uncontaminated by white design, work of 
our Navahoes and Pueblos. We can never hope to equal the Indian in 
basketry, especially the work of the Pimas, Apache, and Supai, and the work 
of the ancient basket maker was never equalled, by even these artisans. In 
ceramics we can justly compare Indian antique work with that of the Chi- 
nese, for they have far excelled the Greeks in this work as well as in sculpture. 

It is entirely inconceivable that such a people should not have had and 
practiced a system of medicine and surgery, comparable with their culture in 
other fields. The more we come to study their methods, the more do we become 
impressed with their skill and learning in these directions, especially in the 
field of traumatic surgery with which, naturally from the requirements of 
their habits of life, warfare and culture, they came most frequently in need. 

Though I have been a student of Indian medicine since my early boy- 
hood I know but little of the subject, but that little has created in me a 
feeling of great respect and admiration. Pioneer medicine in this country 
has been almost entirely derived from Indian methods, and I think that before 
I am done this evening I shall cause most of you to feel but honor and re- 
spect for the medicine of the American Indian. There are few methods of 
modem medicine which were not represented in kind, if not in precise technic 
by Indian methods, and we owe entirety to our Indian predecessors in the 
profession many of our most potent methods and drugs. Cesarean section, 
symphisiotomy, and the Crede method of placental expulsion, Yerrill states 
(private communication) were practiced among certain of the more highly 
cultured tribes as those of certain districts in South and Southern America, 
long before Caesar was born. The same authority, corroborated by Hrdlicka 
and many other students of the subject, calls attention to the frequency and 
success of trephining of the skull and the use of artificial limbs ages before 
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tlie white man or even the Egyptians had advanced beyond the most primitive 
methods of medical or surgical procedure. 

It is a curious and very unfortunate fact that the voluminous literature 
concerning Indian medicine and surgery has so very little to saj concerning 
the practices of our most advanced and intelligent tribes, notably those of 
South America, of Central America and Mexico, where we know the highest 
types of civilization flourished, then present in the entire world. There are 
several reasons for this unfortunate state. Among these are the fact that 
most of the studies of these most advanced tribes have been made by ethnolo- 
gists and archeologists who have had but little medical interest or schooling. 
Until we have discovered a Rosetta Stone which will unlock the secrets of the 
abundant records and codices of these peoples which we possess, we can ex- 
pect to know only that of the medical and surgical practices of these people 
which has been handed down to the present descendants of these people. Yet 
we know that these tribes employed anesthetics for surgical procedures, 
notably coeain, peyote and other drugs while the white man was a barbarian 
who put his wounded in war to death by “mercifully slitting the wezand.” 

Concerning the medical methods of our northern tribes we have much 
more exact knowledge from the methods of pioneer medicine which have been 
handed down to us and very largely also because many of the earlj* mission- 
aries, who were themselves more or less medically trained have recorded their 
observations as in the records of the Jesuit fathers. Also in very large paid 
because the medical officers of our little army have from the very first been 
interested in the subject and have recorded their studies and observations in 
official reports. Furthermore we must accord great credit to our ethnologists 
and archeologists in North America who have seriously interested themselves 
constantly in these important matters. Men such as Hrdlicka, Wissler, Mer- 
rill, Lieutenant Bourlce, Colonel Dodge and even Lewis and Clark in their 
journals have given a hearing to this important field of archeology which has 
made it possible for us of the profession to derive, concerning our more north- 
ern tribes an understanding of the matter which has been and still is of great 
value and considerable accuracy. May I also give some credit to the numer- 
ous amateur archeologists of our profession who have given time and study 
to the subject. 

Considerable information must be also attributed to the most bitter ene- 
mies of Indian Medicine from the days of Cortez to the present time the 
theologians who have with few exceptions mentioned but to condemn, such 
writers as tlie malodorous Cotton Mather for example. The father of this 
person, the Reverend Mr. Increase Mather also wrote extensively in like vein. 
Mathers Magnalia, Book III, as Halkett quaintly says, solves the Gordian knot 
of the matter of the origin of the American Indian most satisfactorily per- 
haps from the standpoint of a theologian. This reverend authority says: 
“The natives of the country had been forlorn and wretched heathen ever since 
their first herding here; and though we know not when or how the Indians 
first became inhabitants of this mighty continent, yet we may guess that 
probably the devil decoyed those miserable salvages hither, in hopes that the 
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gospel would never come here to destroy or disturb his absolute empire over 
them.” The amiable Increase cites as illustrative of this archeologic gem, 
the statement of an Indian about to be executed for a murder committed 
while he was drunk, who stated that the “missionaries minded their bottle 
more than their Bible. ’ ’ 

John Halkett, Esq., author of “Historical Notes, Respecting the Indians of 
North America, with remarks on the attempts made to convert and civilize them ” 
(London, 1825), stresses the point that a natural approach to the affections of 
the Indians would be through the introduction of medical men instead of 
clergymen. This author points out the greater success of the Jesuits with the 
Indians because most of this sect were more or less medically trained, and they 
found the Indians very receptive to such teaching and quick to adopt better 
methods of medical treatment. The powerful influence wielded by men of the 
high character and attainments of La Salle and Hennepin, men whose lives 
and examples tallied with their preaeliing was thus fully explained, and very 
much of our most accurate and truthful statements in regard to the social 
and medical life of the Indians of North America will be found in the pages 
of the Jesuit Relations. 

Franklin’s essay on “The North American Savages” also gives us a very 
honest and faithful account of them. He says: “Savages we call them be- 
cause their manners differ from ours, which we think the perfection of civil- 
ity; they think the same of theirs.” Unfortunately with the advent of the 
white man, smallpox, gonorrhea, scarlet fever, measles, tuberculosis, and other 
epidemic infections appeared for the first time among the Indians, who quite 
correctly attributed these scourges to the advent of the white missionaries 
and traders. Hence, it is that the universal antagonism of missionaries to the 
medicine men naturally developed, especially since the medicine men in all 
tribes have exerted a powerful influence over their people not only in matters of 
disease and medical practice, but also in general social and political life, in 
their theology; and in most tribes the medical men have been also leaders in 
war; in many instances either associate or chiefs during all times of hostili- 
ties. Many of our most famous Indians were of this class, Teeumseli, Sitting 
Bull, Chief Joseph, Geronomo, and many others. 

In most tribes, especially with those of higher types of civilization, the 
medicine men were selected from the more outstanding, pious, and studious 
men of the tribe, sometimes, however, because they had passed through some 
remarkable experience or training. In other tribes, as among us, any person 
might assert his abilities and if he was able to develop a following he was 
allowed to do so, but in most instances the. aspirant for medicine man was 
required to pass through a long and severe course of study or training under 
the auspices of some older and credited preceptor. In certain tribes the office 
was hereditary and young boys were put under strict training almost from 
their birth. In a good many instances likely boys were selected by the medi- 
cal clan and trained by the older and more experienced men for their im- 
portant office. 

In most instances theology has been combined with the practice of medi- 
cine and the medicine men have attended or supervised the religious and sac- 
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ramcnlal ceremonies as well as being charged with the care of the sick and 
injured. In some of the more highly evolved tribes the priestly aiul medical 
functions were, however, entirely disassociated. In almost all instances spe- 
cialties were practiced; men especially skilled in the treatment of the sielc 
were differentiated from those who attended to surgical disease, for example. 
In most tribes obstetric practice was usually limited to women, and many of 
the better tribes recognized both men and women as medical practitioners, in 
which case consultations and combined practice was usually in vogue. Women, 
however, rarely took part in war councils or in actual warfare while the 
medicine men almost without exception did, and as a general rule they were 
expected to act with particular valiancy and courage, because of their stand- 
ing in the political, intellectual and governmental phases of tribal life. 

My chief experiences with Indian practitioners as it happens, has been 
with the Ojibway people. For five consecutive years it was my happy privi- 
lege to spend a time each fall with the son of one of the most distinguished 
medicine women of this fine tribe, and through this relationship I was able 
to come into rather more intimate contact with the people than would other- 
wise have been the ease. This tribe had, and to some extent still has, a most 
complete organization of its medicine men and women, for in this advanced 
people, women, properly trained and accredited were also admitted to the 
medicine elan, the Midi or Midiwin. Happily also the medical clan of this 
tribe has been most carefully studied by competent ethnologists and probably 
the medical organization of this tribe has been more completely studied and 
detailed than that of any other tribe in existence. (Read book of Diamond 
Jeness.) Two women of this tribe and clan, Mary Bear and Mrs. Steve 
L’Afrieaine, wife of a local Hudsons Bay Company chief factor, became quite 
friendly with me, and through them I met other members of the Mediwin 
Society. The deep respect in which I came to hold these people has inevitably 
tinctured my attitude toward the Indian medicine man, a feeling but intensi- 
fied by my less extensive experience with other tribes. 

I shall attempt to give a garbled and very much abbreviated account of 
the organization of this society, largely gathered from reports and studies 
published by the American Bureau of Ethnology concerning the organization 
of the Midiwin. 

The tenets of this society still permeate the Ojibway tribes and much of 
their medical practices are still derived from the society which is inextricably 
intertwined with the religion of this tribe. 

Concerning these practices La Hontan (New Voyages to North America 
London, 1703) says: “When they are sick they drink only broth, and eat 
sparingly and if they have the good luck to fall asleep, they think themselves 
cured. They assert that sleeping and sweating will cure the most stubborn 
diseases in the world. When they are ill they are visited by a sort of quacks 
Jongleurs.” Hennepin, in A Continuation 0 / the New Discovery, speaks of these 
medicine men in a very resentful and critical manner. Marquette on the eon 
trary, after referring to the Indian Herbs list and in mention of the calumet 
dance says.- “They have Physicians among them, toward whom they are very 



10 


THE journal of laboratory and clinical medicine 


liberal when they are sick, thinking that the Operation of the Remedies they 
take is proportionate to the presents they make unto those who have pre- 
scribed them.” 

The symbol of the Fourth Degree of the Midiwin is the cross, and when 
Father Marquette found this he considered it as a compliment either to him 
or to his religion whereas is was but the symbol of one of the degrees of the 
Midiwin. In addition to the Midiwin these same Algonquin tribes have two 
other classes of priests or dealers in mystery, the Jessakkid and the Wabeno. 
These may or may not be members of the medical society, but their functions 
are quite distinct from those of the real practitioners who were members of 
the Midiwin almost without exception, except for certain general practition- 
ers, as we would say of domestic or household medicine. 

The Jessakkid is rated as a seer and prophet; the Wabeno is prompted by 
dreams and visions; he is a magician, indulges in exorcisms, etc. He may 
perhaps be rated in comparison to the regular practitioner of the Midiwin as 
the psychoanalyst is to us. The Jessakkid brings on evils and spells. 

The existence of the society of the Midi is first cited by the Jesuit Relations 
about 1642. Probably the most understanding account of it, though confess- 
edly very incomplete was published by an educated 0 jibway, a member of the 
legislature of Minnesota, who also wrote the History of the 0 jib way Nation. 
Warren states that even with his membership in the tribe, his perfect com- 
mand of the language and his well recognized friendliness to his people, he 
was unable to secure absolutely authentic information as to the society, 
though Schoolcraft claimed to have been admitted as a member; if so he was 
probably the only white man who ever gained admission to the lodge; and 
Schoolcraft is quite generally thought to have been, to put it mildly, more 
picturesque than accurate in his statements. 

Warren stated that the traditions and ceremonies of the society were not 
only transmitted by word of mouth but also by hieroglyphics and charts of 
ceremonies and procedures. These have of course now been largely lost or 
contaminated by admixture with the teachings of the missionaries of various 
sorts, by inattention and the lack of respect paid to the old men and their 
teachings by the younger generations. 

The Rev. Peter Jones who was an educated 0 jibway, serving as an Episco- 
pal missionary, in his book ( History of the 0 jibway Indians, London, 1843) 
states that “each tribe has its medicine men and women, an order of priesthood 
consulted and employed in all times of sickness. These powwows are persons 
who are believed to have performed extraordinary cures, either by the appli- 
cations of roots or by incantations. When an Indian wishes to be initiated 
into the order of the powwow, in the first place he pays a large fee to the 
faculty. He is then taken into the woods, where he is taught the names and 
virtues of the various useful plants ; next he is instructed how to chant the 
medicine song and how to pray, which prayer is a vain repetition offered up 
to the Master of Life or to some munedoo whom the afflicted imagine they 
have offended.” 

Entrance to the society is obtained by a candidate applying to a member 
with whom he discusses the matter. If the application is favorably considered 
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it is then discussed with several members of the order, and in case of a favor- 
able decision an instructor or preceptor is designated to whom he must present 
himself and make an agreement as to the condit ions of his instruction, his fees, 
etc. The whole time of the student is at first not taken up and lie lias oppor- 
tunity for hunting, fishing, and the maintenance of himself and his family. 
He may spend thus several years of study and preparation. 

The society is graded into four degrees or periods of instruction. 

The garbing of the practitioner differed according to the number of de- 
grees which he had received in the society. Thus in the painting of the face, 
while acting officially : 

First. Degree: A broad stripe of green across the forehead and a narrow 
band of vermilion across the face, just below the eyes. 

Second Degree : A narrow stripe of vermilion across the temples, the eye- 
lids and the root of flic nose, a short distance above which is a similar stripe 
of green, then another of vermilion, and above this again one of green. 

Third Degree: Red and white spots are daubed all over the face, the spots 
of the size of the finger tips in applying the colors. 

Fourth Degree : Two forms of decoration were permissible ; the face was 
painted vermilion, with a stripe of gi-een extending diagonally across it from 
the upper part of the left temporal region to the lower pai*t of the right cheek ; 
for the second, the face was painted red with two short, horizontal parallel 
bars of green across the forehead. Either of these was also employed as a 
sign of mourning by one whose son had been intended for the priesthood of the 
Midiwin. 

The initiation of a qualified candidate into any of these orders was at- 
tended with very elaborate ceremonials and dignities, the recital of the his- 
tory of the degree and elan. The ceremonies were usually if not always pre- 
ceded by the ceremonial smoking of the pipe, and the Gods and progenitors 
of the degree were supposed to be invited and present usually in the form of 
some animal or totem believed to represent each deity or spirit. Initiation was 
usually celebrated during the latter part of the summer. Some at least of the 
ceremonies were performed in public so that the people might be duly impressed 
with their sacred, dignified and important nature. The main ceremonies were 
celebrated in a “Grand Medicine Lodge” built in an open grove or clearing, 
but the ritual was unintelligible to all save the initiated. The candidate was 
required to accurately memorize the ceremonial ritual and to transmit it in time 
to others, but charts were written, usually in picture writing on birch bark 
or skins, many of which have been preserved and studied by many students 
of the subject. These charts appear to me most difficult to make out or trans- 
late even with the key at hand, and of course many different interpretations 
have resulted. 

Tobacco and other presents were furnished by the candidate, but chari- 
table or devout members of the tribe, not participating directly were per- 
mitted to furnish gifts or contributions to the banquet and celebrations. The 
officiating priests were well remunerated, A specific preceptor or “docent” 
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was delegated to each candidate. The drums used in the ceremony were par- 
ticularly constructed and consecrated. Naturally the occasions when so much 
highly charged “Good Medicine” was about was supposed to be particularly 
beneficial for the sick of the community who were expected to add of their 
wealth to the sacredness and dignity of the affair. Special rattles were used 
and the Migis, a small white shell of particularly mystical and sacred nature 
was extensively employed, particularly in the “Shooting of the Migis” in 
which the celebrant shot the spirit with the shell into the body and soul of the 
candidate, and the body of the sick attending the clinic. A certain amount 
of originality was evidently permitted the celebrants and the practitioner was 
allowed personal deviations as expressing his own peculiar power. The Migis 
shell was the sacred emblem of the society in general. 

Midi Therapeutics . — During the considerable period of time in which the 
candidate was being instructed in the traditions, myths, songs, and ceremo- 
nies, the Midi plants were also discussed and the methods of identification, 
preparation, and administration of the therapeutic agents were elaborated. 
Specific agents and plants for definite complaints were discussed. The recog- 
nition of the complaints was necessarily mostly founded on symptoms, not on 
etiologic factors for little was known of this ; for most, if not all diseases were 
believed to be of mysterious, divine, or devilish origin. In this regard it is 
highly probable that much of real value was further derived from the Catho- 
lic Fathers who for the time were fairly well versed in the medicine of the 
day; therapeutic effect was almost always attributed to the eviction of a bad 
spirit of some sort, and the efficiency of any method was supposed to be based 
on the superior knowledge or more powerful medicine of the celebrant. This 
did not, however, pertain to traumatic surgery in which the relation between 
cause and effect was fully recognized and acted upon; hence the surgery prac- 
ticed was as a rule very intelligently based, and the treatments of dislocations, 
fractures, contusions and wounds was almost, always very effectively canned 
out. They were skilled in massage, and in the application of active and pas- 
sive movements. 

Purification of the candidate was effected primarily by the sweat bath or 
ceremony, sometimes by the administration of cathartics and emetics. Dur- 
ing these ceremonies the candidate was supposed to fix his mind on high and 
good things; he was fumigated by smoke, remained under certain taboos, as 
abstention from women and the like. Menstruating women were particularly 
supposed to injure the effectiveness and sanctity of any of these ceremonies. 

In the conclusive stages mystical feats of legerdemain, sleight-of-hand, 
and the like to index the mystery and control which the medicine of the priests 
and candidates possessed. Many clever tricks were performed and just as 
among modern magicians the audience was not instructed as to the manner 
in which these seeming miracles were accomplished. Gertain intimate cere- 
monials and instructions were canned out in private, in closed lodges and 
the like. 

After the initiation proper had been accomplished the newly elected can- 
didate proceeded to show his power and magic in shooting the Migis, produc- 
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ing syncope in his confreres, etc. The hear is a sort of 1 titulary spirit, the 
“Manido” of the society and enters largely into the mystical ceremonies. 

Initiated practitioners might individually purchase from other members 
special songs, ceremonies, or methods which were supposed to he of particular 
merit; this was done outside the regular initiation ceremonies, but in the 
acquiring of a further degree he must gather together sufficient wealth and 
presents with which to endow the members of that degree. Thus certain prac- 
titioners may lead others to feel that he has a special medicine or mAStcij 
which enables the hunter to be particularly successful, to enable the lovelorn 
to bewitch his beloved and the like. I11 short, voodoo magic is quite well exem- 
plified in many of the particular methods. Some of this “medicine” was 
doubtless of real value. Shrewd men of close observation of the habits of cer- 
tain animals were able to impart for instance to the ambitious hunter infor- 
mation as to the taking of game, and the like which was the result of real 
keen study; most of it was probably just as valuable as the love spells and 
magic formulas which our young people still pay well for. A medicine man 
for example may from conversation with many hunters, from men of other 
tribes acquire a wide and valuable information ns to hunting grounds, migra- 
tion of animals, the methods of setting traps, and the like. 

Many women took the degree of the Midiwin, but for the greater part 
their practice was restricted to women and children, but by no means always, 
if the modern practice which I have seen among the Ojibway is illustrative. 

It is perhaps unnecessary to go into the details of initiation, into the vari- 
ous four degrees; it was largely a matter of the price and of the adeptness 
and personal character of the candidate. Initiation into the second degree 
cost twice as much as that to the first ; the third degree three times ; and the 
fourth and last degree four times as much. The “Grand Medicine Lodge” 
differed materially in each of the four degrees, just as it does in the conferring 
of the various degrees of our fraternal orders. Each degree had a chief priest, 
usually the senior, and on his death he was replaced by the election of a suc- 
cessor. 

The amount of influence wielded by the Midi was general and immense, 
and particularly that of those who had taken the four degrees. They were 
believed to stand nearest to the great spirit and all the gods. A Midi Wabeno 
was also much dreaded because of his supposed supernatural powers. 

The greatest just criticism which has been leveled against the Indian 
Medicine man lias been because in most instances, except in traumatic surgery 
which naturally played a very large part in Indian practice, of the mingled 
religious ceremonies with his practice ; yet I have heard prayers for the sick 
offered up in nearly all churches and the various modern sects of our Chris- 
tian faiths. Having witnessed both, I fail to find in the service of our modern 
faiths anything more dignified, beautiful, and worshipful than some of the 
chants or “dances” of the red man, conducted for the benefit of the sick or 
for the purpose of imploring the assistance of their divine being in the wel- 
fare of their people. It must indeed be a very supercilious person who can 
fail to realize the sincerity and true devotional aspect manifested even todav 
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in many of these ceremonies. The red man has never descended to the ab- 
surdities of Christian “Science,” nor has he ever accepted anything more 
unscientific than the teachings of the osteopaths, chiropractors and the like, 
practices which are accepted by many of our wealthy, educated, and leading 
people. I do not believe that an}' flirtatious Indian girl was ever able to get 
away with such a story as that of Leda, of the cultured Greeks. 

I feel then that we can well afford to ignore whatever of cliarlatinism, in- 
sincerity and faking which took place in association with Indian medical prac- 
tice, since we ourselves are daily guilty of the same practices, in the universal 
seeking for the assistance of the mysterious, occult or religious, especially 
when we or Dili's are gravely ill. Time does not permit me to enter into this 
phase of medical practice or Shamanism, except to point out that our people 
of today practice exactly the same methods, though perhaps in a different form- 

Suggestive therapeutics played a very important x'ole in the practice of 
red medicine, just as most of us employ the same methods daily in our offices 
and hospitals. Many Indians were adept in the practice of hypnotism, and 
they employed this strange power exactly as we do today in our best psychi- 
atric clinics. Certainly their understanding of this power was no less than 
that of the highly intelligent, scientifically trained Dr. Mesmer who was one 
of the greatest scientists of his time. 

Time does not permit us to go into the matter of these ceremonies to any 
considerable extent, but we cannot leave this phase of our subject without 
reference to the Medicine Lodge and the important role which it plays both 
as a devotional observation and as a method of medical practice in practically 
all tribes. 

The Medicine Lodge was a term commonly applied to a structure erected 
strictly according to many solemn ceremonials, designed to propitiate an 
angered or careless God or to express the spirit of humiliation, thanksgiving, 
or supplication, either on the part of a person or a people. 

It was constructed on occasions of momentous national affairs when the 
whole tribe or tribes were gathered together for the purpose of council, be- 
cause of some great public or personal calamity, epidemic sickness, or because 
of some personal complaint of so grave a nature that it was not felt that 
ordinary or usual priestly or medical ministration was sufficiently weighty. 
Even when the lodge had been built and the people and its priests gathered for 
the purpose of discussing some tribal or national matter, as the advisability 
of going to war for example, it was felt that the moment and the place was 
propitious for the treatment of any private physical ill. 

Persons of great piety, wealth, or who, because of some personal bless- 
ing, illness, or misfortune or vow, wished to undergo the necessary expense 
attendant upon the building of a medicine lodge might undertake it, of course 
under the guidance and instruction of the chief medicine man. 

Having been constructed according to the ritual, certain ceremonies, de- 
pending oh the purpose of the lodge, were then performed by the medicine 
men after which the real object of the ceremony was reached, whether it was 
a council of war or for the treatment of some sick person. 
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Almost invariably, because of the universal employment of the sweat, 
either hi religious or for purely medical purposes, the building of the medicine 
lodge was accompanied or preceded by the building of a sweat lodge, sometimes 
a large structure accommodating several celebrants, or a smaller one designed 
for but a single person at a time. At times the ceremony of sweat seems to 
have been carried on in the large structure, that is, in the real medicine lodge, 
but it appears to have been more usual that those who had been first prepared 
by the sweat were admitted to the ceremonials in the great lodge. 

As an example of the type of chant or litany which was employed in the 
course of the treatment of diseases, 1 wish to quote the Sacred medicine formula 
of the Cherokees, employed by Galumi, a famous medicine man of that tribe, 
in rheumatism known as “The G'ripplcr.” Gahuni died about 1855. I shall 
allow you to judge if it is more foolish than the inumbo of the successful quacks 
of today. (Seventh Annual Report, Bureau of Ethnology, 18S5-S6.) 

“Yu! 0 Reel Woman, you have caused it. You have put the intruder under 
him. Ha ! Now you have come from the Sun Land. You have brought the small 
red seats, with your feet vesting upon them. Ila! Now they have swiftly moved 
away from you. Relief is accomplished. Let it not be for one night alone. Let 
the relief come at once.” 

“Repeat this prayer four times. (If a woman you must say ‘Red .Man’ and 
if a man. you must say ‘Red Woman.’) Meanwhile laying on hands, take off 
the hands; blow once at the fourth repetition, blow four times. And this is the 
medicine. Egluni (a fem), Yat na-Utsesta (Christmas fern), Jva ga Asgutage 
(Maiden hair fem), Da yi-Umvayi (Beavei-s paw). Boil the roots of six varieties 
together and apply the hands warm with the medicine upon them. Doctor in 
the evening. Doctor four consecutive nights. (The pay) is cloth and moccasins, 
or if lie does not have them, jnst a little dressed deer skin and some cloth.” 

And this is the tabu for seven nights. “One must not touch a squirrel, a 
dog, a eat, mountain trout, or women. If one is treating a married man, he 
must not touch his wife for four nights. And he must sit on a seat by himself 
for four nights, and must not sit on the other seats for four nights. ” 

Religion is always a difficult subject to discuss dispassionately. The In- 
dian had his religion, and whatever his beliefs, he took it quite as seriously and 
much more faithfully than most of us do. My own private belief is that he is 
quite as much entitled to his beliefs as we are to ours. Whatever of brutality 
he may have shown has been quite equalled by many of those who profess the 
faith of the gentle Jew of Nazareth. As in the early days of our own medicine, 
religion has also been intimately mixed with the medical practices of the Indian, 
and this is the chief criticism which we may level against it. Psychotherapy] 
however, is a very important agency for cure in many, if not most diseases, and 
the red man has realized this perhaps more fully than we of this age do] As 
has been recently said by one of our leaders (Thomas Salmon), “No medical 
system can be complete and fully satisfactory until the proper commingling of 
psychotherapy with the methods of real science of pathology, chemistry, and 
bacteriology has been found.” Until we medicine men of today have properly 
realized and adopted this fact, we are in no position to criticize the red prac- 
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titioner wlio did without question practice this associated psychotherapy and 
physical practice with notable success and well adapted to the requirements of 
his patients. 

Naturally for an intensely religious people, the theory of disease among prac- 
tically all tribes is the same, namely that of an evil spirit or bad medicine which 
has entered the body and caused sickness. Obviously the thing to do in that 
ease is to drive out this evil spirit by a stronger good medicine, for which quite 
naturally the gods must be appealed to through proper prayers and medicines. 
Hence, it is that most of the incantations practiced or in vogue arc such as 
the shooting of the Migis of the 0 jib way and the sucking out of the disease 
which is so generally practiced not only by Indians but also by simple whites 
and even by animals. As is well known the medicine man in such treatments 
is likely to conceal in his mouth or elsewhere on his person a stone, or perhaps 
some living object as a cricket, frog, or the like which he dramatically produces 
at the proper time. 

I have known of many whites who also believe in the efficacy of prayer and 
of divine intervention in cases of sickness. Perhaps we all arc somewhat in- 
clined in this direction to a greater or lesser degree, so why laugh at the Indian? 
Our church services seem quite as absurd to him, so I am told, as his ceremonies 
do to us. 

Of course the shaman performance opens the ceremonies of the Indian to 
the ridicule which the superior white is likely to visit upon it, and the whole 
thing is then considered as a bit of charlatanism. I do not, however, agree with 
this conception for I am convinced that in many instances at least, the removal 
of the foreign body on the part of the. priest has precisely the same significance 
as the very similar ceremonies practiced by our shamen. The attempt to deceive 
and willful faking is not in the mind of the respectable practitioner any 
more than it is in the mind of our psychiatrists when they do practically the 
same thing in their practice. Those of you who have seen these treatments 
given, cannot I am sure, have failed to note the reverential attitude with which 
it is usually conducted. The psychic benefit to the patient at least is real. 

It is, however, a real pleasure to turn from these phases of medical prac- 
tice to the methods of the Indian which commands our respect as scientists and 
as modem physicians. 

Long before the days of Hippocrates, of Parcelius, eons before Koch, Ehrlich 
and Pasteur, the Indian medicine man practiced an art which came close to a 
science which even today commands our utmost respect and emulation. 

Before Egypt was a nation, long, long before the dominance of the Greek 
school, Verrill with others, has shown us that the Indian medicine man prac- 
ticed successfully Cesarean section, syniphisiotomv ; he understood and applied 
the wide use of trephining; he unquestionably used cocaine as an anesthetic 
together with other effective sedatives and analgesics; he installed dental plates 
and bridgework; he even supplied his patients with artificial limbs. 

The writings of practically all our army surgeons shows that even the 
Indians of the days of Custei’, Crook, and Miles well understood the treatment 
of fractures, dislocations, of stab and arrow wounds, and his treatment of gun- 
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shot wounds in the more intelligent tribes was efficient ami in many respects 
admirable. I myself have seen something of this surgical practice. I have seen 
the most clever sort of splinting in fractures; 1 have seen ball and stab wounds 
well treated, the lips of bulging or gaping wounds cleverly approximated, and 
others have reported the use of thorns and skewers for ibis purpose. Shrewd 
and hard-headed men such as Alacs Hrdlicka, himself a skilled plnsician as 
well as one of our most eminent ethnologists and anthropologists, has spoken 


frequently in unstinted praise of some of these methods of surgical treatment. 

I have also observed as a youth much of the efficiency of pioneer medicine which 
owed its origin mostly to the red medicine man. 

X have heard my own parents speak in terms of affection and respect of 
the work of Old Baptise, medicine man of the Sioux whose services were so re- 
spected and valued by the white settlers of Minnesota that when his tribe was 
sent to a reservation, lie was asked to remain, supported by the government be- 
cause of his value to the early settlements of Minnesota. I cannot say that 
many of the doses of “simples” which I received ns a child were loved at the 
time by me but at least we grew up to be as healthy, sane and sound as the men 
and women of more advanced communities. Whatever may be said against 
Indian Medicine, it was also that of the pioneer in very large degree. The re- 
ports of army officers, particularly of medical officers is almost universally 
respectful of some at least, of the medical customs of the Indian. Furthermore 
almost without exception explorers, miners, settlers, and those others who have 
lived among the Indians have universally cited frequent instances in which 
strikingly successful treatments have been given by these primitive practitioners. 
I am certain that few of us who wore bom of pioneer stock or who have lived 
among even the modem tribes hold anything but respect for what we have seen 
and experienced of Red Medicine. Yen-ill cites, for example, his successful and 
comfortable recovery from yellow fever under the care of medicine men. 

Let us then consider in some detail certain of the drug uses and other 
practices for which we are entirely dependent upon the Indian. I shall pass 
over these drugs very briefly, for I am confident that most of you know the 
more important of them. Perhaps we should put at the head of this notable 
list, quinine because of the great role which it has played not only in individual 
medical practice, but also because without quinine the march of civilization 
great engineering and military projects must have been halted or become en- 
tirely impossible. Cocoa, with its derivative cocaine which has become so 
universally employed in many branches of medicine, we also owe entirely to 
the South American Indian. Caseara is also of Indian origin. There are many 
others peculiar to Indian origin, bnt usually in less frequent general rccomi- 
tion by our present-day profession. As for drugs which are universally em- 
ployed, and the direct origin of which no man knows, they are very numerous 
Saline laxatives were widely employed in practically all districts where nature 
supplied them; we might say the same for most of the wild animals also as 
every field hunter knows. Foxglove, a crude form of digitalis, was widelv 
employed m the districts where it grows. The list of laxative chums used bv 
the Indian is very large, and from personal experience, I can definitely sav 
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that they are highly effective. Diuretics also are very numerous and highly ef- 
ficient; mostly they are decoctions of various plants, and commonly they are ad- 
ministered in warm or hot water, which of course greatly increases their effect. 

Emetics, now rather infrequently employed in our practice were and still 
are very extensively used by the Indians. Under many circumstances they 
were employed for religious purposes, as for example in the course of the 
preparation of the celebrants of the snake dance, but they are also very gen- 
erally used in any manner of gastrointestinal disturbance much as we use 
laxatives in very many disorders, empirically. There is a tremendously large 
list of drugs used for the purpose of emetemisis, including large quantities of 
warm water and irritation of the fauces, after our own manner. Decoctions in 
warm water of holly, cucumber, thorowort, blood root, etc., ad infinitum. Among 
the Navaho the fermented urine of eayuscs is used, and I am informed by an 
Indian trader, quite familiar with the Snake Dance ceremony, that the fer- 
mented urine of the burro is usually employed in this ceremony, supposedly 
because it has also some antitoxic effect against the bite of the rattlesnake. 

I have found it extremely difficult to get accurate information from my 
Indian friends, even when they were entirely convinced of my sincerity. They 
are as a class very sensitive, fearful of ridicule, and most evasive in their 
answers to questions. I have found my most successful avenue of approach to 
speak as a member of the same general medical fraternity, seeking from them 
further information, usually telling them what I did in certain eases and ask- 
ing in turn what they would do under similar circumstances. Occasionally I 
have been able to establish thereby a quite satisfactory relationship, but I am 
fully convinced that most intelligent, medicine men also employ a good many 
valuable drugs of which wc know nothing, and I am certain that scientific 
study of some of their preparations would be of great benefit to us. Many ex- 
plorers and ethnologists have made this statement to me also. 

It is quite natural that the Indian should be skilled in meeting particu- 
larly the conditions which lie contacts in bis ordinary life. This is shown espe- 
cially in his management of snake bite. There arc of course several varieties of 
snakes whose bite is invariably, or practically always, fatal. Against some of 
these reptiles they have no antidote, but I am informed by field ethnologists, 
explorers, miners, and the like that they arc certainly able to successfully treat 
the bites of many supposedly highly virulent forms of snake bite. Not infre- 
quently whites exposed to this peril have profited by this knowledge, but I have 
never known an Indian to divulge this secret. 

The trader at Oribe who had been among the Pueblo people many years told 
me that lie had never seen a ease of fatal snake bite among those tribes to whom 
the snake is sacred, and yet who handle them frequently and are often bitten 
by them, ill-protected as they are by scanty clothing. In the famous snake 
dance, this same man told me that lie had never known serious illness to follow 
the bites incurred in this ceremony although bites from the western rattler arc 
very frequent in the chant. Of course this has been in part accounted for by 
the fact that for several days preceding the dance the snakes are very much 
disturbed and the probability is that their poison is largely exhausted by the 
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time of the actual ceremony. Still it is certain that of the several preparations 
taken before the dance, in the purification ceremonies, that antidotes are taken, 
diether with success or not cannot be determined. During the emetemsis which 
precedes the dance, tiic urine of the burro is taken in large quantities because 
of its emetic effect, and it is supposed by some that this acts also as a protective. 
They very generally in case of bites from poisonous reptiles, practice as \\c do, 
scarification and local blood letting, and this doubtless helps some, but face, neck, 
and arm bites are common during the dance. At least the dancer goes on with 
his ceremony with apparent indifference. The Indian bystanders, not par- 
ticipants. are certainly quite as adverse to the snakes as we are. 1 think that we 
must conclude that they do have protective measures of which we know nothing. 
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Febrifuges are in common use. dogwood for example, which contains 
cinchona in considerable quantities is so used in decoctions. My ^ anqui guides 
in Durango, Mexico, used infusions of sarsaparilla among other preparations for 
this purpose, and I know from personal experience that they are effective in 
considerable degree. 

Astringent decoctions, abstention from food, and rest are widely and suc- 
cessfully used in diarrhea. My 0 jibway friends used a decoction of spruce or 
oak root for this purpose. I think each tribe has useful preparations for this 
purpose, depending, of course, on the plants or drugs available. My mother 
used fermented decoctions of wild blackberry, for example, for this purpose, and 
I recall that when I went away to study medicine my mother provided me with 
a liberal supply of this, which she had, as a pioneer woman, learned to use. It 
was not only effective but also very pleasant, particularly when it had sufficiently 
fermented. On several trips my Indian guides have supplied us with very 
effective preparations of like effect; but it is exceedingly difficult to get them to 
tell what these preparations were, notwithstanding the fact that they were 
certainly most kindly inclined toward me. 

Very much has been said as to the immunity of Indian women from the ills 
peculiar to our women, of their quick aud easy labors, immunity from perineal 
tears and the like. So far as the recent Indian is concerned, I think that these 
statements are incorrectly based. It is true that most Indian women do get 
about immediately after labor; it is also true that they very frequently have 
very severe obstetric difficulties as do our women. It is very tine that thev are 
stoical and indifferent to pain, for that is the custom of the people who are not 
given to emotional demonstrations of this kind, but from my conversations with 
agency doctors and from my contacts with the Indians, I am certain that they 
are quite as liable to difficulties of this kind as the same social types among white 
women, that is as compared with pioneer women, farm women and the like, but 
of course not comparable with women who are soft of muscle, overly fastidious, 
and the like. I have seen plenty of Indian women who suffered extremely from 
dysmenorrhea, menorrhagia, and similar conditions. I do think from mv own 
observation and from the statements of reservation physicians that fibroma and 
myomas are much less frequent among them than with us. I well remember 
overtaking a party of Ojibway friends encamped on their way to the huntin" 
fields because they did not wish to leave behind a favorite daughter of the chief 
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who was suffering from dysmenorrhea and menorrhagia. They were as anxious 
as I was to get on to their hunt, but the chief told me that women were a great 
hindrance to tribal activities because of the troubles incident, to their sex. 

Malignant growths are certainly very much less frequent among the 
Indians than among whites. In fact they are rare among the unmixed tribes. 
I have never seen a malignant growth in a pure blood Indian, and reservation 
doctors report to me the same; it is also remarked upon by Hrdlicka. I looked 
into this matter last year while in Mexico, where the population is preponder- 
ately Indian. In many places tribes, like the Yaqui, have preserved to a marked 
degree their racial purity. Every physician with whom I came in contact made 
the same statement that malignant growths were exceedingly rare among the 
Mexican Indians. Dr. Palomeeque, a young and exceedingly brilliant surgeon, 
had practiced two years in the city without seeing a single instance of gastro- 
intestinal carcinoma in an Indian, though he had a large public charity practice. 
Dr. Ramon Molina, probably the leading internist of Mexico City also confirmed 
the same statement; and among the other physicians, including a leading 
pathologist, the same opinion was voiced. Hence it is that there appears to be 
very little knowledge among the Indians concerning newgrowths. They are 
certainly very rare, as is also true among pure strains of wild animals. Mr. 
Fenley Hunter of the Explorers Club lias recently reported to me the death of a 
well-known squaw, Big Mary of carcinoma at Fort Yukon. The diagnosis was 
conformed by Dr. Hrdlicka. 

The same appears to be true of thyroid disease, though I have seen simple 
nontoxic goiter in Indians living in the so-called thyroid districts. 

Naturally rheumatism is one of the most serious diseases with which the 
northern tribes have to contend, the Ojibways, the Crees, and the northern tribes 
in general. I believe that it is rarely seen in the south, among the Pueblos, the 
Navahos, the Mayas, and so on. Naturally in those peoples greatly afflicted 
with tliis disease with its high disabling effect, treatments are very numerous. 
Perhaps in tliis respect they practice polypharmacy as liberally as we do in the 
same condition. Hot applications, the inevitable sweat bath, demulcent drinks 
and many decoctions are widely employed, and certain tribes use willow bark 
and twigs in the form of a decoction. Among the Midiwin practitioners the 
willow ash, which is, of course, high in the salicylates is extensively employed. I 
was shown its preparation by a very fine old gentleman, one of the Midiwin 
society of the Ojibway. This man was not only highly intelligent, but a real 
gentleman, if acts outweigh clothing; and he was also a most artistic and in- 
genious builder of the birch bark canoe, now practically obsolete. Massage, 
active and passive movements were employed extensively both in this disease 
and also in the treatment of sprains, bruises, and so on. 

Anodynes and anesthetics were doubtless more extensively used and elabo- 
rated by the South American tribes, the Pre-Incas and Incas, Colimas, etc. It 
must always be remembered that in these sections, particularly about Lake 
Titicaca, an order of civilization existed which beyond doubt exceeded that of 
any other human race at the time of its zenith, and in many respects this per- 
sisted, though in a degenerated type, up to the time of the Spanish conquests. 
But our story has chiefly to do with the Indians of the times of our forefathers. 
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Stramonium of several kinds was used rather extensively hotli to quiet pain 
and also to produce a condition of semi intoxication in certain ceremonies. Even 
up to recently the government has attempted to prohibit the use of the peyote, 
which induced a condition of intoxication, comparable to the use of opium. 
Alcoholics were and still arc in extensive use among the Indians of Mexico, 


in the form of mescal, and the favorite present-day drink in Mexico is pulque. 
Both these drinks, unless most artfully disguised, taste most, terribly to the un- 
accustomed palate, hut the last mentioned forms a considerable article of the 
diet of the ordinary Mexican. The northern tribes as a class used alcoholics 
very little. These preparations were very extensively employed by the tribes 
familiar with them, in various nervous conditions, for mental and nervous dis- 
eases were familiar enough in Indian Society. I have seen as characteristic 
and striking hysterical attacks among young Indians as one might wish for. 
As I have previously mentioned, among the members of the Midiwin, the shamans 
who undertook the treatment of neurologic diseases were rated in the last or 
highest chapter of their “Grand Medical Society.” As has been noted by very 
many writers, mental disease was rated among the plains tribes in general as 
being related to the Great Spirit. These sufferers were judged as to a consider- 
able extent irresponsible, or under the special care of the Great Mystery; hence 
they were treated with great kindness and consideration, a fact which was 
utilized, we are told, with advantage by prisoners falling into the hands of these 
tribes. At least we must consent that such a method of management was con- 
siderably in advance of the treatments for the insane, prevalent almost up to the 
time of Charcot among some Christian peoples. Our amiable ancestors of New 
Bedford and Salem might have taken a beneficial lesson from the red barbarians. 

Treatment of contagious diseases was very badly carried out as a rule, aDd 
it is probable that in most cases it was harmful rather than otherwise, since 
the sweat lodge and cold plunge apparently represented the most prevalent 
method. It must, however, be remembered that apparently most of the epidemic 
contagions were introduced by the white man, typhoid fever, smallpox, measles, 
scarlet fever, diphtheria, and the like. Probably the less said about these 
matters, the better. It is quite certain, as I have said, that nearly all of these 
contagions whether treated by medicine men or agency physicians are terribly 
fatal; whole tribes within my memory have been almost wiped out by measles 
for example. Darwin mentions this fact in his Voyage of the Beagle and even 
at that early day, he made a correct interpretation of its significance; for be it 
remembered that tills great scientist had been a medical student, and that he 
never lost his interest in medical science. 


Venereal diseases were very prevalent following the early contacts with the 
whites. They were for the greater part very poorly treated. This was the re- 
sult of overly generous social customs, frequently mentioned for example in the 
voyage of Lewis and Clark. It has been told me by several well-qualified men 
that the southern tribes in Mexico have a plant, the Yerba Santa which is effec 
live m syphilis. There is no doubt, I think, but that the Indian has now acquired 
an immunity against syphilis which is higher than that of most whites but 
syphilis acquired from such infected tribes is likely to run a very malignant 


22 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


course when acquired by the whites. Hrdlicka asserts with authority that there 
is no evidence of pre-Columbian syphilis, though the disease syphilis was spoken 
of variously as the “Mandan Disease,” the “Gros Ventre Disease,” and so on 
from its supposed origin from the Indian. 

The subject on which I have ventured to speak to you is a most interesting 
one; it has pleasantly occupied much of my spare time, and has given an added 
interest to my trips into the wilds ever since my boyhood days. I am certain 
that future study of the medical customs, especially of the South American tribes 
and of certain of their drugs will certainly add to our armamentarium other 
drugs, perhaps as valuable as quinine and cocaine. The late Dr. Busby, Iniown 
to all of us for his researches along these lines frequently made this statement. 
Doubtless when the archeologists have found the key to the inscriptions of the 
Tiahunaeans, the Preineas and the Ineas, the Mayas and Toltecs, we shall find 
further evidence on medical matters of great value to the world, just as artists, 
sculptors, architects, economists, and students of government await anxiously 
positive accounts of the wonderful people who preceded us on this continent. 

We may at least be certain that the medical practitioners of these people 
have played an important and honorable role in the early history of America; 
one which reflects honor on us who have followed them in the study and practice 
of the healing art. It is certainly regrettable that we have long been so blind 
to the great part which the prehistoric physician of America has played, and 
that we are still so prone to feel that in the history of progress in art, architec- 
ture, mathematics, astronomy, and even in government, we owe most to the old 
world while the sciences of archeology and ethnology have definitely now shown 
to be not in advance, but behind the early civilization of the Americas. 

In my talks on this fascinating subject, I have been frequently asked for 
references to literature on the subject. In the hope that you may find as much 
pleasure and benefit in the study of this subject as I have, may I refer you first 
to the numerous publications of the Department of Ethnology. Get as many of 
the old volumes as you arc fortunate enough to be able to procure. Have at 
hand the Encyclopedia of the American Indian. It is now old, and does not in- 
clude recent discoveries, but, it is most interesting none the less.* Bead School- 
craft, though lie was a picturesque liar; read and study the egotistic inaccurate 
but fascinating and courageous story of Catlin; his plates are none the less 
our first artistic data on the life of the American Indian of the days of our 
grandfathers. Bead and reread Lewis and Clark, particularly the edition of 
Dr. Elliot Cowes. Bead Golden’s Indians, Colonel Dodge’s The American 
Indian. Bead the earl} 7 publications of Lieutenant Bourke. Do not forget the 
valuable material to be found in the Jesuit Belations, the tale of Father DeSmet; 
read and marvel at the story of the courageous Cabeza De Vaca, of Coronado, 
of Pizarro — and when your palate tires of detective stories, read the diary of 
Bernald Diez del Castello, the Lieutenant of Cortez. Do not forget Prescott’s 
Conquest of Mexico, or his charming story of the Conquest of Peru. 

Bead the carefully compiled volume on Shamanism of Dr. Maddox. Gather 
to your choicest volumes everything original that you can find on early American 
history, and the records of the colonists both of our own United States and of 


*A new edition is now under way. 
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Canada. Read Franklin ’s Essay on- Ihc American Indian; Cotton blather. 
Read Schultz’s My Life as an Indian; read every book that you can lay your 
hands on written by Vcrrill; I believe that there are only seventy-nine volumes 
as yet. Read the publications of Dr. Alnes Ilrdlicka, the charming volume of 
Dr. Hough The ITopi. Everything written by Clark Wissler is beautifully done 
and most authoritative. All the publications of the American Museum on the 
subject are well worthy of their origin. There is a very fine little volume, re- 
cently written by Dr. Erie Stone in the series, Clio Mcdiea, on Medicine Among 
the American Indian. Better still visit and revisit the marvelous collections 
of the Museum of the American Indian, Ilcye Foundation, the American Museum 
of Natural History, the choice though small, and local collection in the City 
Museum of Milwaukee; and you will soon find yourself equipped with a most 
fascinating hobby which will bring you pleasure and profit just ns long as your 
cerebral cortex is intact. Your library will grow by leaps and bounds; you will 
haunt the old book stalls, and your spare change will not go to Wall Street. 

Best of all, visit the Mesa Verde, Pueblo Bonito, Kitscal, Bctnta Kin, the 
still active Indian villages of Zuni, Oribi, Walpi, and the pueblo towns in 
general of New Mexico and of Old Mexico. Marvel in Mitla, Mont Alban, the 
City of Mexico with its unequalled collections and its dramatic history and 
startling views. And there is still Yucatan, with its preposterous and beautiful 
old cities, older than Egypt. There still remain for you, all of Central and 
South America with Cuseo, Tia Huanaca, and the old Preincan and Incan towns 
of Peru, Bolivia, Chili— then you have started on a lifetime search of the beauti- 
ful and marvelous, on a study of the history of the country where “Columbus 
Came Late,” but where you and I live, in a land with a history and heritage 
elsewhere unequalled. 


FUNCTIONAL STUDIES OF PATIENTS ON ANTI ARTHRITIC 

MEDICATION 


David Stein, M.D., and William C. Minnich, M.D. 
Philadelphia, Pa. 


T HE primary purpose of this study' was to observe the functional reaction 
of unselected arthritics to a few standard types of medication. Acces- 
sory modes of treatment which were based upon the etiology, and aimed at 
curative effect such as the elimination of foci of infection, were carried out 
in all eases. From the standpoint of this study', however, the latter methods 
were of academic interest only. The secondary purpose of this study was to 
observe whether, in a comparatively' small series (143 cases) of arthritis, 
under moderate dosage of common drugs, idiosyncrasy or lack of tolerance by 
the kidneys or liver was frequent or the reverse. 

In 1923, Worster-Dr ought 1 published one of the first alleged cases of 
phenylcinelioninic toxicity, which recovered. In somewhat desultory fashion 
other cases, with recovery, were reported for the subsequent three years. In 
1926, Langdon-Brown 2 published one of the first 0 reports of a death, due to 
atophan. From that time to the present, there have been reported several 
cases of intoxication due to phenydcinchoninates. The authors appear to have 
overlooked the fact that not only' does acute y'ellow atrophy' arise from many' 
causes and many' drugs, hut that the well-known salicylates have also been 
known to cause this condition. 3 ’ 4> 5 Further, authors appear to have failed to 
compare the annual consumption of phenydcinchoninates and salicylates with 
the relative frequency of symptoms of intolerance. Since the manufacture of 
the former runs to almost one hundred thousand pounds, and of the latter to 
three million pounds! in the United States alone, it must be fairly obvious that 
the chance of intoxication, statistically, is slight. 

There is a large bibliography' on these questions of toxicity which it is 
scarcely necessary' to cite. It seems to us that further work in the clinic, 
coupled with some of the newer laboratory' studies, should be done to amplify' 
the findings of the earlier writers such as Hanzlik. 2 - As to the use of phenyd- 
cinchoninic acid (cinchophen) itself in these studies, we were of the opinion 
that the position taken by' the Journal of the American Medical Association in 
1931 was sound; and that we would, accordingly', not use phenylcinelioninic 

•We consider the case reported by Cabot (Boston M. & S. J. 102 : 1122, 1925) to be erro- 
neous and so shown by the report In the J. A. M. A. 89: 11G7, 1929. 

fU. s. Census ot Dves and Synthetic Organic Chemicals: U. S. Tariff Commission. 1930, pp. 
60, 61. Manufactured Salicylic acid 2,781,106 pounds, Cinchophen 93,765 pounds. 
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acid. The statement said (J. A. M. A. 97: 409, ]!131) : “...it would be well 
to discontinue tlie use of cinchoplien, or atophau, and to substitute licoeinclio- 
plien for it. . . . This remarkable safety of ncocincliophen is also reflected by 
the fact that it is practically impossible to find one undoubted ease of nco- 
cinchophen liver atrophy in the literature.” These facts, then, that neocin- 
choplien and the salicylate of sodium have been so very rarely accused, led us 
to use these drugs in our study. We are in agreement, so far as the clinical 
side of the picture is concerned, with the conclusions of Davis.* who has re- 
cently said: ‘‘A study of 200 cases taking neoeinchoplien or cinchoplien has 
been made. . . . The superiority of neoeinchoplien to cinchoplien for general 






clinical use appears, at the present time, a fair conclusion from the evidence of 
the literature and the author’s cases.” 


In the matter of nomenclature, we have been guided by tlie Rheumatism 
Primer published by the American Committee for the Control of Rheuma- 
tism. As they observe, no classification suits everyone or every ease, hut a 
simplified classification aids us in the comparative judgment of reported cases 
and. hence should be adopted where possible. 

Our laboratory tests' have been the classical ones as described by Hawk 
and Bergeim, 8 Meulengraeht (Brown's modification), 9 * 10 van den Bergh. 31 


,, ^ aveud prolixity wc use the fjuite widely recopnized abbreviaf inne nf p* tt r* ■ 

c^dlosram : B.S.P. for the bromsulphalein test ;* and Ts.P . i for The “hfeStw^hthSctetet: 
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Bauer, 12 Wallace and Diamond, 13 Rosenthal and White, 14 Cantarow, 15 Davies, 10 
and Rowntree and Geraghty. 17 

Blood pressure studies were made on every patient ; and on some patients 
as many as twenty or thirty determinations were made, hut we found nothing 
of the slightest functional significance. Many blood picture studies were 
made, and the results in a few eases, as regards progress of the infection and 
secondary anemia, have been shown in Group 4 chart. 

The rationale of our procedure is more clear if we consider the cases in an 
order inverse to the complexity of the findings. One of us (W. C. M-), seeing 
constantly, in his office, a considerable number of industrial cases, observed 
clinically, without laboratory study, 70 unselected cases of traumatic arthritis 
upon minimum medication of one type. The other of us (D. S.) observed simi- 
larly, at the various dispensaries to which he was attached and in his office, 
50 unseleeted eases of arthritis, usually infectious, upon another type of medi- 
cation, in minimum dosage. The first 70 case series was composed as follows : 


Artliritis of the: 

Feet 

Knee 

Ankle 

Lumbodorsal vertebrae 
Digits 

Pelvis, including the sacroiliac juncture 
Forearm, including the wrist 
Upper arm and shoulders 
Miscellaneous traumata about the mus- 
cles, femur, libs, legs, etc. 


S cases or 11 % 
11 cases or 151% 
5 cases or 7 % 
5 cases or 7 % 
5 cases or 7 % 
G cases or 81% 
7 cases or 10 % 
4 cases ot 6 1% 
19 cases or 271% 


The age distribution of these cases was as follows : 

10 to 20 years 
21 to 30 years 
31 to 40 years 
41 to 50 years 
51 to 00 years 
Gl to 70 years 


1 case 
15 cases 
27 cases 
20 cases 
6 cases 
1 case 


The sex distribution was: males, 67; females, 3. The youngest patient 
was eighteen years of age; the eldest, sixty -seven. The average length of 
treatment was four weeks; the shortest, one week; and the longest, twelve 
weeks. Every patient received 5 gr. of tolysin* three times a day. The symp- 
tomatology was affected as follows: 

Moderate relief 19 cases or 27% 

Marked relief 49 cases or 70% 

No relief 2 eases or 3% 

•A brand of paramethylphenylclnclionlnlc ethyl ester, manufactured by the Caleo Chemical 
Company, Inc. ; other names being used in the literature for this chemical are neocinchophcn, 
novatophan, etc. 
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■While laboratory studies were not done upon these patients, none at any 
time complained of gastrointestinal, hepatic, or i-cnal symptoms, or showed 
the signs of such organic dysfunction. 

In a manner roughly parallel to the above method, oO ambulator} cases 
were observed by one of us (D. S.) under minimum medication with elixir 
sodium salicylate compound (N. F.). They received the equivalent of 5 gr. 
of sodium salicylate plus potassium iodide, gclscmium, eimeifuga, etc., in an 
alcoholic medium, three times a day. These unselectcd office and dispensary 
cases of arthritis may be anatomically subdivided as follows: 

Arthritis of the: 


Ankle 

7 

cases 

or 

14% 

Wrist and hand 

G 

cases 

or 

12% 

Elbow 

1 

case 

or 

2% 

Shoulder 

G 

cases 

or 

12% 

Knee 

7 

cases 

or 

14% 

Hip 

1 

case 

or 

2% 

Sacroiliac joints 

3 

cases 

or 

G% 

Several joints 

10 

cases 

or 

38% 

ages were distributed as follows : 





10 to 20 years 



3 

cases 

21 to 30 years 



4 

cases 

31 to 40 years 



24 

cases 

41 to 50 years 



8 

cases 

51 to 60 years 



8 

cases 

61 to 70 years 



2 

cases 

Unknown 



1 

case 

diagnostic classification was as follows: 





Atrophic Arthritis 

43 

cases 

or 

86% 

Hypertrophic Arthritis 

7 

cases 

or 

14% 


The youngest patient was nineteen, the eldest, sixty-nine years. The sex 
distribution was ; 38 female, 12 male. The length of treatment varied from 
about one week to about eight weeks, on an average four weeks. 

The results obtained were : 

Moderate relief 44 caseg or gg% 

Marked relief 3 cases or 6% 

No relief q oa tip a cc/_ 


No symptoms or signs were observed traceable to renal, gastrointestinal 
or hepatic dysfunction. 

The above two series are obviously antithetic as regards etiology sex and 
to a certain extent, the distribution. Nevertheless, together they cover nearly 
tl.e whole range of ambulatory arthritis. In general, the symptom to be re 



Table I 

Group One— Table of Clinical Tests on Thirteen Hospitalized Unselected Cases of Arthritis 
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Tolysin medication — 30 gr./tlay 
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Tolypin medication — 30 gr./day 
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lieved by medication, pending the institution of curative processes by nature 
and the physician, was pain. It is remarkable that, with the very small doses 
employed, only 3 per cent, and about the same in each series, were not re- 
lieved. The medication was obviously minimal in both series and apparently 
satisfactory. No toxicity was expected or observed. 

It seemed to one of us (D. S.) that further, more detailed studies with ex- 
tensive laboratory functional tests were indicated at higher dosage levels. 
Accordingly, a series of 23 cases, drawn from the wards of Temple University 
Hospital and Lankenau Hospital was studied quite, carefully. It should he 

CKOUP FIVE - CGEPASATIVE BaOl-ULFHfiLEIt: FI ESI ECS 
SCHDIATIC OVT Lit'!: 




Curves oporoxizrte only In teros of dye retention. 



noted that this series was studied not for relief of pain, or for associated phe- 
nomena in arthritis, but principally to learn something of the organic func- 
tional response of arthritic patients to antirheumatic medication. To give the 
complete history and physical examination on each of these eases, in addition 
to the laboratory results, would consume entirely too much space; in fact, it is 
impossible to more than approximate the laboratory findings after medication 
was instituted. Almost 600 special laboratory, x-ray, blood pressure, and con- 
sultation examinations were made on the 23 cases. It must be pointed out 
that, in the tables subjoined, the tests representing work done during or after 
medication are always taken as the worst or least favorable test; and usually 
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represent three or more tests during that period upon that particular function. 
We have tabulated the laboratory findings in brief as follows: 


Group I 

13 eases under tolysin medication 

Group II 

5 eases under minimal salicylate and iodide med- 
ication 

Group III 

5 eases under standard salicylate and sodium 
bicarbonate medication 

Group IV 

Significant blood findings 

Group V 

Comparative B.S.P. findings 

Group VI 

Comparative P.S.P. findings 


GROUP 31}. -COMPARATIVE FHEIIOLSULPHOREPHTHALSIII FIKDIKGo 



SCHEMATIC DIAGRAMS 


(Diagrams dram 
to first two sig- 
nificant figures 
only of averages) 



Wo medication 


Tolysin medication 

Averaged readings on 74 separate tests. 


Moderate dosege of 
Salicylates with iodides, 
etc. 


24 # 



1st. 2nd. 3rd. 
Hour Hour Hour 


(Total of £3 cases for 
all renal function 
tests) 


Chart III. 


Full dosage of 
Salicylates used alone, 
(with RaHCOg) 

30?, 



Houp Hour Hour 


DISCUSSION OF TABULATED CASES 


It will be noted in all the tables that it was impossible, due to tbe exigen- 
cies of hospital routine, to do every test upon every patient. Many more tests 
were done after, or during, medication than before. A consideration of all the 
findings gives at least temporary answer, however, to the question of the ex- 
tent to which renal and hepatic functions are affected by standard moderate 
medication under tbe conditions of the study. On an average, three functional 
studies of the P.S.P., B.S.P., and icterus index were done for each one reported 
in the tables ; but tlie graphic charts are inclusive of nearly all. An interest- 
ing point was that nearly all cases of arthritis due to infection show traces of 
albumin in the urine either before or after treatment, or both. 
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Case 924S. T. U. (Table 1), is interesting in that the ease was clearly one 

of slightly impaired renal and hepatic function evidenced by the slightly 
raised icterus index and slightly subnormal P.S.P., and one positi\e indited 
van den Bergh. Yet, under three weeks’ medication with tolvsin, the patient 
showed no significant change in the functional indices. Case 10726, T. U-, 
showed a slightly raised icterus index, but no other signs. Case 7158, T. U-, 
had all the evidence of focal infection over many years ; lmt the E.K.G. did not 
reveal any wave abnormality; and the laboratoiy findings were normal. Case 
8533, T. XJ., was of typical rheumatic origin. The heart was enlarged and there 
was an insufficiency of the mitral valve. E.K.G. showed extra systoles and 
left axis deviation. The P.S.P. in this case was consistently low; but all other 
tests were approximately normal. On Case 8891, T. U., we did a Moscnthal 
test and found an ability to concentrate that was definitely diminished; yet 
the blood chemistry, P.S.P., and urinalysis showed insignificant changes. Liver 
function tests in the case were entirely normal. Case 1450, L. K., showed con- 
sistently low and declining P.S.P. without any other significant findings except 
a Wassermann and Kahn reaction first reported positive, then negative, in 
Case 1027, L. K., it was interesting to correlate the declining blood urea nitro- 
gen with a rising P.S.P. output, the liver function test being essentially nor- 
mal. Case 7664, T. U., showed definite progressive diminution in function of 
the kidney by P.S.P. test; but the icterus index improved while the galactose 
test was, and remained, poor, suggesting a renal factor. Case 7423, T. U., 
showed normal function test, a normal E.K.G., but a typical rheumatic history 
and was, in fact, a typical case of rheumatic disease. All of the above cases 
were treated, so far as analgesic medication was concerned, with 10 gr. of 
tolysin three times a day. So far as could be noted, there were no evidences 
of significant change in the laboratory tests after medication. 

Group II cases were treated (Table II) upon a complex and somewhat 
irrational mixture known as elixir sodium salicylate, compound (N. P.) in 
amounts which would give a dose of about 18 gr. of the salicylate and 3 % 
gr. of KI per day. At first it was thought to use a placebo in these cases; but 
the presence of a very small amount of the salicylate in the mixture gave it 
some effect and satisfied the patients. Case 863, L. K., was an interesting 
one because of the absolutely negative findings in the liver function test in the 
presence of clear abnormality elsewhere. Here the P.S.P. declined progres- 
sively ; focal infection was obviously present in the tonsils ; the blood urea 
nitrogen was definitely raised ; yet the urine did not show much albumin and 
no sugar despite a very definite hyperglycemia. The case strikingly demon- 
strated the advisability of blood dextrose determinations in such cases. Case 
1329, L. K., is interesting because, on physical examination, the liver was 
found considerably enlarged. The functional tests were, without exception, 
normal. Case 1122. L. K., is worth consideration since it was the only one in 
the series of 23 hospital cases in which a definitely abnormal B.S.P. was found 
after mild medication. Seven days later, however, the B.S.P. was normal as 



Table II 

Group Two— Table of Clinical Tests on Five Hospitalized Unselected Cases of Arthritis 



Sodium Salicylate alxmt 18 r-. p'm KI alxml 3H er. 


STEIN' AN'I> MIN'N'ICH 


AXTIARTIfBITIC MEDICATION' 


35 




36 


THE JOURNAL OF LABORATORY .AND CLINICAL MEDICINE 


Table IV 

Group Five. Bhosisulpiialein Test 


(Before Tolysin) : 

CASE 


TU 715S 

5/11/32 

TU 8533 

8/29/32 

TU SS91 

7/15/32 

LK 1450 

1/14/33 

TU 7064 

5/ 3/32 

(After Tolysin) : 


TU 9248 

S/16/32 

TU 6676 

5/ 7/32 

TU 10726 | 

11/ 2/32 
11/ 9/32 

TU 715S 

5/24/32 

TU S891 

( 

S/ 5/32 
' 1/20/33 

LK 1450 < 

( 

1/27/33 
. 2/ 3/33 
- 1/ 4/33 

LK 1127 -j 

1/11/33 
1/18/33 
. 1/25/33 

TU 7664 

5/1S/33 

TU 9S36 

11/12/32 

(Before Sodium Salicylate and 

Sodium Bicarbonate) : 


none 

none 

(After Sodium Salicylate 

and 

Sodium Bicarbonate) : 
TU 8000 | 

7/25/32 
S/ 1/32 

TU 9343 | 

; 7/15/32 
8/ 5/32 

TU 9836 

S/30/32 

TU 5693 j 

; 5/ 5/32 
! 5/1S/32 

(Before Sodium Salicylate 

Mixture) : 

LK 863 

12/1G/32 

LIv 1122 

12/16/32 

(After Sodium Salicylate 


Mixture) : 

| 

f 12/23/32 

LK S63 -| 

12/30/32 


l 1/ 6/33 
f 1/11/33 

LK 1329 -i 

1/1S/33 

V 1/25/33 


12/2S/32 


1/ 4/33 

LK 1179 

1/11/33 

1/18/33 


1/25/33 
r 12/23/32 

LK 1112 

j 12/2S/32 
1/ 8/33 


t 1/11/33 

LK 1122 

( 12/23/32 
l 12/30/32 


RETENTION AT END OP 

5 min. 30 siin. GO siin. 


q.n.s. 

neg. 

neg. 

25% 

neg. 

neg. 

5% 

neg. 

neg. 

so% 

neg. 

neg. 

q.n.s. 

neg. 

neg. 

50% 

neg. 

neg. 

q.n.s. 

neg. 

neg. 

35% 

neg. 

neg. 

8% 

neg. 

neg. 

q.n.s. 

neg. 

neg. 

28% 

neg. 

neg. 

85% 

neg. 

neg. 

5% 

neg. 

neg. 

8% 

neg. 

neg. 

S5% 

neg. 

neg. 

75% 

neg. 

neg. 

60% 

neg. 

neg. 

80% 

neg. 

neg. 

q.n s. 

neg. 

neg. 

30% 

neg. 

neg. 

none 

none 

none 

15% 

neg. 

q.n.s. 

20% 

neg. 

q.n.s. 

25% 

neg. 

q.n.s. 

18% 

neg. 

q.n.s. 

25% 

neg. 

neg. 

q.n.s. 

neg. 

neg. 

q.n.s. 

neg. 

neg. 

35% 

neg. 

nog. 

q.n.s. 

neg. 

neg. 

nog. 

neg. 

neg. 

45% 

neg. 

neg. 

30% 

neg. 

neg. 

85% 

neg. 

neg. 

300%, 

neg. 

neg. 

95% 

neg. 

neg. 

S0% 

80%, 

neg. 

90% 

neg. 

neg. 

90% 

neg. 

neg. 

60% 

neg. 

neg. 

95% 

neg- 

neg. 

85% 

neg. 

neg. 

50% 

neg. 

neg. 

90% 

neg. 

neg. 

90% 

neg. 

neg. 

50% 

20% 

neg. 

S0% 

neg. 

neg. 
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were all other tests at all times; and as a consequence the significance of the 
findings, if any, cannot be determined. Case 1179, Ij. K., had several inter- 
esting features, including an abnormal B.S.P. became normal aftei a few clajs 
stay in tlie hospital; a consistently low P.S.P. nnassociatcd with albumin or 
casts in the urine ; and a normal icterus index with improving B. S. P. It was 
interesting to note that during this period his liver, by physical signs, progres- 
sively enlarged. We offer no explanation. This single group was, in a loose 
sense, a control group. Nothing abnormal was expected or noted. 

Group III (5 eases) represented standard dosage with sodium salicylate 
and sodium bicarbonate, antiartbritic medication widely recognized in hospi- 
tals. All of these cases showed one or more interesting points. All had a 
definite rheumatic fever history and in all the diagnosis of acute rheumatic 
fever was justified. None showed any significant change in laboratory find- 
ings under the above medication, and particularly was the liver function free 
from such change. In three cases there was a definite trend downward 
(rather than upward as claimed by the protagonists of sodium bicarbonate) in 
the P.S.P. test (Cases S529, T. U. ; 9343, T. U. ; 9836, T. U-), but this change 
was commonly later reversed. The E.K.G. findings showed cardiac involve- 
ment in two cases (Cases 8000, T. U., 5693, T. TL). 

The subject of blood studies has not been mentioned up to this point, but 
in these 23 cases some blood work was done on each, and a great deal of work 
was done on many. In some, the so-called “Schilling hemogram ’ ’ was con- 
structed to indicate comparatively the complete count (repeated from five to 
ten times) together with an estimate of the shift in the nuclear structure of 
the white cells “to the left” or “to the right.” In this regard we have been 
very much interested in the recent publication by Steinbrocker and Hartung 18 
on the “filament-nonfilament count” of arthritis as an aid in differential diag- 
nosis. We have scarcely space to go into an analysis of these eases as viewed 
from such an angle, but hope to be able to do so in a subsequent publication. 
Solely to illustrate the constant tendency to hypochromic anemia in these 
cases, we have appended a few rough diagrammatic charts of the course of 
the red cells, hemoglobin and white count. It is our preliminary opinion that 
the hypochromic anemia, which almost invariably occurs in these cases, is 
best treated when infection is quiescent and hemolysis has ceased. 23 We 
should like to call attention to the article by Robertson, Swalm, and Konael- 
mann ls in which an excellent summary of liver function tests is given. We 
have made no attempt to use the recently suggested Lichtman 20 test of 
hepatic function because of the difficulty of obtaining betahydroxyphenylcin- 
choninic acid for the preparation of standards. 

SUMMARY 

No essential difference was noted in the clinical response of 120 unselected 
cases of arthritis to minimal doses of tolysin or sodium salicylate in grain-for- 
grain equivalent dosage. The presence of potassium iodide, eimicifuga, gel- 
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semium, and such medicaments did not seem to add to, or detract from, the 
effects noted. 

The thirteen cases under 30 gr. of tolysin daily, carefully studied upon 
hospital wards, showed no signs of liver involvement which could he con- 
firmed by any of the common laboratory functional tests frequently repeated, 
and the kidney signs were in conformity with the usual findings of a slight 
albuminuria in arthritis regardless of medication. In this matter, our experi- 
ence coincides with that of Chace, Myers and Killian 21 who remarked over ten 
years ago, after careful study: “In the cases which we employed, neither 
einchophen nor neoeinchophen produced proteinuria or intensified it when al- 
ready present. . . 

The series of five eases upon very small doses of salicylates (Group II) 
failed to differ materially from any of the others from a laboratory standpoint. 

The series of five cases upon standard salicylate medication averaging 
more than 80 gr. of sodium salicylate per day (Group III) together with 
sodium bicarbonate, differed not at all from the preceding cases in the charac- 
ter of their functional tests. 

The entire study failed to show any effects of so-called toxicity from anti- 
rheumatic medication in moderate or small dosage during the period of study 
and with the dosages employed. We wish at this point to express our great 
appreciation to Doctors Robertson, Konzelmann, Kline and Bortz for their co- 
operation; and to Miss Schubert and Miss Hold for assistance in the patho- 
logic work. r rn . 

CONCLUSIONS 

1. Moderate dosage of tolysin and sodium salicylate with bicarbonate, 
produced no appi'eciable changes in the laboratory tests for total renal and 
hepatic function in arthritic cases under the conditions of our study. 

2. Hypochromic anemia is an almost constant concomitant of acute and 
chronic nontraumatic arthritis. 

3. The widely accepted treatment of arthritis, involving accurate diag- 
nosis; antietiologic measures; anatomic, physiologic and psychic rest; the 
regulation of bodily and endocrine chemistry, is best charted and checked by 
careful functional laboratory studies. 
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A STUDY OP THE OTTO TEST FOR STRYCHNINE 0 


Charles F. Poe, Ph.D.. axd John* F. Bailey. ALA., Boulder, Colo. 


O NE of the earliest tests devised for the detection of the presence of strych- 
nine was proposed by Otto 1 in 1S46. This test consists of treating a small 
quantity of strychnine with a few drops of concentrated sulphuric acid. When 
a small crystal of potassium di chromate is moved about in this liquid a deep 
violet color changing to a dirty green is produced. 

A study in this laboratory 2 has shown that the Mandolin test for strychnine 
is given by a number of substances other than strychnine. A study was there- 
fore undertaken in order to determine whether or not the Otto test was more 
specific for strychnine than was the Mandolin test. 

A record has been made of a number of substances which produce a color 
similar to that given by strychnine with H 2 S0 4 - K ; Cr ; 0-. AYormlcy 3 states 
that curarine and cod liver oil give a similar test. "Witthaus 4 lists geissospermin 
as giving the same test as strychnine, while aniline at first gives the test but soon 
changes to a black. A number of substances are listed by AVormley 3 which will 
interfere with the test. These include morphine, quinine, sugar, brucine, and 
tartar emetic. 

In working until crude drugs, Fuller 3 has found that the petroleum ether 
residues from gelsemium and yoliimbe give the strychnine test. 

Mameli 6 made a study of the interference of certain substances employed in 
therapeutics on the Otto color reaction. He found a number of drugs which 
more or less interfered with the test. The amounts of the drugs used in the 
tests, however, were not given. 

procedure 

Preparation of Solutions to Be Tested . — The organic compounds used in 
this investigation were prepared in the proper solvent so that 1 c.c. was 
equivalent to 1 mg. of the compound. The strychnine solution was of the same 
strength. 

Procedure of the Tests . — Three tests were made on each compound. For 
the first, 1 c.c. of the solution of the organic compound was evaporated and the 
usual test was made and any color noted. The second test was made in the 
same manner except that 1 c.c. of strychnine was evaporated with the same volume 
of the organic compound and the test made on the mixture. The third test was 
carried out as above, except that 5 c.c, of the impurity were mixed until the 
strychnine. 

The results of the tests when the organic compounds were tested alone are 
given in the pages which immediately follow: The name is given first and 
directly opposite is given the color reaction. 

♦From the University of Colorado. 

Received for publication, October 10, 1932. 
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ALKALOIDS AND 

Organic Substances 
Apomorphine 
Berberino 
Brucine 
Colchicine 

Cotarninc hydrochloride 

Cryptopine 

Delphinine 

Gelseminine 

Hydras tine 

Papaverine 

Piperine 

Sanguinarine nitrate 
Solamine 
Strychnine 
Veratrine 


ALKALOID AI, SALTS 

Color Reaction 
Brownish green 
Brown to black 
Orange 

Orange, acid alone 
Orange 

Violet, acid alone 
Beddish brown, acid alone 
Keddish brown 
Yellow, trace of violet 
Light violet, acid alone 
Violet brown 

Greenish black, acid alone 
Yellow, acid alone 
Violet to blue to orange 
Orange to red, acid alone 


No Color Reaction. — Aconitine, atropine, belladonninc, caffeine, cinchonidine, cinchonine, 
cocaine, codeine, daturine, dionine, emetine, ergotinc, beta-eucaine hydrochloride, heroine, 
homatTopine, hyoscyamino, morphine, narceine, nicotine, pelletierine, phenaeaine, physostig- 
mine, pilocarpine, pseudopellctierine, quinidine, quinine, scopolamine, sparteine, theobromine, 
theophylline. 

AMINO ACIDS AND DERIVATIVES 

Glycyltryptoplianc Dirty green 

Phenylglycine Violet brown 

Tryptophane Dirty green, trace purple 

No Color Reaction. — Acetylphenylglycine, alpha-alanine, para-aminophenylglycine, argin- 
ine, asparagine, aspartic acid, di-benzoyl alanine, betaine hydrochloride, creatine, creatinine, 
diiodotyrosine, edestine, ethylglycollatc, glutamic acid, glycine, hippuric acid, isoleucine, 
leucine, para-nitrophenylglycine, alpha-phenylalanine, beta-phenylalanine, tyrosine, di-valine. 

ALIPHATIC ACIDS 

No Color Reaction. — Aconitic acid, adipic acid, d!-alpha-aminoacetylaeetic acid, alpha- 
bromopropionic acid, beta-bromopropionic acid, formic acid, fumaric acid, levulinic acid, 
maleic acid, malic acid, malonic acid, mesaconic acid, mucic acid, palmitic acid, propionic acid, 
stearic acid, succinic acid, tartaric acid, tartronic acid, trichloracetic acid. 

ALIPHATIC ACID SALTS, ESTERS, AND DERIVATIVES 

No Color Reaction. — Ethyl oxalate, ethyl succinate, isoamyl propionate, isobutyl acetate, 
isobutyl isothiocyanate, methyl isothiocyanate, sodium formate, sodium oxalate, thallous 
formate, thallous malonate, triacetin, tributyrin. 

ALIPHATIC ALCOHOLS AND KETONES 

No Color Reaction. — Acetylacetone, cetyl alcohol, dulcitol, erythritol, ethylene glycol, 
isobutyl alcohol, isopropyl alcohol, mannitol, melissyl alcohol, methyl heptenone, octyl alcohol' 
pliOTone, trichlorobutyl alcohol. 


SUGARS 

No Color Reaction. Arabinose, galactose, glucose, lactose, levulose, maltose, d-mannose 
melezitose, raffinose, rliamnose, sucrose, xylose. 3 
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UREA AND URIC ACID DERIVATIVES 

Allylphenylthiocarbamide Brown, streaks of violet 

Amytal (isoamylethylbarbituric Light green 

acid) 

Triphenylguanidine Brown to green 

No Color Head ion. — Allylthioearbanaidc, allylthiourea, ncetylmethylurea, allanfoine, allox- 
antine, barbital (dietliylmalonylurea), barbituric acid, biuret, dl-n- butylthiourca, dibromo- 
barbituric acid, diphenyltliiourea, guanine hydrochloride, ipral (calcium etliylisopropyl- 
barbiturate), luminol (phenyletliylbarbiturie acid), peralga (aminopyrincdicthylbarbiturate), 
tliiobarbituric acid, thiourea, urea, urethane, uric acid. 

GLUCOSIDES 


Aesculin 

Arbutin 

Colocynthin 

Digitalin 

Salicin 

Saponin 

No Color Reaction. — Amvgdnlin, conva 

tonin. 


Brown, trace violet 
Beddish violet, acid alone 
Yellow, acid alone 
Reddish brown, acid alone 
Magenta, acid alone 
Brown, acid alone 

lamarin, elaterin, phloridzin, picrotoxin, san- 


MISCELLANEOUS ALIPHATIC COMPOUNDS 
Oenanthol Green 


No Color Reaction. — Acetal, acetaldoxime, acetamide, acetoxime, aldehydeanimonia, 
aminoguanidine bicarbonate, bromoform, ter-butyl bromide, chitin, chloral hydrate, chloral 
urethane, chloropicrine, dimethylglyoxime, hexaeliloroethane, hexamethylenetetramine, iodo- 
form, isobutylbromide, metliylglyoxal sodium bisulphite, monoclilorohydrine, nitrosodiethyl- 
amine, oxamide, pinacol hydrate, propionamide, sulphonal, thialdine, tribromoliydrine, triclilo- 
roacetylcliloride, trimetliylene bromide, trional, veronal. 


BENZENE AND TOLUENE DERIVATIVES 
Azoxybenzene Brown 

No Color Reaotion. — Ortho-bromoclilorobenzene, para-bromoehlorobcnzene, ortlio-broino- 
nitrobenzene, meta-chloronitrobenzene, ortho-chloronitrobenzene, para-chloronitrobenzene, para- 
chlorotoluene, ortlio-dichlorobenzene, 2-5-dichloronitrobenzene, iodosobenzene, isopropylbenzene, 
meta-nitroboluene, ortho-nitrotoluene, para-nitrotoluene, mesitylene, styrene, para-xylenesul- 
phonic acid. 


ANILINE AND DERIVATIVES 


ortho-Anisidine 

Benzanilide 

ortho-Benztoluide 

para-Bromoaniline 

ortho-Phenetidine 

para-Phenetidine 

Phenyl-beta-diphenylamine 

ortho-Tolidine 


Violet black, acid alone 
Deep violet 
Reddish violet 
Reddish violet to brown 
Deep violet, acid alone 
Light violet, acid alone 
Green, acid alone 
Deep orange 
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Xo Color Send ion . — A ret onnilidc, acetyl-para-nnisidinc, acetyl-ortho-iiicthyUoluidinc, 
ncetyl-para-methyl-tohiidine, nectylplicnetidine, aectyl-ortlio-tolnidiiu*, acetyl-pa ra-tohiiiVino, 
mcta-acetxvlidine, aminoazobenzcnc, 2-nminotolucnc-4-suIphonic acid, 2-aminotoUione-.>-sulphonic 
acid, 4-nminotolucne-2-sulphonic acid, aniline^ nieta-anisidinc, para-anisidiiie, pnrn-benz.toluide, 
para-bromoaeetamlide, meta-bromoaniline, ortbo-broino-nnilino, chloramine, meta-chloronniUnc, 
ortho-ehloroaniline, para-cldoroanilino, 1, 2, 4 -dicliloroaniHne, 2, o-diehloroaniline, 1, 2, 4* 
dinitroaailine, exalgine, lnetn-nitroaniline, para-nitroaniline, mctn-nitrodimcthylnniline, para- 
ni t ro dim ethylnnilinc, nitroso-dimcthylanilinc, 1, 2, 3-nitrotoUvidiue, 1, 2, 4-nitrotoluidinc, 1, 3, 
4-nitrotoluidine, raeta-toluidinc, ortlio-tobiidinc, pnra-tohiidinc, tribroinoanilinc, trinitroaniline, 
1, 2, 4-xylidine, 1, 3, 4-xvlidinc. 


PHENOLS AXD DERIVATIVES 


ineta-Aminoplienol 

ortlio-Aminoplicnol 

para-Aminophenol 

5-Benzalamino-2-ercsot 

para-Benzalaniinoplienol 

Catechol 

ortho-ChloromcrcuTiphenol 

para-Xitrophenol 

Phloroglucinol 


Dirty green 
Light violet, acid alone 
Blue black, acid alone 
Yellowish green, acid alone 
Green, acid alone 
Green, acid alone 
Yellowish green 
Pink 

Slate to green 


Xo Color Reaction. — Acetyl-meta-amiuophenol, aeetyl-para-aminophonol, benzoylthymol, 
para-hromophenol, carvaerol, ortlio-ehlorophenol, para-chloroplienol, meta-cresol, ortlio-cresol, 
para-cresol, 3, o-dibromo-ortlio-eresol, 2, 4-dichlorophcnol, dimethylhydroresorcinol, 2, 3- 
dinitrophenol, 2, 4-dinitrophenol, 2, 6-dinitroplienol, meta-nitroplienol, ortho-nitrophenol, 
oreinol, phenol, picric acid, pyrogallie acid, tetrabroino-ortho-phenol, thymol, tribromophenol, 
tiichlorophenol, xylenol. 


AROMATIC ACIDS 


Anisic acid 
Benzilic acid 
Cinchophen 
Cumaric acid 
Diiodosalieylie acid 
Diplienylacetic acid 
Mandelic acid 


Brown, tinge of violet 

Magenta, acid alone 

Light green 

Bed to green 

Dark yellow 

Yellow to dark green 

Brown 


Ao Color Read ion . Acetylsalieylie acid, meta-aminobenzoic acid, para-aminobenzoie 
acid, dl-aminophenylacetic acid, anthranilic acid, arsanilie acid, meta-bromobenzoic acid 
ortlio-bromobenzoic acid, para-bromobenzoic acid, meta-chlorobenzoic acid, ortbo-ehlorobenzoic’ 
acid, para-chlorohenzoic acid, cinnamic acid, gallic acid, 5-iodosaUcylic acid, para-mercuri- 
chlorobenzoie acid, metanilic acid, naphthionie acid, meta-nitrobenzoie acid, ortho-nitrobenzoic 
acid, para-mtrobenzoic acid, quinie acid, salicylic acid, tannic acid, tereplithalic acid ortho- 


AROMATIC ACID DERIVATIVES 
Benzyl benzoate Brown 

Ncocinchophcn (cthyl-6-mcthyl-2- Brownish green 

phenylqninoline-4-carboxylate) 
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No Color Heart ion. — Benzamide, benzoic anhydride, butyl benzoate, cumarin, ethyl 
benzoate, ethyl salicylate, isoamyl benzoate, isoamyl salicylate, isobutyl benzoate, methyl 
benzoate, methyl cinnamic ester, methyl salicylate, nicotinic acid nitrate, mcta-nitrobenzoyl 
chloride, para-nitrobenzoyl chloride, phenyl salicylate, phtlialimide. 


AROMATIC ALDEHYDES, ETHERS, ALCOHOLS, AND KETONES 


Benzalacetophenone 

ortho-Nitrobenzaldehyde 

5 -Nitr osalicylald eby de 

Salicylaldeliyde methyl ether 

Saligenin 

Vanillin 


Brown 

Red, acid alone 
Dirty green 

Greenish brown, acid alone 

Pink, acid alone 

Brown 


No Color Beaction. — Para-aminoaeetophenone, anisaldehyde, anisole, benzalacetone, 
benzhydrol, benzoplienone, ortlio-bromoanisole, para-bromoanisole, ortho-bromonitrobcnzal- 
dehyde, 1, 2, 5-bromosalicylaIdehyde, ortho-ehlorobenzaldehyde, isoplithalaldehyde, meta- 
metlioxysalicylaldeliyde, methylacetophenone, para-nitroanisole, plienetole, phthalic acid 
aldehyde, piperonal, salicylaldeliyde, tetrametliyldiaminobenzophenone, para-tolylaldeliyde. 


HETEROCYCLIC COMPOUNDS 

Isatin Brown 

Piperidine Brown 

A r o Color Reaction. — Acridine, antipyrine, dimethyl-pyrone, furoic acid, G-nitroquinoline, 
oxyquinoline, quinaldine, quinoline, skatole, succinimide. 

HYDRO AROMATIC COMPOUNDS 

Carvene Yellow-brown, acid alone 

No Color Beaction. — d-Borneol, 1-borneol, di-camphor (natural), camphor (synthetic), 
camphoric 0 acid, camphor sulphonic acid, carvenone, limonene, menthol, quercite, terpineol, 
terpenyl acetate. 


NAPHTHALENE AND ANTHRACENE DERIVATIVES 
Alizarin 

Dibromoantkracene 
beta-Naphtliol 
N aphtholmetliyl-alpha-ether 
alpha-Naphthylamine 
alpha-Naphtliylaminoazobenzene 
Nitroso-beta-naphthol 

No Color Beaction. — Acenaplithene, acet-alplia-naplithalide, acet-beta-naphtlialide, alpha- 
bromonaplithalene, 1, 5-dinitronaphthalene, beta-naphthalenesulphonic acid, naphthalic 
anhydride, beta-naplithylamine, alpha -naphthylisocyanate. 


Reddish violet, acid alone 
Light brown 
Green with black streaks 
Green, acid alone 
Bluish grey, acid alone 
Deep violet, acid alone 
Brown, acid alone 
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MISCEIXANEOUS AUOMATIC COM ROUNDS 


Amarine 

Bcnzcateeliin 

Benzoin 

BcnzylpUcnylbydrazine 

Fluorene 

Pliennntlirene 

Plienanthrcnequinonc dioxime 
Phenolphtlialein 
meta-Plienylenediamine hydro- 
chloride 

Tctrabromophenolpbtlialein 

Tliymolpbtlialcin 

Triplienylmetbanc 


Green 

Bark green 

Green, acid alone 

Bose violet 

Bark green 

Greenish brown 

Reddish brown, acid alone 

Reddish orange, acid alone 

Black, acid alone 

Violet red, acid alone 
Magenta, acid alone 
Brown, traces of violet 


1 V 0 Color Reaction . — Abcitic acid, adrenaline, benzil, 2, -1-dinitrophenylliydrazine, 
diphenyl, isoamylplienylhydrazine, isoeugcnole, ortlio-nitroacct-meta-xylidide, meta-nitro- 
benzliydrazide, para-nitropiienylhydrazine, plicnylliydrnzinc hydrochloride, quercite, rheuniatine 
(saloquinine salicylate), salvarsnn, thiosemicarbazide, ortho-tolunitrile, para-tolunitrile, para- 
tolylisothiocyanate, para-tolylquinolinesulphate, para-tolylthioquinantlircne, tumeric. 


The color reactions for the tests where an equal amount of impurity was 
added to the strychnine were recorded, and also the reactions where five times the 
amount of impurity was added; but the listing of these would require too much 
space. Therefore, only those compounds which caused the violet color to be 
completely masked wall be given. With the remainder of the compounds, many 
gave no interference, whereas others gave more or less interference. 

Organic compounds which completely covered up the Otto test for strych- 
nine when present in equal amounts were : Aesculinc, mcta-aminophenol, azoxy- 
benzene, benzilic acid, benzohydrol, para-benztoluide, dionine, diphenylacetic 
acid, diphenylthiourea, beta-naphthol, alpha -naphthylamine, alpha-naphthyliso- 
cyanate, phenanthrenequinone dioxime, rheumatine, thymolphthalein, ortho- 
tolidine. 

Organic compounds which completely covered up the Otto test when pres- 
ent in amounts five times that of strychnine, in addition to those listed above 
were: Acet-alpha-naphthalide, aeet-beta-naphthalide, meta-aeetxylidine, acetyl- 
meta-aminophcnol, acetyl-para-aminophenol, aeetyl-para-anisidine, amarine, am- 
inoazobenzene, para-aminophenol, apomorphine, benzalacetophenone, 5-benzal- 
amino-2-cresol, para-benzalaminophenol, benzophenone, berberine, brucine, ortho- 
ehloromercuriphenol, colocynthin, cotainine hydrochloride, diiodosalicylie acid 
elaterin, heroine, 5-iodosalicvlic acid, isoamylsalicylate, isoeuginol, morphine' 
beta-naplithalenesulphonic acid, naphthionic acid, naphtholmethylalpha-ether' 
beta-naphthylamine, neocinchophcn, meta-nitrophenol, para-nitrophenol, nitroso- 
beta-naphthol, ocnanthol, phenacainc, phenanthrene, phloridzin, phloroglucinol 
piperine, salicin, sanguinarine nitrate, thiosemicarbazide, paratolylisothiocyanate’ 
triphenylguanidine, tryrosine, veratrine. 

When a study is made of the preceding data, it will be noted that there were 
twenty-three compounds which gave some shade of violet, lavender, or purple 
Some of these were very' similar to the strychnine test and might he mistaken for 
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it. Of these twenty-three tests, there were eleven which gave the violet, lavender, 
or purple color with the sulphuric acid alone. The color with the acid would 
account for some of the positive tests which are obtained with such reagents as 
Frohde’s, Mandolin’s, and the dimethylaminobcnzaldehydc reagent. 

In general, the compounds giving a test similar to that of strychnine belong 
to no definite group. The alkaloids and aniline derivatives, however, gave the 
largest number of positive tests. 

There were a few organic compounds which interfered with the test. Many 
of these, however, would be removed by different organic solvents in a carefully 
conducted analysis. 

There were somewhat fewer positive tests for strychnine given by the 
Otto test than by the Mandolin test, but the number of substances which inter- 
fered with the former test was somewhat greater. 

CONCLUSIONS 

1. A large number of organic compounds have been tested with the Otto- 
Strychnine reaction. A number of compounds have been found which give the 
same test as does strychnine. 

2. The interferences caused by organic compounds as impurities have been 
determined. 
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STUDIES OP THE MECHANISM OP PAIN IN PEPTIC ULCER* 


Ejiil Granet, M.D., New York, N. Y. 


S EVERAL theories have been advanced by various authors in an attempt to 
explain the mechanism of pain in peptic ulcer. These theories may be dis- 
cussed under the following headings : 

I. Increased muscle tension 

2. Chemical irritation of the ulcer 

3. The compression theory of Kinsella 

1. Muscle Tension Theories— Hurst in 19 ll 1 considered that pain in peptic 
ulcer was due to strong peristaltic waves advancing against a pylorus that 
fails to relax, “achalasia.” Glaessncr, Kreuzfuchs, and others thought that 
spasm of the pylorus and of the duodenal cap was the most important factor 
in ulcer pain. 

Carlson, Guinzburg and associates, Hardt, and others made kymograpliic 
tracings from intragastric balloons. These tracings showed that pain was felt 
at the time of or just after maximum hunger contractions. 

Reynolds and Me Clure 3 observing ulcer patients fluoroscopically found 
various types of motor phenomena during the painful phase in patients with 
peptic ulcer. The motor activity varied from quiescence to intense activity. 

Ortmeyer, 3 on the other hand, observed that no change occurred in the 
character of gastric contractions during relief of pain by alkalies. 

Wilson 4 examined fluoroscopically 16 duodenal ulcer patients while in 
pain. He found contracted, spastic duodenal caps in all of these patients. By 
manual manipulation he managed to partially fill the duodenal cap in 13 of the 
16 patients. Relaxation shown by filling of the cap was immediately followed 
by pain relief in all of the 13 cases. Wilson concluded with the hypothesis 
“that relief of pain is due to relaxation of musculature of the caput and con- 
versely, that pain is due to overaction of the duodenal caput with or without 
abnormal local contraction or implication of the pyloric sphincter.” 

Apparently increased tissue tension, due to contraction of muscle or in- 
creased peristalsis, plays a role in the mechanism of pain in patients with 
peptic ulcer. 

2. The Theory of Chemical Irritation of the Ulcer . — That pain in duodenal 
ulcer eases can be caused by exposing the ulcer to the action of hydrochloric 
acid has been shown by Bonninger. 5 

Palmer 0 showed that when a sufficient quantity of 0.5 per cent hydro- 
chloric acid was injected into the stomach of a patient with peptic ulcer, in 
the active stage of the disease, typical ulcer pain was produced in 95 per cent 
of his cases. 
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After the onset of pain, aspiration of the entire contents of the stomach 
resulted in immediate relief. Ingestion of alkalies sufficient to considerably 
reduce the acidity of stomach contents also resulted in pain relief. He further 
showed that as the ulcer patient became symptom-free, the pain-sensitizing 
action of 0.5 per cent HC1. becomes less. Palmer regards this reaction as an 
index of healing in ulcer. 

.Hurst, and Reynolds and Me Chire failed to cause ulcer pain by injection 
of hydrochloric acid. 

Despite this, it seems apparent that in peptic ulcer under certain condi- 
tions, the acidity of the gastric contents is a factor in the mechanism of ulcer 
pain. 

3. Compression of Sensory Nerves. — Kinsella 7 in a very complete mono- 
graph criticizes previous attempts to explain the pain mechanism in ulcer as 
being too limited in their scope. He introduced a concept, whereby ulcer pain 
is explained primarily by compression of sensitized sensory nerves . in and 
around the ulcer base. 

Kinsella points out that a moderate amount of compression is exerted by 
the edema and inflammatory exudate on the intrinsic sensory neiwes around 
the ulcer base. Peristalsis and muscle spasm following a meal, augment this 
tension. Furthermore, at a specific interval after eating, the vascular channels 
of the antral and pyloric regions become engorged, thereby adding still an- 
other factor to increase local tension. Compression, therefore, is attained by 
the summation of the three factor’s; inflammatory edema, increased muscle 
tone or spasm, and localized vascular engorgement, all occurring in and around 
the ulcer at a specified time after meals. Kinsella concludes that ulcer pain is 
caused by compression of sensitized nerves around the ulcer at that time. 
Ulcer pain relief depends on decrease in tissue tension. Alkalies, when in- 
gested, relax the musculature of the pylorus and duodenum. This was shown 
roentgenograpliically by Carman and by Kinsella. Food ingestion also de- 
creases ulcer pain. As the stomach fills, the entire gastric vascular bed be- 
comes engorged. In order to supply part of the required blood to the entire 
stomach, the vascular engorgement of the ulcer area necessarily diminishes. 
As local engorgement decreases, so also does the tissue tension in the ulcer 
region, and hence the compression pain is relieved. 

I. INDIVIDUAL SENSITIVITY' TO PAIN 

Another factor is probably of prime importance in the problem. This con- 
sists in the individual susceptibility of the patient to pain. 

- Libman 8 pointed out in 1926 that individuals may vary widely in their 
sensitivity to a standard pain-producing stimulus. He stressed the problem 
in relation to coronary artery disease and also ulcer. 

Later Crohn 9 reported that in hyposensitive individuals, peptic ulcer 
caused little or no pain. Hypersensitive individuals, on the contrary, definitely 
experience the pain caused by their ulcer. Individual sensitivity to pain seems 
so important a factor in interpreting symptomatology that it was decided to 
reinvestigate the relationship of factors associated with ulcer pain in the light 
of individual pain sensitivity. 
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The subjective symptom of pain in disease seems dependent upon the sen- 
sitiveness of the individual. Thus the phlegmatic Nordic may respond less 
actively to a standard painful stimulus than the hypersensitive Latin. A 
simple clinical test was introduced by Libman so that patients can easily be 
examined as to their individual pain sensitiveness. The test is performed as 
follows: The examiner, using the side of the ball of his thumb, makes firm 
pressure first on the mastoid, then on the styloid process between the tip of 
the mastoid and the angle of the jaw of the patient. Both sides are examined. 
The mastoid is the control point. The response of the patient to styloid pres- 
sure constitutes an index of pain sensitivity. A normal response is interpreted 
by a facial contortion indicating pain ; hypersensitive patients wince, jerk the 
head away, and often cry out with pain; hyposensitive patients have slight 
or no change in their facial expression despite a strong increase in thumb 
pressure. In these studies patients were classified as normal ; hypersensitive, 
1-plus and 2-plus ; hyposensitive, 1 minus and 2 minus. A significant fact in 
working with Libman ’s valuable clinical sign is that psychic manifestations 
or so-called “nervousness” and pain sensitivity are not directly related. That 
is, an individual may be insensitive to pain as determined by styloid pressure 
and yet be markedly psychoneurotie. 

The relationship of typical peptic ulcer symptomatology to pain sensi- 
tivity of the individual as determined by Libman ’s sign was investigated. All 
patients were classified in two groups according to subjective symptoms. 
Patients were considered typical in symptomatology when they complained 
of localised epigastric pain definitely related to meals, pyrosis, night pain, pos- 
sibly vomiting; these symptoms often being relieved by the ingestion of alka- 
lies and food. The symptomatology was considered atypical if pain was vague 
or absent or if substitution symptoms, such as gas or heart bum or pressure 
alone were present. Cases were also considered atypical where the diagnosis 
of nicer was made after investigation of the patient for painless hematemesis, 
painless vomiting, and for the vague painless dyspeptic symptoms just de- 
scribed. Three eases of sudden perforation with no previous gastric symptoms 
were included. 

Material. — Ninety-nine patients with duodenal ulcer were studied and 120 
clinical observations made. Sex distribution: Male 80, and female 19. 
Youngest twenty-one, and oldest sixty-seven years. Duration of nicer symp- 
toms: Shortest three weeks, and longest twenty years. 

The presence of ulcer was proved roentgenographieally in all eases and 
confirmed by operation in 12. 

Observations . — In this group of 99 patients taken as a whole, sensitiveness 
as tested by Libman’s sign was distributed as follows: Normal 28, hyper- 
sensitive 31, and hyposensitive 40. The preponderance of individuals hypo- 
sensitive to pain is possibly to be expected in this dispensary group, more ex- 
posed and accustomed as they are to rigorous conditions of life.^ 

In eliciting the history we found that 74 (75 per cent) of our 99 patients 
had symptoms at some time which were typical of peptic ulcer This -roup of 
ulcer cases with typical symptoms when examined for pain sensitivity by Lib- 
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Table I 


Peptic Ulcer Symptomatology and Pain Sensitiveness. Patients Examined, 99 


SYMPTOMS 

CASES 

PAIN' SENSITIVENESS 

Tvpienl 

74 (75%) 

20 (35%) Hypersensitive 

23 (31%) Normal 

25 (34%) Hyposensitive 

Atypical 

25 (24%) 

5 (20%) Hypersensitive 

5 (20%) Normal 

15 (00%) Hyposensitive 


man’s test were equally distributed in the three groups: Normal (23 per 
cent), hyposensitive (25 per cent), and hypersensitive’ (20 per cent) (Table I). 
Twenty-five ulcer cases with atypical symptoms had little or no pain. In these 
atypical cases we rather expected to find hyposensitiveness to pain according 
to Libman’s test. Actually 15 cases (60 per cent) were hyposensitive. 5 cases 
(20 per cent) were hypersensitive, and 5 cases (20 per cent) were normal 
when tested. 

n. PAIN DUE TO THE COMPRESSION FACTOR AS TESTED BY PERCUSSION TENDERNESS 

During the examination of patients in the active stage of peptic nicer, 
it was noted that percussion in the epigastric region revealed a localized point 
of tenderness. This area, in size no larger than a half dollar, was definite in its 
demarcation from the remaining relatively insensitive epigastrium. A ten- 
der point in the epigastrium similar to the above has been mentioned by 
Mac Lean, Crohn, and Bolton in writing on the physical diagnosis of ulcer. 
Bolton called it the “Iivperalgesic Point.” To elicit, percussion tenderness, 
fairly heavy percussion is made on the relaxed epigastrium of the supine 
patient. If a point of definite and sharply localized tenderness is not found, 
percussion is repeated after the patient has been asked to inspire and -hold the 
breath in deep inspiration. In calling this sign “positive” it is essential to 
observe that the tenderness must be definite and sharply localized in area. 
Patients having slight, absent, or mild diffuse tenderness, are considered 
“negative.” 

The mechanism involved is not entirely clear. It is probable that in per- 
cussing, the plexor impulse is transmitted by vibration through the abdominal 
wall and intermediate tissues directly to the inflamed region surrounding the 
ulcer base. This vibratory impulse affects the inflamed nerves already under 
tension in the indurated tissues around the ulcer. It is also possible that the 
intragastric pressure and the tissue tension may be increased directly or re- 
flexlv by this maneuver. This sudden mechanical disturbance results in the 
production of momentary pain directly under the pleximeter finger. The use 
of percussion in the erect position as a diagnostic measure in ulcer has been- 
described by Erlilicli in 1923 and Kolm in 1928. 

Ninety-nine patients were examined for tenderness to percussion using 
the technic just described. A pewitive reaction was found in most patients 
examined during the stage of ulcer activity. Patients examined in the remis- 
sion or inactive, symptom-free’ stage of the disease were usually negative to 
‘ 1 percussion tenderness. ’ ’ 
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The statistics are as follows : 

Fifty-five (4G per cent) observations were made while the patients were m the 
active symptomatic stage of the disease. Forty-seven (85 per cent) of these re- 
sponded positively when examined by percussion tenderness. Only 8 (15 pci cent) 
active cases were negative to percussion. Six of these were hyposensitive 
when examined by Libman’s test. In these individuals, possessing apparently 
a high threshold of pain sensitiveness, it is likely that percussion is an made- 
quate stimulus for eliciting pain. 

Arbitrarily we considered that one week or longer of freedom from ulcer 
symptoms placed the patient in the remission or inactive stage of the disease. 
Sixty-five (54 per cent) patients were examined while symptoms were not ac- 
tive. Some of these had previously been examined in the active stage. Of 
these 65 inactive cases, 46 (71 per cent) were negative for “percussion ten- 
derness.” Despite inactivity at the time of examination, 19 (29 per cent) 
showed positive “percussion tenderness.” Many of these had been recently 
active (one to four weeks previously). It is possible that the pain producing 
factor, which can be induced by percussion, is still active despite the absence 


of ulcer symptoms. 

Table II shows tlie relationship of “percussion tenderness” to symp- 
tomatology, the Palmer Test, and pain sensitivity. Patients showing positive 
percussion tenderness usually had typical symptoms (88 per cent). Seventy- 


Taele II 

The Relationship of "Percussion Tenderness” to Symptomatology, Activity, Pain 
Sensitiveness and Palmer’s Acid Test 


Material: 120 Examinations on 99 Cases of Peptic Elcer 


‘ • percussion I 
tenderness” 1 

S Y M PTO U ATOLOG Y 

ACTIVITY 

sensitiveness 

ACID TEST 

Pos, Go (55%) 

Typical 57 (88%) 

Atypical 8 (12%) 

Active 48 (74%) 

Inact. 17 (26%) 

Hypersen. 23 (36%) 
Normal 21 (32%) 
Hyposens. 21 (32%) 

Pos. 20 (45%) 

Neg. 24 (55%) 

it eg. 55 (46%) 

Typical 33 (60%) 

Atypical 22 (40%) 

Active 7 (13%) 

Inact. 48 (87%) 

Hypersen. 12 (24%) 
Normal 14 (26%) 
Hyposens. 29 (52%) 

Pos. 5 (12%) 

Neg. 37 (88%) 


four per cent were in the active stage of the disease at the time of examina- 
tion. The acid test meal was positive in 45 per cent. Sensitivity to pain in 
this group was equally divided into the normal, hyper-, and hyposensitive 
groups. 

On the other hand, of the patients with negative “percussion tenderness,” 
87 per cent were in the inactive remission stage of the disease at the time of 
examination, 88 per cent were negative to the acid test and hyposensitive pa- 
tients predominated over normal and hypersensitive in the ratio of 2 to 1. 
From this study it appears that a positive response to percussion tenderness 
is a valuable aid in the physical diagnosis of peptic ulcer especially in a patient 
with typical ulcer symptoms who is in the active stage of the disease. 
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III, PAIN DUE TO CHEMICAL/ IRRITATION PRODUCED BY HYDROCHLORIC ACID 

As stated above Palmer found that hydrochloric acid produced pain in 
cases of peptic ulcer. Palmer’s technic was carried out. in SO patients. Briefly 
this consisted in evacuating the contents of the fasting stomach and then in- 
stilling 200 c.c. of 0.5 per cent hydrochloric acid through the Rhefuss tube. 
Similar amounts of acid are instilled at half-hourly intervals for a total of 
600 c.c. Pain, similar to usual ulcer pain of the individual, when produced 
within one and one-half hom*s after beginning the test indicates a positive 
response. 

Observations. — Thirty-four patients were examined while in the active 
stage of the disease. Of these 21 (62 per cent) had a positive reaction, that is, 
typical ulcer pain was induced by the acid. Palmer reported that over 90 per 
cent of active eases gave a positive response to this test. Forty-six eases in 


Table III 

Activity of Ulcer Symptoms and Palmer's Acid Test Meal 



ACTIVE STAGE OF TJRCER 

INACTIVE REMISSION STAGE 

Patients Examined 

34 

4f> 

Positive 

21 (G29o) 

3 ( 7%) 

Negative 

13 (3S%) 

43 (03%) 


Table IV 

Sensitiveness to Pain and Palmer’s Acid Test Meal in Active Ulcer Cases 


Positive 


Normal 

Hypersensitive 

Hyposensitive 


palmer test r alm f.r test 


21 Negative 13 

Sensitiveness to Libmari's Sign 

G Normal G 

4 Hypersensitive 2 

11 Hyposensitive 5 


the remission stage were examined by the Palmer acid test. Only 3 (7 per 
cent) gave a positive response (Table III). The pain sensitivity of patients 
with positive Palmer tests was noted. No definite relationship was found in 
this small series (Table IV). 

SUMMARY AND CONCLUSIONS 

1. The role of muscle tension, chemical irritation, and nerve compression 
in the mechanism of ulcer pain is discussed. 

2. The importance in the problem of individual sensitiveness to pain is 
stressed. 

3. Studies in patients with ulcer in the active and remission stages show 
that (a) percussion tenderness (muscle tension and nerve compression) is 
present in 85 per cent of patients during the active period of the disease. This 
is a helpful sign in the physical diagnosis of nicer, (b) Patients with typical 
ulcer history may he hypersensitive, hyposensitive, or normally sensitive to 
pain, (c) Patients with atypical ulcer symptomatology, however, are mostly 
hyposensitive to pain, (d) The Palmer Acid Test Meal (chemical irritation) 
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is positive in the majority of ulcer patients during the active stage and nega- 
tive in the remission stage. 

I wish to express my thanks to Dr. Asher Winkelstein, Chief of the Gastro-Intcstinal 
Clinic of tiie Mount Sinui Hospital, for his suggestions and advice, and to Airs. Beatrice Weil 
for her technical assistance. 
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FOOD ALLERGY AS A COMMON PROBLEM* 


Warren T. Vaughan, M.D., Richmond, Va. 


T HERE are two general types of food allergies, the fortunate and the 
unfortunate. The former comprise those who were lucky enough to be- 
come sensitive to foods which are eaten only intermittently or occasionally. 
They have no difficulty in attributing their untoward symptoms to the correct 
cause. Instinctively they thereafter avoid the offending foods and are relieved 
of their allergic manifestations. As we shall see this forms a large group 
and these “fortunate allergies’' are usually considered nonallergic. 1 

The second or unfortunate group suffer the misfortune of becoming sen- 
sitive to staple foods, foods eaten frequently, usually daily. Chronic exposure, 
resulting in more gradual evolution of symptoms, a realization that in the 
past all of these foods have been eaten with impunity, and an understanding 
that they are not naturally poisonous, all combine to keep the sufferer ignorant 
of the cause of his symptoms. The man who experiences an explosive out- 
break of urticaria with the advent of each strawberry season finds no diffi- 
culty in discovering its etiology. Thereafter he avoids strawberries. His 
friend, with subacute or chronic symptoms and sensitive to wheat is less likely 
to spontaneously discover the source of his trouble. 

The allergic group representing from 7 to 10 per cent of the entire popu- 
lation is recruited chiefly from the unfortunates. 2 The fortunates are usually 
conside red as in the nonallergic group because they have at some time in the 
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past solved their own problem and at the time of questioning they have no 
allergic symptoms. I use the terms fortunate and unfortunate, since so far as 
we know at present it is to a great extent just an element of chance to what 
one will become sensitive. 

Other terms might be equally appropriate, as minor allergy and major 
allergy; or acute and subacute or chronic; or simple and complex. Each of 
these classifications is open to some criticism. It is sufficient that we under- 
stand that in the minor or fortunate group we are dealing with transient or 
passing episodes while in the major or unfortunate group we are faced with 
the problem of an established malady. 

MINOR ALLERGY AND TRANSIENT ALLERGY 

I have felt that we should be able to reach a clearer understanding of 
food allergy were we to direct more attention to an understanding of the 
simple or transient episodic manifestations of the phenomenon. "With this in 
mind I have made a study of a number of so-called nonallergies, searching 
for evidences of allergic reactions in the past. Analysis of only the first 
100 questionnaires has been completed and while the series is not sufficiently 
large to justify final conclusions, the observations are most interesting. 
Among the 100 so-called nonallergies, we found histories of former acute al- 
lergic manifestations in 61 per cent. In an additional 11 per cent the story 
was suggestive but not definite. The remainder were negative. If to the 61 
per cent we add the 7 to 10 per cent of frank allergies, we may infer from this 
series that upward of 70 per cent or more are allergic at one time or another. 
Of the 61 per cent, 46 gave positive histories for food allergy and almost 
without exception they eoidd name the foods causing symptoms. 

A comparison of the foods recognized by the patient as causing minor 
allergy with those found hy testing to he responsible for major allergy is of 
interest (Table I). With the major allergies, I have found by skin tests 3 
that the following foods are chief offenders, in order of frequency; wheat, 
milk, bean, egg, and Irish potato. The minor allergies, on the other hand, 
name the following foods in order of frequency as chief offenders; cucumber, 
watermelon, strawberry, tomato, onion, and cabbage. In this group wheat 
does not appear at all, egg and milk only once, potato and bean only twice 
each. Most of the remaining foods are such as are eaten occasionally 

I find evidence in my studies that the normal physiologic tendency is to- 
ward a gradual loss of specific sensitizations. There has in the past been a 
rather general impression that once one becomes sensitized this specific sen- 
sitization tends to persist throughout life. But students of allergy have in the 
last few years had the opportunity of watching sensitizations appear and dis- 
appear, to be replaced by new ones. Likewise, serial retesting will show that 
foods and other allergens, once positive, sometimes become negative, -while 
others formerly negative become positive. It is but a simple step farther to 
postulate that the natural tendency of specific sensitization is to a gradual 
disappearance. The rapidity of this disappearance depends of course upon 
the degree or intensity of the sensitization and also npon whether the reaction 
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is kept active bv repeated or continued contact with the sensitizing allergen. 
If avoidance of contact could be carried out sufficiently long with every aller- 
gen. the probability is that our sensitizations would eventually disappear. 
New ones of course may take their places. Allergists for example have almost 
universally concluded that food allergy is better handled through the method 
of avoidance than with attempts at desensitization either orally or parenter- 
ally. Prolonged contact intensifies the allergic reaction and delays recover?'. 
I refer here more particularly to food allergy. Perennial pollen desensitiza- 
tion is an apparent exception which, however, I believe that we can reconcile 
to the hypothesis. 

As examples of transient allergy the following may be cited : 

Mr. T. in tlic summer of 1929 experienced attacks of colitis with cramping pains and 
diarrhea each time that he ate peaches. Almonds which belong to the same biologic group 
as the peacb caused the same reaction. One year previously he had experienced typical vaso- 
motor rhinitis each time following the drinking of rye whisky. None of these three ingestants 
produced symptoms prior to or subsequent to these years. 

Mr. H. experienced hives after eating tomatoes during the World War and for two 
years thereafter. Since then he has been able to eat them without reaction, usually eating 
them about twice daily. 

Miss R., aged fifteen, bad had hives at age ten for a period of two months attributed 
to strawberries. She avoided them for a time but can eat them now without difficulty. 

Mr. R. experienced urticaria from strawberries in childhood. He eats them now with- 
out discomfort. 

Mrs. B. found that during one summer watermelon consistently produced vomiting and 
diarrhea, but since then, she has had no trouble. 

Mrs. F. eight years ago found that watermelon produced angioneurotic edema of the 
hands and tongue. Even the juice of watermelon on the hands produced swelling. Water- 
melon now causes no symptoms. 

Miss IV. observed that several years ago strawberries caused abdominal cramps and 
nausea, She avoided them for several years and this year has taken them without discom- 
fort. 

Mrs. M. three years ago had hives in the summer time, cause unexplained. Since then 
she has had no return. 

Mrs. C. experienced eczema in childhood involving the hands only and lasting for three 
months. This was presumably due to chocolate. She hag had no return of trouble until with- 
in the last few months when the eating of chocolate produces urticaria and cardiac palpitation, 
often with headaches. Plums consistently produced diarrhea a year ago-, none before ot 
since. 

Mrs. B. experienced diarrhea from cut com in childhood. She eats corn without 
difficulty now. 

Mr. G. several years ago regularly had sour stomach and heartburn from the eating of 
cucumbers. He now eats them without difficulty. 

The transient allergic rarely needs advice or study by the physician. He 
himself realizes the etiology of his symptoms and cures himself by avoidance. 
Not all lose their sensitization after a period of avoidance. Not a few report 
the reappearance of symptoms each time they eat the offending food. This 
group obtains relief by one of three methods, (a) outgrowing the specific 
sensitization, (b) continued avoidance, and (c) unconscious incidental changes 
in. their routine by which they unwittingly are removed from the causative 
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agent. This happens more frequently in inhalant and contact allergy than in 
food allergy. A lady in her forties had had asthma in childhood which, as she 
stated, she outgrew. She was sensitive to cat hair and remarked that while 
they had had cats in the house in childhood she had always despised them 
and that she had had none for years. She had relieved herself intuitively by 
avoidance. 

MAJOR OR FRANK ALLERGY 

The physician is, however-, more frequently faced with the problem of 
determining the offending food in the major or frank allergic. 

Here several procedures may be followed. Realizing that the frank aller- 
gic is more likely to be sensitive to the foods usually eaten, the staples, the 
doctor may place his patient on an elimination diet or trial diet from which 
the common offenders have been deleted. 4 This would work well were it not 
that in addition to the staples the chronic allergic is also usually sensitive 
to one or more of the infrequent offenders, as is the minor allergic. Since 
these usually show up positive on skin testing, indeed more frequently than do 
the staple offenders, we find it more logical and more frequently successful to 
perform preliminary skin testing on the basis of which infrequent and fre- 
quent offenders may be promptly eliminated without guesswork. It is quite 
true that one may be sensitive to an allergen which fails to produce positive 
skin reaction just as one may show positive skin reaction to an allergen which 
fails to cause trouble. But in the great majority there is a correlation be- 
tween positive skin reaction and symptoms. It has been conservatively esti- 
mated that skin testing will give only 50 per cent of reliable information on 
allergenic foods. 5 But if this procedure diminishes the amount of necessary 
subsequent work by 50 per cent it is well worth employing and is indeed the 
foundation procedure for subsequent investigative super-structure. 

TESTING METHODS 

Sensitization tests may be performed either by the scratch or cutaneous 
method or by intracutaneous or endermal testing or by passive transfer. The 
last is only occasionally required, particularly in the study of infants or indi- 
viduals with such generalized dermatitis that there is not sufficient space for 
skin testing or in those with a general urticarial tendency in which all tests 
show up positive. In this event blood is obtained from the patient, the serum 
is diluted and filtered through porcelain and introduced intracutaneously into 
the skin of the uonallergie recipient. Later, the recipient is tested in the 
passively sensitized sites by the intracutaneous method, with control tests 
applied to areas of his nonsensitized skin. 

The customary procedure in the majority of cases, however, is the scratch 
test and the intracutaneous test. Both have their advantages. The former 
possesses the advantage of safety with the disadvantage of diminished accu- 
racy. The latter is more sensitive but occasionally dangerous because of its 
extreme sensitiveness. Both methods should be combined. If one would avoid 
the rare anaphylactic reaction, one will never do intracutaneous tests without 
preliminary scratch test. This is our routine procedure. As far as foods are 
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concerned, scratch tests are first applied with the individual foods. The posi- 
tive scratch foods arc removed from the intracutaneous test boards and the 
remainder of the series is then l-epeated with endermal tests. In order to re- 
duce the requisite number of intracutaneous tests, group intracutaneous re- 
actions are obtained, using solutions containing two or more allergens grouped 
together in accordance with their genetic or biologic relationships." 

Where intracutaneous tests arc done without preliminary scratch testing, 
the potentialities for untoward reactions are so great that one must use very 
dilute intracutaneous solutions. In this case 1/5,000 concentration is usually 
selected. The intracutaneous test is about 100 times more sensitive than the 
scratch. 7 In our own work I use a scratch concentration of 1/50. If in our 
intracutaneous work we were to use 1/5,000 concentration or 100 times dilu- 
tion over our scratch reaction, we would find that the intracutaneous test is 
no more sensitive than the scratch. This is the advantage of preliminary 
scratch testing. If the scratch reaction has been negative, one can proceed 
intraeutaneously with a solution at least ten times more sensitive. This im- 
plies a 1/500 instead of 1/5,000 concentration. As a matter of fact we have 
no hesitancy in our own work in using 1/250, provided the preliminary scratch 
test was negative. 

In short, if one is using 1/5,000 concentration for intracutaneous testing, 
this is no more accurate than the scratch method. But if one will use a more 
concentrated intracutaneous solution after preliminary scratch testing, re- 
sults will be more accurate due to the finding of an additional number of low 
grade positive reactions. Intracutaneous extracts in which foods are grouped 
in accordance with biologic relationships diminish the requisite number of 
needlings. It is not safe to employ groups in scratch testing since each addi- 
tional food in the group increases the likelihood of false negative reactions. 

As a rule the intracutaneous test will show as positive some of the reac- 
tions that were negative by the cutaneous test. However, not infrequently 
foods and other allergens will show up positive by the scratch method, being 
at the same time negative intraeutaneously. This is another reason why the 
combination of the two methods promotes greater accuracy. 

Assuming that we are dealing with a case of food allergy and that the 
sensitization studies have shown positive reactions, we will proceed to place 
the patient on a special diet from which the positive reactors have been 
eliminated and to which adequate substitutes have been added to provide the 
requisite food values. 


TRIAL DIETS AND THE FOOD DIARY 

If, in a food allergic the program fails of results, the next logical step is 
the trial or the elimination diet. 

The diets that have been proposed in the literature are based on the prin- 
ciple that in major allergy foods more frequently eaten are the more frequent 
offenders, and that these are especially likely to give false negative reactions 
on skin testing. If one will pay attention to the borderline reaction and the 
delayed positive, the latter assumption will not be found to he true as often 
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as is generally believed. But tlie first assumption is quite valid. Series of 
alternative elimination diets have therefore been proposed which provide for 
the elimination of the common ingcstants but which do not take into considera- 
tion the undoubted fact that the major allergic is usually sensitive to one or 
more relatively infrequent foods as well as to one or more common foods. And 
several of the infrequent foods appear on the elimination diets. For this rea- 
son I object to the use of the elimination diets without preliminary skin test- 
ing. Instead, I prefer my trial diet , 3 which, however, must he individualized 
for each patient. It has a double basis, the elimination of staple foods and. 
in addition, the avoidance of those foods to which the patient was found on 
trial to be sensitive. It is built up on a foundation list of foods to which in 
my experience both groups of patients arc infrequently sensitive and to which 
are added other foods to which the patient, has been found by testing to be 
nonsensitive. Naturally, if tlie patient has been found sensitive to a member 
of the foundation list that also is deleted. 

There are a few food allergies in whom the offending food cannot even 
be found after a combination of the sensitization studies and the trial diet. 
In this case the food diary becomes requisite. It is only of value where the 
symptoms are intermittent and I have found from experience that it is much 
more easily followed if the patient is already on a restricted diet such as the 
trial diet. A list is kept, daily, of all foods eaten as well as of any occur- 
rences out of the usual routine of the day. Days on which symptoms are 
manifested are checked and a comparison of these cheeked days with the 
foods eaten on that day and the preceding day and with the events of these 
two days occasionally enables one to determine the etiologic factor. 

Thus we see that the treatment of the food allergic goes along in a logi- 
cal sequence based first upon the sensitization reactions, modified as need be 
by the trial diet, and finally checked, if necessary, with the food diary. 

DISCUSSION WITH THE PATIENT 

I have omitted discussion of the first and one of the most important pro- 
cedures of the examination, discussion with the patient. Note that I do not 
state ‘ ‘ taking the history.” Discussion with the patient in allergy involves 
much more than routine history taking. It is because it should follow as well 
as precede the allergic examination that I discuss it now. Much information 
can often be obtained from discussion with the patient of his past allergic his- 
tory prior to the institution of testing, but a surprising amount of additional 
information is often acquired from a continuation of the discussion after the 
patient has been made acquainted with the list of positive reactions. This will 
refresh his memory on many hitherto unremembered incidents of his past ex- 
perience and will show a surprisingly increased correlation between tlie posi- 
tive skin tests and the patient’s own experiences. Discussion should include 
a careful inventory of tlie family allergic history including not only asthma, 
hay fever and urticaria but also eczema, sick headaches and food upsets. The 
same series of maladies should be investigated in the patient. Also symptoms 
suggestive of allergic indigestion or colitis. One should bear in mind that 
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the manifestations of allergy arc often obscure and bizarre, and one should 
be on the watch for unusual symptoms which can be fitted into the picture, 
both at the time of the preliminary questioning and at the final discussion as 
well as at subsequent follow-up discussions that may be had from time to time. 
The following cases represent some of the unusual manifestations of food allergy . 

A young lady of twenty-four complained of lack of energy. If she stays 
up as late as 11 o’clock she feels dead the next day. She says she could sleep 
indefinitely. However, at night she does not sleep soundly. She had had 
nocturia since childhood. She had had her appendix removed six years pre- 
viously iu an effort to relieve her symptoms and for two months prior to 
examination she had been fed increasing doses of thyroid. Iler metabolic rate 
had been minus 16 and the asthenia has been ascribed to thyroid deficiency. 
However, the thyroid intake had been increased to 12 gr. daily with no im- 
provement hut with symptoms of thyrotoxicosis, daily diarrhea, trembling, 
palpitation, nervousness and vertigo. 

Discussion with the patient brought out that eacli year she had a spell of 
urticaria which she believes is due to strawberries and tomato, that her sister 
develops a vasomotor rhinitis when near eats, and that her brother sneezes 
many times each morning when he arises. She gave only borderline reactions 
to the legumes, chocolate, wheat, banana, and ginger. All medication includ- 
ing thyroid, was discontinued. The foods mentioned were eliminated. Five 
days later she reported that she had more pep than she had had for months, 
and now, five months later, she still reports herself full of energy, free from 
nocturia, sleeping well and relieved of a neuritis that had been bothering her 
for several months. 

Note that she complained of no allergic symptoms. They were brought 
out only after discussion. The following cases also bring out this point. 

A man of thirty-five, complained of a low grade dermatitis of three years’ 
duration, worse in the autumn, of heartburn and constipation, and of easy 
fatiguability. As he said, lie awakened tired in the morning and had to drag 
himself out of bed. He was seeking relief for his indigestion. Discussion with 
him developed that he had had seasonal hay fever in childhood from age eiHit 
to twenty-one and occasional headaches of undetermined origin in childhood. 
In former years before the development of the chronic heartburn, lie had had 
intermittent attacks of heartburn brought on definitely by cucumber tomato 
and strawberry. He was found sensitive to 14 foods including milk, peas and 
beans among the staples and apple, pear, peanuts, celery, cantaloupe, cucum- 
ber, berries, chocolate, tomato and banana among the occasional. On dietary 
restrictions his skin rash, lack of energy and indigestion disappeared, and al- 
though he had been obstinately constipated for years, his bowels became regu- 
lar. Two years later he reported that except for one interval when he had 
strayed from his diet he remained entirely well. 

Miss M. f complained of extreme dysmenorrhea and some low grade indefi- 
nite indigestion. It was found that she sneezed a great deal. Her hay fever 
was not sufficiently severe to justify treatment. She knew the cause to be 
dust. No cause other than a possible allergy was found for her indigestion. 
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Table 1* 

Survey or Allergenic Foods 



POSITIVE REACTORS 

IN MAJOR ALLERGY 
PER CENT 

FOODS BLAMED IN 

MINOR ALLERGY 

POOD 

DISLIKES 

Vegetable Food*: 




Wheat 

24.0 

0 


Rye 

3.5 

0 


Barley 

3.5 

0 


Oat 

4.5 

0 


Rice 

2.5 

0 


Corn 

4.0 

n 


Cocoamit 

5.5 

0 


Pineapple 

1.5 

n 

1 

Onion 

G.5 

;» 

5 

Asparagus 

5.5 

1 

1 

Banana 

4.5 

O 


Ginger 

2.0 

0 


Pig 



1 

Buckwheat 

2.0 

0 


Rhubarb 



4 

Walnut 

3.0 

1 


Pecan 

0 

0 


Spinach 

5,5 

o 

17 

Beet 

0 

0 


Swiss chard 

2.0 

0 


Turnip 

4.0 

3 

13 

Cabbage 

5.0 

8 

11 

Sauerkraut 



1 

Cauliflower 

3.0 • 

0 

4 

Mustard 

5.5 

0 

1 

Radish 

2.0 

0 


Raspberry 

3.0 

0 

1 

Strawberry 

0.1 

10 

2 

Apple 

3.5 

2 

2 

Pear 

3.0 

0 


Almond 

4.5 

1 


Prune 

7.0 

1 


Cherry 

7.5 

1 


Apricot 

5.5 

0 


Peach 

5.0 

o 

i 

Pea 

3.0 

1 

i 

Kidney bean 

12.0 

2 

o 

Peanut 

2.5 

Q 


Blackeye pea 

4.0 

0 

3 

Lima bean 

0.0 

0 


Bean (string) 

3.5 

0 


Lentil 

4.0 

0 


Lemon 

2.5 

0 


Grapefruit 

3.0 

1 

O 

Orange 

5.0 

0 


Grape 

3.5 

0 


Cotton seed 

0.0 

0 


Okra 

2.0 

0 

9 

Cocoa 

4.0 

4 


Tea 

0.6 

0 


Celery 

8.0 

0 


Carrot 

3.0 

0 

30 

Parsnip 

4.0 

0 


Parsley 

0 

0 


Huckleberry 


1 


Olive 



4 

Sweet potato 

1.5 

1 

1 

Tomato 

7.0 

30 

3 

Pepper 

0.6 

3 

3 

Potato 

9.5 

0 

— — . 


•The order in which the vegetable foods appear follows the botanical or genetic class!- 
fleation. 
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Table I* — C'ont’d 



POSITIVE REACTORS 
IS MAJOR Al.LV.ROY 
PER CENT 

foods blamed IK 
mikok allergy 

FOOD 

1)181*1 KKS 

Vegetable Foods: 




Eggplant 

7.0 

0 

o 

O 

Coffee 

7.0 



Pumpkin 

0 

1 

$ 

Squash 

3.b 



Cantaloupe 

5.0 


7 

Pickles 




Cucumber 

2.5 

13 


Watermelon 

0 

13 


Lettuce 

3.5 

0 


Animal Foods: 




Beef 

2.0 

0 


Veal 

2.0 

1 


Milk 

14.0 

1 


Buttermilk 



1 

Butter 



1 

Cheese 


1 

1 

Egg 

9.5 

1 

1 

Chicken 

3.4 

0 

1 

Pork 

1.0 



Lamb 

3.0 

0 

s 

Sea Foods: 




Clam 


1 

2 

Shrimp 


1 


Oyster 




Crab 




Lobster 


1 


Fish 


2 

4 

Herring 


1 

i 

Sardine 


1 


Caviar 



i 

Anchovies 



2 

Miscellaneous : 




Whisky 


1 


Sweets 


3 

1 

Acids 


2 


Meats 


3 


Condiments 


1 


Mavonnaise 


1 


Fruits 


1 

0 

Brains 


0 

5 

Tongue 


0 

2 


hich the vegetable foods appear follows the botanical or genetic class!- 


•The order in 
fication. 


Her chief complaint was dysmenorrhea which she described as intense cramps 
with sometimes, fainting spells on the first and third days. 

She was found sensitive to wheat, cotton seed, corn, and some incidental 
foods and was advised to avoid these during the week prior to, and through 
the duration of her period. She did this with relief of pain. 

Miss II., also subject to ragweed hay fever, suffered from headache over 
the left eye, only during the catamenia. She was also found sensitive to cer- 
tain foods and discovered that by avoiding them during the week prior to and 
throtigli the catamenia she was relieved of these headaches. 
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FOOD DISLIKES 

It has been suggested that a history of food dislikes suggests a sensitiza- 
tion to the undesired food, that dislike for a food to which the patient is un- 
knowingly sensitive constitutes a protective reaction. 8 My own experience 
has been rather the reverse, that most allergies will say that they are very 
fond of the particular food which is responsible for their symptoms. Only 
occasionally have I found evidence of a correlation between dislike and 
sensitization. 

In my series of 100 so-called nonallergies, 46 showed evidence of food ah 
lergy and 66 expressed food dislikes. Most, complained of the taste, some of 
the appearance, and some explained that they continued to taste them for 
many hours after eating. The list of foods disliked is altogether different 
from that of foods causing minor allergic manifestations, and includes, in 
order of frequency, spinach, turnip, cabbage, carrot, okra, lamb and squash, 
with a scattering of others (Table I). 

Pood dislikes as well as food disagreements were usually multiple. In no 
instance was there entire agreement between foods disliked and foods respon- 
sible for symptoms. In four instances one among several foods and in five 
instances two among several foods corresponded in both groups. We may 
conclude, therefore, that while dislikes may occasionally be indicative they 
cannot be relied upon. 

There is an old superstition or better tradition that certain combinations 
of foods which are individually harmless become harmful to certain individ- 
uals in an allergic way. This tradition crops out in my series. Whether it is 
an actual synergism or merely a coincidence remains for future investigation 
to determine. Combinations mentioned are such as milk and fruit, orange 
juice and ice cream, cake and cabbage, fish and milk, deviled crab and ice 
cream. Each of these foods eaten separately caused no reaction nor did the 
individual constituents of the following special dishes to which symptoms were 
attributed : crab flake salad, frozen fruit salad, potato salad. In these salads 
the cotton seed oil presumably present in the salad dressing may have been the 
responsible factor. 

CONCLUSION 

I trust that in discussing these many ramifications of the problem of food 
allergy I have not made it appear diseouragingly complex. It is a complex 
problem which can only he made simple by an adequate understanding of it. 
The points which I have discussed should enable one to avoid most of the many 
pitfalls. Too many doctors and patients alike feel that the skin test is the 
last court and conclude if the results of skin testing fail to relieve, that allergy 
is not a factor. 

I would emphasize particularly the need for frequent follow-ups, particu- 
larly in those who are not doing as well as one thinks they might. It is sur- 
jirising how often new factors are found to crop up. The variability in sensi- 
tization from time to time and the factor of interaction with nonspecific causes 
are chiefly responsible for this. One should bear in mind at all times that the 
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allergic state is never static. It is intimately bound up with the problem of 
nutrition and indeed with the biochemical activities of the process of life 
itself. Representing as it does changing responses to a changing environment 
it is not at all surprising that supervision must often be continued over a pro- 
longed period before all factors are finally brought under adequate control. 
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THE INACTIVATION OP GROWTH HORMONE* 


As a Result of Inadequate Refrigeration 


H. S. Rubinstein, M.D., Baltimore, Md. 


I N CARRYING out experiments dealing with the brain weight-body weight 
ratio 1 it became necessary to nse anterior pituitary extracts as growth stimu- 
lators. In the course of this work it was found that while fresh extracts pos- 
sessed this quality, the effect was lost when refrigeration was inadequate. It 
is the purpose of this communication to report on the inactivation of growth 
hormone as experienced in this laboratory. An extract of the anterior lobe of 
the pituitary gland was prepared by a modification of the Putnam, Teel and 
Benedict 2 technic so that 2 c.c. of the final product represented one gram of 
the fresh anterior lobe. Such extract when used fresh showed a definite 
growth-stimulating effect. 1 When ready for use as fresh extract this prepa- 
ration was distinctly alkaline to phenolphtkalem and possessed a P H of 8.3. 

Twenty-one adult female white rats (Mns norvegicus albinus) were used 
in these experiments and these were arranged so that only litter mates were 
used as controls. Litters were used which contained four or five females of 
which two received growth hormone, one received no injections, and the re- 
maining one or two, injections of meat extract. 

land. SchSn of e Med 1 cmo Anat ° miCal Laborator > - Department of Anatomy. University of Mary- 
Received for publication, November 19?,2. 
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Upon intraperitoneal administration of this cxtiTict in tiie dosage of 2 c.e. 
daily (except Sunday) growth effects became quite noticeable. The controls 
injected with meat extract and those uninjectod failed to increase in size. 

It was found, however, that after a growth increase for two or three weeks 
the rats injected with the same preparation began to lose weight. A fresh ex- 
tract, alkaline in reaction, was substituted and the next week the animals 
again gained weight. This weight increase and subsequent weight loss was 
noted repeatedly showing that the growth-stimulating effect of the extract 
used was lost after two or three weeks (Chart I). 

A study of the inactivated extract revealed that its alkalinity had de- 
creased to such an extent that it was no longer alkaline to phenolphthalein. 



CKAhT 


I. 


Orcush Hoiv.crg 
tfea t Extract 
Control 


Cray n shoving the 
effect of acidic 
growth ror-one on 
the groi.th curve. 


One of the animal groups which had reacted alternately by growth in- 
crease and weight loss was then subdivided into two. To one of these the 
acidified extract was continued ; to the other, a fresh alkaline preparation was 
administered (Chart II). 

It was noted that the animal receiving fresh extract again gained weight 
while the animal which was continued on acidified extract failed to show any 
gaiu. Some of the animals receiving acidified extract actually lost weight 
after a previous increase had been noted (Charts I and II). It was also found 
that the addition of sufficient alkali to restore the original P H after acidity 
had occurred failed to restore the potency of the extract. This failure was to 
he expected, since if addition of alkali to acidified extract could restore 
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potency, tlic buffers of the blood should be sufficient to produce this alkalinity 
and growth would be obtained even after acidity had occurred. 

In order to prevent the use of inactivated (acidic to phenolphthalein) 
extract, it was found advantageous to add an indicator to the growth hor- 
mone preparation. Accordingly, two drops of a 1 per cent alcoholic phenol- 
phthalein solution were added to each 30 c.c. of the pituitary extract and 
preparations were used only as long as they retained a pinkish tinge. 

Where an extract is made and immediately placed on ice, its potency lasts 
for several months, but where refrigeration is imperfect as in those instances 
where the extract, has to he shipped it appears that an indicator is of value. 



SUMMARY 

1. Alkaline extracts of the anterior pituitary gland become less alkaline 
as a result of imperfect refrigeration. 

2. This decreased alkalinity inactivates the growth hormone. 

3. Adequate refrigeration decreases the rapidity of inactivation. 

4. The adjustment of P H after inactivation, fails to restore the potency of 
the extract. 

5. Phenolphthalein added as an indicator serves as an index to the al- 
kalinity of the preparation which must be maintained if the extract is to re- 
main potent. 

Tl>c author is greatly indebted to Dr. Car] L. Davis, bead of this Department at whose 
suggestion tilts paper was written. ’ 
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THE TREATMENT OP BRONCHOPULMONARY SUPPURATION OP 
FUSOSPIROCHETAL ETIOLOGY WITH SMALL DOSES 
OP NEOS ALVARS AN * t 


H. I. Spector, M.D., St. Louis, Mo. 


F USOSPIROCHETOSIS is gradually gaining recognition as an important 
factor in bronchopulmonary pathology. Receiving its first, clinical recog- 
nition in Ceylon, India, in 1906, by Castellani, 1 who described it under the 
name of “bronchopulmonary spirochetosis, ” it has, through its cosmopolitan 
character, gained the attention of -clinicians the world over. 

It is with the hope of stimulating further study in regard to treatment of 
this deseiwing subject, that an attempt is made to relate the experiences gained 
from a study of 25 cases of acute and chronic bronchopulmonary suppuration 
in whose sputum, spirochetes, fusiform bacilli, vibrios, and other anaerobic or- 
ganisms were repeatedly found. 

To begin with, it should be stated that about 80 per cent of normal mouths 
and practically all pyorrlieic mouths harbor anaerobic organisms, particularly 
spirochetes. These organisms are found about the teeth, tonsils, and adenoids, 
as pointed out by Davis and Pilot, 2 Carpenter, 2 and others. 

That the buccal anaerobes may produce serious diseases was called to our 
attention by Plaut 4 in 1894 and Vincent 3 in 1896 when they pointed out the 
relationship of these organisms to Vincent’s angina. That aspiration of oral 
contents into the lungs can easily take place has been demonstrated in animal 
experiments by Kline, 0 Smith, 7 Crowe and Scarff, 8 Allen, 0 Hedblom, Joannides 
and Rosenthal, 10 Harkavy, 11 Sclilueter and Weidlein, 12 Bethune, 13 and clini- 
cally, by Myerson, 14 Daily and Daily, 15 Iglauer, 10 and Ochsner. 17 ' 

There lias been considerable discussion as to whether or not the aspirated 
mouth organisms are merely saprophytic contaminants of the tracheobron- 
chial tree or actual pathogens. There is a growing belief that a previous pyo- 
genic infection may prepare the way for the action of the anaerobes in sym- 
biosis and contribute to the pathogenicity of the lesion. 

Predisposing factors of bronchopulmonary spiruchetosis are poor hygiene 
of mouth, such as pyorrhea alveolaris, carious teeth, infected tonsils and ade- 

♦From the Department of Internal Medicine, Chest Division, St. Louis University School 
of Medicine. 
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noids, infected sinuses, and Vincent’s angina. Operations on the upper re- 
spiratory tract or operations in general under deep anesthesia may predispose 
to the development of the condition. General debilitating diseases such as 
diabetes, pulmonary tuberculosis and cancer may be associated with the con- 
dition. The existence of previous bronchopulmonary pathology such as chronic 
bronchitis and emphysema, bronchiectasis, and chronic fibrosis of the lungs in 
general, may predispose to the development of bronchopulmonary spirochetosis. 


TREATMENT 


From the preceding discussion it is evident that mouth hygiene is one of 
the indispensable measures in the prophylactic control of this condition. Car- 
, penter 3 states that patients without teeth and tonsils only occasionally harbor 
spirilla, and suggests the thought that to eradicate fusospirochetal diseases 
from the human race, we must remove all teeth, tonsils, and adenoids. 

A review of the literature reveals tire following general procedures avail- 
able for the treatment of acute and chronic suppuration of the lung: (a) 
Prolonged bed rest, (b) bronchoscopy, (c) pneumothorax, (d) oleothorax, (e) 
plirenioectomy, (f) incision and drainage, (g) thoracoplasty (partial or com- 
plete), (li) lobectomy and cautery pneumectomy, (i) heliotherapy, (j) trans- 
fusions, (k) vaccine therapy, and (1) medicinal measures. 

A study of the literature reveals that many drugs have been recommended 
for the treatment of this condition, such as tartar emetic, iodine, antimony, 
emetine, bismuth, and the various arsenicals such as sulpharsphenamine, sal- 
varsan, and neosalvarsan. Vincent 18 also reported the use of a serum for the 
treatment of gangrene. 

It is the purpose of this paper to limit the discussion to the value of the 
arsenicals in general and neoarsphenamine in particular in the treatment of 
suppuration of the lungs of fusospirochetal origin. 

It is amazing to find that until very recently most writers actually failed 
to mention the arsenicals in their discussion of treatment of suppuration of 
the lungs. 

Due to the accumulation of evidence strongly pointing to the potential 
pathogenicity of the mouth organisms, and due to the possibility that the 
various forms of acute and chronic suppuration of the lungs may merely rep- 
resent different phases of the disease fusospirochetosis, 10 more attention is 
being given to the drug. Some physicians believe in its specificity, others fail 
to see any value in its use. On the one hand, we find Kline and Berger 20 who 
state, “Arsphenamine therapy is apparently as specific in this as in other 
spirochetal infections.” On the other hand there is Miller 21 who states, “Spe- 
cific tlierapj , particularly arsphenamine, is by no means regularly success- 
ful. In fact, in my experience, it rarely has proved to be of real specific 
value. ’ ’ 


Why these opposing views, is a question that immediately confronts one 
and tempts one to speculate for a possible answer. It is interesting to note 
m this connection that to date one fails to find in the available literature any 
scientific discussion of dosages, frequency of administration, and reasons ‘for 
favorable or unfavorable results in the treatment of suppuration with arseni 
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cals. Some writers merely mention the cling without qualifying the dose; 
others content themselves with the statement that the dosages used are the 
same as in syphilis; while still others advocate intensive doses such ns 0.6 to 
0.9 of a gram of neosalvarsan. 20 

The value of large doses of arsenieals in the treatment of suppuration 
was first questioned by me 2 '- about three years ago when neosalvarsan was 
used by me in two cases of abscesses complicated by gangrene. The initial 
dose used in each patient was 0.3 gm. In each instance unfavorable reac- 
tions followed the administration of the drug; the temperature rose to a 
higher level, dyspnea was more marked, and the sputum became more foul. 
Both patients gradually became worse and died within a few days. The op- 
portunity to investigate the possible value of small doses of neosalvarsan in 
the treatment of this condition did not present itself until October, 1930, 



Fip. 1. 


when three of the patients with acute suppuration of the lungs failed to show 
improvement, and were definitely worse after a reasonable time of treatment 
with conservative measures. However, before instituting radical treatment 
which seemed almost compelling, it was decided as a last conservative meas- 
ure, to use neosalvarsan in small doses. 

To evaluate properly the results obtained with this drug in small doses 
curtailed case histories of the three patients will be helpful. 

Case 1. — L. P., white boy, thirteen years of age, admitted to St. Mary’s Infirmary (a 
part of St. Louis University group of hospitals) on Sept. 29, 1930, six days following the 
removal of his tonsils and adenoids under general anesthesia. On September 27 he had 
a sudden severe pain in left chest region, followed by fever, cough, and vomiting. On the 
day of admittance, the sputum became slightly foul. The white count was S200, red count, 
4,525,000, and hemoglobin 90 per cent. The temperature was 103°, pulse 120, and respira- 
tions 28. Sputum was negative for T.B., positive for elastic tissue, and sputum culture re- 
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vcaled pneumococci, streptococci, Micrococcus cahirrhalis, and a gram-negative rod. There 
was a marked shift to the left with the Arncth Schilling methods The blood sedimentation 
rate 21 was rapid and the Wasscrmann was negative. Physical examination revealed dullness 
and diminution of breath sounds and inconstant posttussivc clicks in region of left apex. A 
diagnosis of lung abscess was made which was confirmed by a .roentgenogram (Fig. 1). 



Fie. 2. 



FIs. 3. 


The patient was treated conservatively with bed rest, postural drainage, and symptomatic 
treatment. However, m spite of this treatment he became definitely worse. On the twelfth 
day after admittance, the sputum assumed a grayish greenish appearance, became definite^ 
bloody, and very offensive in character. The temperature at this time was 104° 
and respirations 48, and the white count rose from 20,100 on the twelfth IV n i l 
33,800 on the sixteenth of October. At this time the patient was al'o haVnz a h V* t0 

A diagnosis of beginning gangrene was made. On the twenty-seventh of n t * emorrba S°- 
field examination of the sputum revealed numerous 
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October, four necks after admittance, lie was given 0.0.1 of a gram of neosalvarsan in- 
travenously, and twenty-four hours afterward, there was a drop in fever to 101° and in 
forty-eight hours to 90° as seen in Tig. 2. With this drop in fever general improvement 
was noticed. The sputum diminished in quantity and was no longer foul. Patient was given 
0.1 gm. of neosalvarsan on the first and fourth of November, 1930, and was discharged on 



Fig- A. 



Fig. 5. 


Jan. 2, 1931 very much improved. He was observed in the chest clinic until cured as seen 
in roentgenogram (Fig. 3). A reexamination on Jan. 7, 1932 revealed that the patient- re- 
mained well. 

Case 2. — P. L., white male, aged twenty-six, admitted to hospital on Oct. 10, 1930 
complaining of pain in right chest region, cough, loss of weight, tired feeling, fever, and 
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sweats, all these symptoms having been present since onset four weeks prior to his entrance 
into the hospital. He noticed no improvement while at home despite the fact that he was 
kept at complete bed rest. Temperature at entrance was 101°, pulse 120, respirations 24, 
W.B.C. 12,400, R.B.C. 4,830,000, hemoglobin 88 per cent. Arneth Schilling count showed 
a marked shift to the teft. Sedimentation rate was rapid. Nonprotein nitrogen 20, blood 
sugar 98, IVassermann negative, urine negative, sputum negative for T.B., but revealed 
streptococci, pneumococci, Micrococcus catarrhalis, and gram-negative rods. Physical exam- 
ination revealed definite limitation of motion on the right side, dullness and diminution of 
breath sounds and scattered indefinite rales from the fourth vertebral spine to base of right 
lung posteriorly. A roentgenogram (Fig. 4) showed an increase in density at base of right 
lung. A diagnosis of suppurative pneumonitis was made. 

Patient was at first treated conservatively, hut no improvement was noted after twentv- 
fivc days of such treatment. The afternoon temperature varied from 101 - to 102°, pulse 
100 to 120, and respirations 24 to 30. A roentgenogram showed a definite extension of 



Fiff. 6. 


the process. Repeated dark-field examinations of sputum at this rime revealed fusiform 
bacilli. On Nov. 5, 1930, twenty-five days after admittance, he was given 0.13 gm. neosalvarsan 
and within twenty-five hours, subjective improvement was noticed and also a temporary 
drop ui the fever to 99.6°. Three-tenths grams of neosalvarsan was then given on Nov, 9, 
1930, after which time the temperature again dropped temporarily to 100° as seen in Fig ? 
3. On November 22, thirteen days after, the second dose, 0.45 gm. of neosalvarsan was 
given after which time the temperature dropped to normal and the patient improved steaflilv 
to complete recovery as seen in Fig. 6. 

Case 3.— R. D., white female, aged twenty-seven, admitted to hospital on Nov 3 1930 
With the following complaints: Weakness, loss of strength, pains in chest and lumbar 
region, chills and fever, shortness of breath. She was delivered of a baby two months nrior 
ri> her entrance. A month following delivery she began to have chills followed by fever 
Two weeks before entrance she began to have daily chills. Her physician diagnosed her 
condition as malaria, and she was treated for this condition. Failing to improve she entered 
the hospital. Temperature varied from 97= in a.w. to IONS’ in p.m, p uIse , from 90 to 130 
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and respirations, from 20 to 2S. AV.B.C. 11,500, li.B.O. 3,470,000. Hemoglobin So per cent. 
Urine (noncathoterized) specimen showed 2-phis albumin, and a few pus cells. Cntheterized 
specimen showed urine to be negative. Urine culture was negative. A Schilling count showed 



Fig. 7. 



Fig. S. 


a shift to left and was negative for malarial parasites. AVassermann was negative. Is on- 
protein nitrogen was 2 9. Blood sugar was 91. Blood culture was negative. Stools revealed 
a yeastlike organism. Sputum showed numerous spirochetes and fusiform bacilli with the 
carbolfucbsin stain. Physical examination revealed the essential pathology to be in the 
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cliest as follows: Dullness on percussion in lower one-third of both lungs, but especially on 
the left side. Harsh breath sounds in lower half of both lungs especially pronounced on left 
side. Scattered fine posttussive rales in lower half of both lungs. Bronchial breathing 
opposite sixth vertebral spine on the left side. Gynecologic examination by the gynecologic 
department failed to reveal any pathology in the pelvis to explain the chills and fever. A 
roentgenogram (Fig. 7) revealed a small area of density at base of left lung close to heart 



Fig. D. — Anaerobes from a spirochetal empyema. 



Fig. 10. — Anaerobes from the sputum of a case of spirochetal abscess. 

and one suspicious shadow in second interspace. A diagnosis of multiple lung abscesses 
seemed to he justifiable under the circumstances. 

Patient was treated for possible pyelitis with no results. Neosalvarsan was giver, 
0.15 gm. on November 10, and temperature dropped to 102° the next day; the chills did 
not recur. In forty-eight hours the temperature dropped to 100°. Two-tenths gram was 
given on November 15, five days after first dose, and temperature dropped to normal the 
next day and remained normal as seen in Fig. 8. Clinical improvement was very rapid 
Patient niado a complete recovery later. In answer to a follow-up letter that was’ sent 'o 
her on .Tan. 2, 1932, she stated that she had remained well. 
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to large doses. The report of the Salvarsan Council of Great Britain 30 and the 
recent article by Cole 31 and coworkers definitely points to the fact that acci- 
dents in the treatment of syphilis are most common when large doses are used. 

The most important proof in favor of small doses, however, is the experi- 
mental work of Toyama and Kolmer 33 who have shown that large doses of 
either arsphenamine or mercury directly interfere with the nonspecific de- 
fense, and diminish the production of agglutinins and lysins with which the 
body carries on its own defense against the invader. On the other hand, 
minute doses have a definitely stimulating effect on the patient and seem to 
encourage the formation of agglutinins and lysins. 

In summarizing the possible action of small doses of neosnlvarsan in the 
treatment of fusospiroclietosis, it is conceivable that the salvarsan. through its 
specific spirillieidal action, kills the spirochetes, and through its nonspecific 
tonic action stimulates the formation of agglutinins and lysins which in turn 
destroy the other members of the symbiotic group. 

I am greatly indebted to T)r. G. O. Broun. Dr. It. Kinsella and Miss 12. MeGarry for 
tlieir assistance and encouragement in this work. 
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THE GROWTH OP PATHOGENIC BACTERIA IN IMMUNE BLOOD* 


Frederick W. Shaw, M.D., Richmond, Ya. 


W HEN one consults a text on the cultivation of pathogenic microorganisms 
from the blood stream, it is generally stated that the procedure consists 
of withdrawing from 10 to 20 c.c. of blood from a vein and injecting this into 
50 to 100 c.c. of broth culture medium, and that this large quantity of culture 
medium is necessary to dilute the antibodies in the serum, the antibodies being 
bactericidal. The directions, also, generally state that 5 c.c. of blood may be 
added to 10 e.e. of melted agar culture medium and plated. Other procedures 
may call for the addition of the blood to citrated or bile culture medium, the 
addition of these agents to the broth culture being to destroy the bactericidal 
action of the blood, particularly the serum. Stitt 1 gives the following technic : 
“As a receptacle for the blood we employ Erlenmeyer flasks of 100 c.c. capac- 
ity, containing 10 to 25 c.c. of salt solution with 1 or 2 per cent of sodium 
citrate, for prevention of coagulation. In this way we may take from 10 to 
25 c.c. of blood. For plates add 2 or 3 c.c. of this citrated blood to 6 or 8 c.c. 
of melted agar at 45° C. Finally we place the receiving flask in the incubator 
and culture it as well as the other media. Some organisms do not develop in 
this citrated blood, possibly on account of the blood concentration. This can 
be avoided by adding 50 to 75 c.c. of bouillon to the citrated blood remaining 
in the flask. For culturing blood in septicemic conditions use at least ten 
times as much bouillon as blood.” 


•From Department of Bacteriology and Parasitology Medical College of 
Hecelved for publication, December 1, 1S32. 


Virginia. 
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Muir and Ritcliie* state: “In making blood cultures in order to detect 
the presence of enteric bacilli 5 c.c. of blood are added to 10 c.e. of sterilized 
ox bile or 50 c.c. of a 0.5 per cent solution of bile salts in 3 per cent sodium 
citrate. In examining for other organisms, e.g., streptococci, 5 or 10 c.c. of 
blood are added to a large quantity of fluid medium (100 c.c. or more).” 

Clawson 3 draws 50 c.c. of blood and distributes this in two tubes and al- 
lows the blood to clot. The serum is withdrawn and the clot removed to 250 
c.c. of dextrose beef infusion broth. lie states that the firm clot seems to 
favor a paidial anaerobic culture, and at the same time any antibodies that 
may be present ai - e diluted in the fluid medium. 

Cecil, et al.* withdraw 20 c.e. of blood and divide into two tubes. After 
the clot has formed the scrum is withdrawn, the clot broken and transferred 
to 50 c.c. of beef heart infusion broth. This procedure is used to rid the 
culture of antibodies. 

Mcsnil 5 reported, in 1898, that the serum of rabbits which bad been im- 
munized against Bacterium crysipclatis suum makes an excellent medium for 
the culture of this microorganism. 

Bridre and Jouan 0 showed that the observation of Mcsnil was also true 
in regard to horses, and that the Bad. crysipclatis suum grew better in the 
immune serum than in the serum of normal horses. These authors found that 
the growth in the bouillon which contained the immune serum (10 to 20 per 
cent) was about six times as great, as that containing an equal amount of 
normal horse serum. 

This phenomenon was studied by Nicolle and Ccsari. 7 These authors found 
that the best culture medium was one made of Martin’s bouillon 9 parts and 
immune serum one part. The organisms studied were anthrax, tetanus, gono- 
coccus, diphtheria, typhosus, paratyphosus A, and pneumococcus Types I, II 
and III. All of these bacteria grew more abundantly in the medium contain- 
ing the homologous immune scrum. The growths of the gonococcus and the 
pneumococcus Avere not as readily apparent as the growths of the other 
microbes, but there was some better growth in the medium containing the im- 
mune serum. Some of the organisms grew so abundantly as to form a scum 
on the surface of the medium; such does not occur in the ordinary culture 
media. 

The phenomenon that concentrated immune serum is not bactericidal in 
vitro has been known for years. This is called the “phenomenon of Neisser 
and. "Weclisberg.” These authors found that there was no bactericidal action 
on the typhoid bacillus when the typhoid immune serum was added to an equal 
amount of a typhoid culture, but that there was a bactericidal effect when the 
immune serum was diluted, and that this effect was lost when the dilution 
reached a certain figure. 

Relative to this phenomenon Muir and Ritchie,- page 209, state: “it is 
to be noted that in the case of a bactericidal serum there is an optimum amount 
of immune-body which gives the greatest bactericidal effect with a given 
amount of complement. If this amount of immune-body by exceeded, the bac- 
tericidal action becomes diminished and may be practically annulled. This 
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result, which is generally known as the ‘Neisser- Weeks!) erg phenomenon/ has 
been the subject of much controversy, and cannot yet be said to be satisfac- 
torily explained; it is apparently of the nature of a 'zone phenomenon/ ” 

Bolton 8 found that normal serum may kill relatively more bacteria when 
diluted than when undiluted. 

Neisser and Wechsberg 0 state that if the immune serum be greatly diluted 
its action is changed and it loses its general bactericidal power and develops 
a marked increase in the destructive action upon the homologous organism. 

EXPERIMENTAL 

In order to test out some of the above statements rabbits were immunized 
with B. typhosus, B. abortus, and a streptoeoeeus. The titers of these sera were 
1 :6400, 1 >3200, and 1 :100 respectively. The sterile sera were placed in sterile 
tubes and inoculated with the homologous organism. The growth was profuse 
in all of the cultures. Blood was also withdrawn from each rabbit and de- 
fibrinated by the use of a sterile Erlenmeyer flask which contained broken 
glass ; a separate flask was used for each rabbit. Each defibrinated blood was 
inoculated with its homologous organism. The organisms grew abundantly 
in these media. 

The blood serum of a patient having a titer of 1:25000 for B. typhosus 
was available, at this time, as was the organism isolated from the patient. The 
undiluted sterile serum was inoculated with the homologous organism. The 
organism grew so abundantly that it formed a scum on the surface of the 
medium. The growth was so rank in the three tubes which were used that 
it was at first thought that the serum was contaminated. This experiment was 
repeated with other strains of B. typhosus and the same phenomenon occurred. 
Other cases of typhoid fever became available as time went on and this same 
procedure was followed with the same results. 

It was decided to apply the above facts to the isolation of microorganisms 
from the blood stream, i.e., blood cultures. The technic consisted of withdraw- 
ing 20 c.c. of blood and discharging 5 c.c. into each of two culture flasks con- 
taining 50 c.c. of veal heart infusion broth, and the remaining 10 e.c. were dis- 
charged into an Erlenmeyer flask of 50 e.c. capacity containing broken glass 
(glass beads may be used) to defibrinate the blood. In several experiments a 
100 c.c. flask was used and 20 c.c. of blood placed in the flask. The flask con- 
taining the defibrinated blood was placed in the thermostat like any other 
culture. The flasks were examined and transplants made as usual. 

It is apparent that there are but a given number of bacteria per cubic 
centimeter of blood in a blood stream infection, and in carrying out an inves- 
tigation with standard methods for controls it is possible that the bacteria 
may be present only in the blood discharged into the defibrinating flask; it is 
likewise possible for the organism to be discharged from the syringe only into 
one of the flasks containing the broth ; however, no culture, to date, has' been 
obtained in the broth and not in the defibrinated blood, while the reverse has 
occurred on a number of occasions. 
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Tlie following organisms have been isolated from the blood stream by the 
defibrinated blood technic: J>. iyphosits, B. para typhosus /», B. abortus , gono- 
coccus, M. catarrhalis , and streptococcus, 

COMMENT 

The literature on the methods of taking blood cultures assumes that whole 
blood is bactericidal, due to the serum. The work of Ncisser and "Wcchsbcrg 
shows that this is not the case. This is further substantiated by the work of 
Nicolle and Cesari who found that the immune serum stimulated the growth 
of the homologous organism. It appears to me that it is but logical to assume 
that such would be the case, inasmuch as the infecting agent is living in the 
blood stream, or at least in the tissues served by the blood, and that in vivo, 
at least, this makes a most excellent medium; a better medium, perhaps, than 
the blood of a normal animal, or individual in the ease of human beings. The 
above experiments seem to bear out this assumption. 

The work of some investigators would indicate that the bactericidal zone 
of the serum is that in which most of the cultures are diluted in the standard 
methods. Due to the number of positive cultures obtained in this zone, it. ap- 
pears that the bactericidal zone varies widely. 

The use of deftbrinating flasks for blood cultures simplifies the taking of 
these cultures and gives a satisfactory medium for the infecting organism. 
The defibrinated blood may be covered with a layer of oil for the cultivation 
of anaerobes, although, experimentally, anaerobes were grown in the defibri- 
nated blood without oil by using a small flask and withdrawing an extra 
amount of blood to give extra depth of medium for anaerobic conditions. 
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LABORATORY METHODS 


AN AUTOMATIC AND GRAPHIC METHOD OF RECORDING DIURESIS* 


AY. E. Gower. Chicago, III., and J. vax de Erve, Charleston-, S. C. 


I N CONNECTION with experiments on the relationship of diuresis to recov- 
ery from barbital poisoning reported elsewhere by ns , 1 we looked about for 
a suitable method for recording the rate of urine flow from barbitalized dogs 
over an extended portion of the recovery period. The nature of the experi- 
ments was such that it was necessary to know whether a given urine volume 
collected over an eight- to twenty-four-hour period represented uniform renal 


n 



Fig. X- — Apparatus for recording the rate of urine output- For explanation see text. 

performance over the entire period or an increasing, decreasing, or fluctuating 
rate of flow. To suit our needs the record should be condensed, graphic, con- 
tinuous, and automatic to the extent of not requiring constant or even exactly 
periodic attention on the part of the laboratory staff, and should permit fairly 
aceurate calculation of the rate of flow for any increment of time. None of 
the existing devices with which we became familiar answered these require- 
ments and the success of the method to be described was sufficient, perhaps, 
to warrant description. 

ond « JunTvorsav ormaca|o? f Phys, °' 0 ^' ° r the State of South Carolina 
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The female dogs used in these experiments were prepared hv perineorrha- 
phy so that the urethra was easily accessible for catheterization. In most of 
the experiments barbital anesthesia was obtained before the records were 
started, but a few records were made in nonanesthetized animals trained to 
lie quietly and submit to the administration of fluids and diuretic or anti- 
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diuretic principles. Under tlie experimental conditions the rates of urine 
flow varied from less than 2 to over 60 c.c. of urine per kilogram per hour in 
animals weighing from 5 to 20 kg. 

In principle, the method consists of collecting the urine through a reten- 
tion catheter adjusted in the bladder into a cylinder containing a float, the 
rise of which is recorded by means of a suitable lever sjstem and writing 
point on a smoked drum moving about 2*A em. per hour. At the top of the 
excursion the cylinder is automatically emptied, returning the writing point 
to the base line for another trip. 

The method allows of considerable variation and refinement. Our ar- 
rangement is diagrammed in Fig. 1, showing three npright parallel cylinders 
with communication at their bases, one for receiving the nrine, one for operat- 
ing the float, and a third for emptying the apparatus intermittently by siphon. 
Each excursion represents approximately 35 c.e. of urine. For clearness of 
illustration it is represented as being an all glass one piece apparatus ; actu- 
ally it was assembled by means of T-tubes, rubber tubing and glassware as 
found in the average laboratory. 

In the use of the apparatus the greatest technical difficulty encountered 
is in tlie adjustment of the siphon to empty the cylinders with uniform excur- 
sions and nrine volumes, and an electromechanical arrangement may eventu- 
ally prove more satisfactory. The tendency for a few drops of liquid to 
become dispersed along the siphon tube ancl hv tlieir weight cause prema- 
ture emptying, is reduced by extending the siphon tube with a larger glass 
or rubber extension to a flask several feet below the level of the table or on 
the floor. This extension accelerates the emptying process by the greater 
pull of the longer liquid column, draws fewer interspersed drops of fluid into 
the constricted upper portion of the siphon tube, and those lodging in the 
expanded portion drain down the walls of the tube establishing an air column 
without tendency to start the emptying mechanism. Before each experiment 
we have found it best to adjust the writing point to the newly smoked drum, 
and by introducing water into the apparatus, produce several satisfactorv 
excursions before starting the record. 

Three typical records of urine flow are shown in Fig. 2. These experi- 
ments are discussed in the .paper previously referred to. Occasional right 
angle steps in the urine records are artefacts due to imperfect adjustment of 


, ne. 2.— Graphic records of urine flow recorded by apparatus shown in Fig 1 
of animal: 11.9 kilograms. Dose of sodium barbital: 4.0 grams given intravenouslv 
cent aqueous solution on each occasion. 


.. Weight 
in 10 per 


KET: X. Record of urine flow from 10:45 A.M. to 10 r.si. Apr. 10. 1931. 
A 500 c.c, 0.9 per cent sodium chloride solution by stomach tube. 

* Injection of sodium barbital. 


II. Record of urine flow from 11 a.m. Apr. it, 1951 to 1 
* Injection of sodium barbital. 

O Intravenous drop injection of 1000 c.c. of 10 per cent 
o Completion of 1000 c.c. increments of above. 


n :30 A.sr. Apr. IS. 1931. 
glucose started. 


. _ l 1 }' Ueeord of urine flow from 9.45 Air. jr a r, 27, 1931. to 1-30 aw Mar n 
started in unanesthetized animal. ’ ' u ' *' lar - -»• *931. 

V 500 c.c. of water given by stomach tube. 

• Injection of sodium barbital. 

0 Intrav, ' nouR in ^ ctlon WOO c.c. Of 10 per cent glucose in fifteen minutes. 


Record 
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tlie level of the catheter in the bladder and may bo eliminated by the use of 
the expanded retention catheter used in bladder surgery. 

tVo wish to acknowledge the aid of Dr. A. .T. Carlson in arranging this material for 
publication. 
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A STUDY OP TIIE EAGLE ANTIGENS FOR WASSERMANN AND 
FLOCCULATION TESTS* 


Thurman B. Rice, A.M., Jl.D., and Virginia P. Smith, 

Indianapolis, Ind. 


B.S., M.A., 


T HE history of the serology of syphilis is rich in its variety of antigens. 

Ever since the introduction of an alcoholic extract of normal tissues* as 
an antigen for complement fixation in syphilis, numerous valuations of this 
basic extract have been suggested to produce a more satisfactory and more 
sensitive antigen. If one could disregard the possibility of false positive 
reactions due to its intense anticomplementary action, a highly sensitive anti- 
gen could be prepared with comparative ease. To insure a margin of safety 
from false positive fixations, it has been our practice to use only antigens 
whose antigenic units (the minimum amount of antigen which will produce 
complete inhibition of hemolysis in the presence of known four-plus sera) 
are not more than ^oo of the anticomplementary unit for that antigen (mini- 
mum amount of antigen producing inhibition of hemolysis in the absence of 
positive sera). 

As a routine antigen for the Wassermann test, we use the Kolmer anti- 
gen prepared from a eliolesterinized alcoholic extract of powdered beef heart. 2 
Each specimen of blood serum submitted to our laboratories for serum diag- 
nosis of syphilis is tested by both Kalin and Kline precipitin methods in ad- 
dition to the Wassermann test. Although we occasionally find a serum which 
is positive in a Wassermann test and negative in the precipitin test, generally 
speaking the precipitin reactions appear more sensitive than the Wassermann 
reaction. The hemolytic system for the Wassermann test is adjusted to 
maximum sensitivity and a margin of elasticity allowed for by using two 
units of complement and two units of amboceptor. These units are deter- 
mined by graded titrations of the two reagents, using as a unit the smallest 
amount producing complete hemolysis after one-half hour at 37.5° C. 

In November, 1930, Eagle of Johns Hopkins University Laboratories pub- 
lished a paper 3 explaining the fortifying effect of cholesterin upon antigens 

•From the Department of Pathology and Bacteriology, Indiana University School of 
Medicine, and Laboratory of Bacteriology an d Pathology', Indiana State Board of Health. 
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used in serum diagnosis of syphilis. Subsequent to this (May, 1931) he pub- 
lished another paper 4 describing a more sensitive antigen for use in the IVas- 
sermann reaction. In May, 1932, the same author published a papei de- 
scribing the new flocculation test for syphilis. 

In our laboratory, under the guidance of the senior author, there was 
made a study of the comparative values of the Eagle and Kolmer Wasser- 
mann antigens, and the Eagle, Kahn, and Kline precipitin tests. 

The Kolmer antigen for Wassermann tests is somewhat tedious to pre- 
pare and not infrequently freshly prepared Kolmer antigens must be dis- 
carded because of insufficient antigenic property or too great anticomplemen- 
tary activity. Eagle's Wassennann antigen is quite simple to prepare, and 
to date the authors have had no unsatisfactory lots of antigen prepared by 
this method. 4 The increased sensitivity of this antigen is dependent on a 
high concentration of antigen-lipoids reinforced by 0.8 per cent eholesterin 
and 0.6 per cent sitosterol. 

Wassennann Technic . — To 0.1 e.e. of freshly inactivated blood serum is 
added 0.4 c.c. of Reagent A (ten units of antigen and two units of complement 
in 0.9 per cent NaCl). To a second tube containing 0.1 e.e. of tbe same serum 
is added 0.4 c.c. of Reagent B (two units of complement in 0.9 per cent NaCl). 
Control tubes containing 0.1 e.e. of 0.9 per cent NaCl and 0.4 e.e. of Reagents 
A and B respectively are placed in the rack with the sera to he tested. These 
are incubated for two hours at 8° C. To each tube is added 0.5 c.c. of 2 per 
cent sensitized cells (sensitized immediately before use) containing two units 
of amboceptor. Tbe tests are then incubated in the water-bath at 37.5° C. 
until the two reagent controls are completely hemolysed and are left in the 
water-bath for ten additional minutes before reading. Although Eagle recom- 
mends the use of 0.2 e.e. of a 1-200 dilution of antigen without titration, in 
accordance with our customary procedure we titrated the antigen and used 
ten antigenic units as a dose. 

Prom our serologic work we tested 1081 cases taken at random, giving 
no consideration to the case histories before testing. Each of these was 
tested by Kline's precipitin test, by Kahn’s precipitin test (using one quan- 
tity of antigen only, 0.025 c.c.) and by Wassermann tests using Kolmer’s and 
Eagle’s antigens respectively, and the technic described above. Of the 1081 
cases tested, 458 -were positive by Kline's test, 346 were positive by "Wasser- 
mann employing Eagle’s antigen, 325 were positive by Kahn's test and 266 
were positive by the Wassermann employing Kolmer's antigen. There were 
no positive K.A.W. (Kolmer antigen Wassermanns) unaccompanied by other 
positive serology (Kahn. Kline, or Eagle). Likewise there was only one posi- 
tive Kahn in the absence of other positive serology, this was a" treatment 
check ease. Of the Klines, there were 66 positives with no other positive 
serology. Of these 58 were one-plus (one-plus reactions in anv one test un- 
accompanied by other positive serology are not customarily reported bv our 
laboratory), and 8 were higher positives. Their case histories were as shown 
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Table I 



DIAGNOSIS 

treatment 

CHECK 

SO HISTORY 

OS CARD 

3-plus 

i 

i 

i 

2-plus 

a 

o 

3 

1-plus 

2 r, 

9 

24 


There were 12 E.A.W. (Eagle antigen Wassermanns) which gave a one- 
plus reading in the absence of any other positive serology, and 9 higher posi- 
tives distributed as shown in Table II. 


Table II 



DIAGNOSIS 

TREATMENT ' 

CHECK 

NO HISTORY 

ON CARD 

4 -plus 

0 

i 

i 

3-plus 

1 

i 

0 

2-plus 

3 

i 

i 

1-plus 

G 

3 

3 


These results seemed to indicate a sensitivity of the E.A.W. approxi- 
mately 1.3 times that of the K.A.W., with only a small percentage (21 out of 
1081 tests) pointing to possible false positives. There were 325 E.A.W. ac- 
companied by other positive serology, and 324 Ivalin tests accompanied by 
other positive serology. The Kline test was somewhat more sensitive, having 
400 positives accompanied by other positive serology. The specificity of 
these tests could not accurately be estimated by the above method of case 
selection, due to the fact that many of these cases were only submitted for 
a single examination and in most cases accompanied by very inadequate his- 
tory. We therefore selected a number of known syphilitics from the skin 
clinics of the Indianapolis City Hospital and Fort Benjamin Harrison Hospital. 

The ideal type of case would have been those showing early primary 
lesions, but these cases present themselves very infrequently. From the 
group of patients in the City Hospital clinics, we were able to secure only 
three primary cases. One of these, C.P., had been dark-field positive and 
serologically negative. After three treatments we tested his blood with the 
following results : IC.A.W. four-plus, E.A.W. foui’-plus, Kahn negative, and 
Kline negative. A recheck four days later showed K.A.W. two-plus, E.A.W. 
three-plus, Kahn negative, and Kline negative. This was one of the rare 
cases in which there appears a greater affinity for the complement fixation 
phenomena than for the flocculation phenomena. A second ease was that 
of G.A., dark-field positive and with the following serologic findings : K.A.W. 
negative, Kahn negative, Kline negative, and E.A.W. three-plus. A quan- 
titative E.A.W. (0.1 c.c., 0.05 e.c., 0.025 c.c., and 0.005 c.c. respectively) read 
three-plus, three-plus, two-plus, and two-plus. A third patient, C.S., having 
a positive dark-field had the following serology.- K.A.W. two-plus, E.A.W. 
two-plus, Kahn three-plus, and Kline two-plus. 
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Table III 


patient 

NUMBER 
OF TEST 

K-A.W. 

E.A.1V. 

KAHN 

KLINE 

1. L.B. 

i 

Keg. 

3-plus 

2-plus 

2-plus 


14 day 

interval 





O 

Keg- 

4-plus 

Keg. 

4-plus 

2. C.C. 

I 

1-plus 

2-plus 

2-plus 

Keg. 


14 dav 

interval 





n 

2-plus 

4-plus 

2-plus 

4-plns 

3. H.C. 

l 

Keg. 

Keg. 

Keg. 

2-plus 

4. AV.C. 

] 

Keg. 

2-plus 

Keg. 

Plus-minus 

5. C.D. 

l 

1-plus 

3-plus 

4-plus 

2-plus 


17 dav 

interval 





o 

Keg. 

1-plus 

Keg. 

Keg. 

6. M.F. 

i 

Keg. 

2-plus 

3-plus 

4-plus 

T. T.G. 

i 

Keg. 

Keg. 

Keg. 

Keg. 


12 dav 

interval 





2 

Keg. 

Keg. 

Keg. 

Keg. 

S. H.G. 

i 

Keg. 

Keg. 

Keg. 

Keg. 


12 day 

interval 





o 

Keg. 

Keg. 

Keg. 

Keg. 

9. B.G. 

i 

Keg. 

Keg. 

Keg. 

Keg. 


12 day 

interval 




o 

Keg. 

Keg. 

Keg. 

Keg. 

10. A.G. 

i 

Keg. 

Keg. 

Keg. 

Keg. 

11. B.H. 

i 

1-plus 

4-plus 

Keg. 

2-plus 

12. A.H. 

i 

Keg. 

4-plus 

3-plus 

2-plus 

13. E.H. 

i 

Keg. 

4-plus 

4-plus 

4-plns 

14. O.H. 

i 

Keg. 

2-plus 

Keg. 

2-plus 

15. B.E. 

i 

Keg. 

4-plus 

4 -plus 

4-plus 

16. M.L. 

i 

Keg. 

3-plus 

2-plus 

4 -plus 


2 dav 

interval 




o 

Keg. 

Keg. 

2-plus 

4-plus 

17. P.M. 

i 

Keg. 

1-plus 

Keg. 

3 -plus 

18. A.M. 

i 

Keg. 

Keg. 

Keg. 

Keg. 

Keg. 

19. G.X. 

i 

Keg. 

Keg. 

Keg. 

20. B.X. 

i 

Keg. 

Keg. 

Keg. 

Keg. 

21. M.P. 

i 

Keg. 

1-plus 

Keg. 

Plus-minus 


2 day interval 





O 

Keg. 

Keg. 

Keg. 

Plus-minus 

22. W.R. 

l 

Keg. 

1-plus 

Keg. 

1-plus 

23. E.B. 

1 

Keg. 

4-plus 

4-plus 

4-plus 

24. E.B. 

1 

3-plus 

4-plus 

Keg. 

2-plus 

25. S.R. 

1 

Keg. 

Keg. 

Keg. 

Keg. 

Keg. 

26. D.S. 

1 

Keg. 

4-plus 

Keg. 


14 da 1 

interval 



0 

4-plus 

4-plus 

2-plus 

4-plus 

27. .T.S. 

1 

Keg. 

1-plus 

Keg. 

4-plus 

28. P.S. 

1 Keg. 

7 dav interval 

Keg. 

Keg. 

Keg. 

20. fi.fi. 

0 

1 

Keg. 

Keg. 

Keg. 

Keg. 

Keg. 

Keg. 

Keg. 

Keg. 

4 -plus 

30. ,T.S. 

1 Xeg. 

7 dav interval 

4-plus 

4-plus 

31. E.T. 

0 

1 

11 da 

Keg. 

Keg. 

v interval 

Keg. 

Keg. 

4-plus 

Q.X.S. 

3-plus 

Keg. 

32. B.T. 

2 Keg. 

1 Keg. 

11 dav interval 

Keg. 

3-plus 

Keg. 

Keg. 

Keg. 

4-plus 

33. O.T. 

34. M.Y. 

35. .TAV. 
30. ZAV. 

0 

1 

1 

1 

1 

Keg. 

Keg. 

1-plus 

Keg. 

1-plus 

3-plus 

3- plus 

4- plus 

Keg. 

4-plus 

4-plus 

Keg. 

4 -plus 

Keg. 

4-plus 

1- plus 

2- plus 

2-plus 

Keg. 

4 -plus 
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We tested four cases of primary syphilis from Port Benjamin Harrison, 
All four had been diagnosed on positive dark-fields and immediate treatment 
instituted. Two separate testings twelve days apart revealed no positive 
serology. 

Thirty-six “treatment cheek” cases were tested serologically. The re- 
sults are tabulated in Table III. 

The above results show a close coincidence between the E.A.W. and the 
precipitin tests. The figures in Table III show a sensitivity of the E.A.W. 
3.5 times as great as that of K.A.W. Cases 5 and 2G are the only incidences 
of a positive E.A.W. in the absence of all other positive serology. The latter 
developed positives in all three other tests after an interval of fourteen days. 
The senior author had suggested the possibility that the antigen might prove 
so sensitive that it would hold a positive indefinitely in treated cases. It was 
with this possibility in mind that the above series of treated cases was tested, 
and from the results of this series, we believe we can state that such is not 
the case. As a further check on this point we ran all four tests on 74 treat- 
ment check cases showing completely negative serology by our routine tests. 
Two of these gave a 1-plus E.A.W’.. one a 2-plus, and one a 4-plus E.A.W. 
The others were negative by this test also. Twenty normal individuals were 
tested by all four serologic procedures and were all negative in every test. 

CONCLUSIONS 

After having submitted the Eagle Wassermann antigen to the test routine- 
described above, we are convinced that it is a more sensitive antigen than the 
Kolmer antigen, and that tests in which this antigen is employed correspond 
very closely to the Kahn and Kline precipitin tests in degree of sensitivity. 
We believe that in this series of tests it has not proved too sensitive. 

THE EAGLE FLOCCULATION TEST 

An antigen for this test was prepared according to Dr. Eagle’s directions' 1 
and one thousand sera treated in the manner he described; K.A.W., Kahn, 
and Kline tests were done on each specimen. Strong positives and negatives 
could be very easily and accurately read by this test, but the intermediate 
zone, which Dr. Eagle characterizes as “doubtful,” we were unable to read 
satisfactorily. Accurate readings of low positives were certainly no easier 
for us than in the case of a one-plus or two-plus Kahn test. We found in the 
case of strongly positive sera that this test checked very closely with the other 
serologic tests. Cases showing a negative Wassermann test and two-plus or 
three-plus Kahn and Kline were rarely positive by the Eagle Flocculation 
method. The method is more time-consuming than either the Kahn or Kline 
method for precipitin tests. Therefore, with the exception of this brief sur- 
vey, no further work was done with this test. 

We acknowledge with gratitude the cooperation of the clinicians of the Indianapolis 
City Hospital Skin Clinic and the Medical Staff of Fort Benjamin Harrison. 
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AX EASILY ASSEMBLED, SELF-RECORDING PERFUSION 

APPARATUS® 


Tracy J. Putnam, M.D., Boston, Mass. 


T HIS apparatus was devised for the study of the volume of blood flow 
through the cat’s carotid at fixed pressures over long periods of time, but 
may prove useful for other types of perfusion. 

The fundamental mechanism employed is the “Autopulse” (Fig. 1), a 
device used to pump fuel from the tank to the carburetor of internal combus- 
tion engines. It may be obtained at a reasonable px-ice through dealers in 
electrical automobile equipment. The device consists of a small metal bellows 
pump of about 0.8 c.e. capacity intake and outlet valves. The bellows is filled 
by the action of an electromagnet, which pulls against a spring. The spring 
expels the contents of the bellows at a constant pressure, and at the end of 
the stroke, contact is closed, which actuates the electromagnet once more. 
Current is supplied by a storage battery. 

To adapt the “Autopulse” to physiologic purposes, it is necessary in the 
first place to introduce a means of adjusting the pressure. This is done by 
placing a thin nut between the spring and the arm which supports it and 
threading a machine screw into it. The end of the screw projects through a 
hole drilled in the bottom of the sheet metal casing. By turning the screw 
the pressure may be adjusted from about 80 to about 250 mm. °of mercury' 
Next it is essential to arrange an electrical signal to register each stroke 
of the pump. This is done by soldering the tips of a separate pair of wires 
in shunt with the electromagnet. The wires run to a signal magnet on the sne- 
eial kymograph to be described below. ’ 1 


Finally a. constant supply of blood from a heparinized animal must he 
provuled. This is derived m the present instance from cannulas in both f e m. 

Medical School. 
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oral arteries. To insure that the amount necessary for eaeli stroke is always 
available and that no more than essential is abstracted from the circulation, a 
float valve is required. The float chamber consists of a glass tube about 
2.5 cm. in diameter, closed at one end by a two hole stopper. A short piece 



Fis. 1. — "Autopulse" provided with glass float chamber and float (above). To the right, 
leading to the float chamber, is the rubber tube and check valve. The outlet, connected to 
tlie carotid, is on the further side. The black wires lead to the signal magnet, the white wires 
to the battery. Notice that both are attached to the same terminal at the base of the solenoid, 
but that they are attached to opposite sides ot the contact points above. 


of copper tubing occupies one hole, and is soldered into the intake valve cham- 
ber of tlie pump (after the gasoline filter has been removed, and its projecting 
support sawed off level). An L-tube leads into the other hole, carrying at its 
further extremity an improvised cut-off valve. As is illustrated in Fig. 2, this 
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consists of a length of thinnest rubber tubing, 3 mm. in diameter, which runs 
between two wire rings fixed permanently in line. On a straight stub of wire 
at right angles to the axis of the tube, a wire crank is pivoted in such a way 
that its short arm compresses the rubber tubing when its long arm is ele- 
vated. The long arm is actuated by a J-shaped wire, which hooks over the 
side of the float chamber and rests upon the float. The float consists of a 
paraffined wood or pasteboard box (a small shaving-soap box would do) 5 to 
10 cm. long, fitting easily in the float chamber. When it rises on the column 
of blood in the chamber, the flow from the femoral is cut off. 

It is difficult to guard against the entrance of bubbles of air into the 
pump. To prevent embolism, the blood is passed from the outlet of the 
pump into a small inverted bottle, of about 20 e.c. capacity, and out again to 
the carotid cannula. If any air collects at the top of the bottle, it may be 
removed by a lumbar puncture needle inserted through the cork. A ther- 
mometer also lies in this chamber. 

In some experiments the blood was warmed by passing through a coil of 
fine brass tubing in a tliermostated jar; but a much simpler means of heating 
the air trap, such as an electric bulb placed near it, will suffice for most 
purposes. 



The systolic and diastolic pressures at which- the blood is delivered are 
read off on a mercury manometer, connected to the outlet by a T-tube. The 
carotid pressure and temperature are not registered directly, as they should 
be constant, but are written into the 1 ’ecord from time to time durum the 
experiment. 

The output of the pump varies slightly with different pressures and 
should be measured directly under the particular conditions which exist for 
each series of experiments. 

Before this perfusion pump had been a week in use, it became obvious 
that some special means of recording would have to be developed. The paper 
on an ordinary long kymograph was used up before a base line was estab- 
lished, unless it was run so slowly that individual strokes of the pump were' 
difficult to distinguish, and the ordinary ribbon recorders are not adapted to 
register alterations in blood pressure. The following apparatus was there- 
fore devised (Pig. 3) using inexpensive ready-made materials whenever pos- 
sible. 1 


The whole kymograph is 
inches long. Rolls of adding 


mounted on a board 30 inches wide and 30 
machine paper, three and a half inches wide, 
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are used to take the record. The paper is suspended on a roller at one end 
of the board and passes at once under a bridge which carries two of the 
signal-magnets. It then runs far enough to allow the inked record to dry, 
before reaching the propelling mechanism. 

The kymograph mechanism itself is built mostly from the gear box of an 
“Erector” set, obtainable at any toy shop. The paper is pulled by three 
wheels each composed of two of the discs intended to form the wheels of the 
toy automobile which can be built from the set. Slipping is prevented by 
flat “tires” of appropriate-sized rubber bands cemented to the circumfer- 
ence. The strip of paper slides upon a piece of celluloid which is bent around 
the front of the wheels so that the paper is in elastic contact with a full 
quadrant of their surface. 



iris. 3. — The kymograph assembled. At the left arc the propelling wheels. Notice that 
the paper is curved around them. Above are the sear box and motor with rheostat. The 
connection between the mercury manometer and syringe used as recorder is shown. At the 
right is the transformer and electric doe],-. 


The wheels are fixed between bearings to a length of shaft which extends 
into the gear box of the “Erector” set. The gear box affords a quadruple 
reduction of speed including a worm gear, but this is not enough for the 
purpose. In the present set the motor of an automobile windshield wiper has 
been used which contains an additional triple reduction within itself, and is 
operated by a transformer. A small motor with a worm gear reduction in- 
corporated in it, such as may be obtained from laboratory supply dealers, 
would be preferable. Some sort of rheostat speed control is essential. 

The transformer in the present set is also used to operate the signal mag- 
nets. There are three of these: one in slumt with the “Antopulse” pump, 
one to mark time, and one to record the application of stimuli, administra- 
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tion of drugs and the like. They are made from ordinary electric bells (of 
the best grade) with the bell, knob, cover and stamped base removed. For 
writing points, the smallest sized Keuffel and Esser lettering pen tips are 
used. The shank is bent into a sleeve to fit the vibrator of the bell. These 
writing points should be washed after use and kept in alcohol to prevent 
corrosion. If it were desired to eliminate the transformer, the signals could 
be operated from the storage battery with appropriate resistance interposed. 

The timer is made of an electric clock with a sweep second hand. The 
best method of converting it to scientific purposes varies with the model of 
clock, but platinum contact points should be used in any case. In the present 
device an interval of fifteen seconds is convenient. 

Blood pressure is recorded continuously from a mercury manometer con- 
nected by a T-tube to the intake of the pump and the femoral arteries. A 
thiclc-walled rubber tube passes from the distal end of the mercury manome- 
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Pig. 4. — Sample or record. Perfusion of cat’s common carotid under amvtnl 
injection of 1/10, POO adrenalin into carotid: increase of blood pressure, slowing of strokes of 


ter to the tip of a 5 c.c. syringe. The space between the top of the mereurv 
column and the piston of the syringe is filled with 50 per cent glycerine and 
the plunger of the syringe is oiled. Any movement of the column of mercury 
is transmitted to the piston of the syringe but the resulting excursion is 
inversely proportional to the squares of the radii of the two" tubes respec- 
tively. The syringe is fastened horizontally at the edge of the strip of paper 
and a writing point secured to the piston. It is possible to obtain tracings of 
individual pulse beats by this arrangement, although of course on a reduced 
scale. 


The advantages of this kymograph are that it M ^ ve nomh|p 
and compact. The timing device is self-contained. Records mav be 
continuously over several hours and will show several signals simultaneously 
as well as recording blood pressure. Annotations mav be made ‘ 
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A PIPETTE WASHING DEVICE* 


Thomas P. Nash, Jit., Ph.D., axd Wii.uam Krauss, M.D., Memphis, Tknx. 

T he washing of the numerous pipettes required in the routine and research 
work of biologic laboratories is a vexations and time-consuming detail. For 
a number of years we have employed for this purpose, and with much satis- 
faction, the device illustrated in Pig. 1. 

The essential feature of the apparatus is the brass nipples threaded into 
lines of %-ineh or y 2 -ineh brass pipe. Brass rod of V r inch diameter is cut 


n 

i 



Fiff. 1. 


into %-inch lengths. These are threaded at one end and drilled from the 
opposite end with a i/ s -ineh drill, the final 2 or 3 mm. at the threaded end 
being drilled through with a % 2 -incli drill. When these nipples are screwed 
into water lines the small diameter of the bottom openings suffices to main- 
tain sufficient pressure in the system to force water through the tallest pipette 
even though only one pipette may be in the apparatus. The nipples are fitted 
with short lengths of rubber tubing which receive the tips of the inserted 
pipettes. In Fig. 1 only two of the nipples are shown with rubber connections 

»From the Departments of Chemistry and Medicine. College of Medicine, University of 
Tennessee. 
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and holding pipettes. Some suitable support, such as that illustrated, must be 
provided for the upper portion of the pipette. Only a moment’s time is 
required to insert a pipette, and washing with constantly changing water then 
continues automatically until the pipette is removed. 

The apparatus pictured is designed to be connected by rubber hose to a 
water cock, and may be moved from one sink to another. In our laboratories 
we have found it convenient to have a single line of nipples permanently 
installed near the bottom and at one end of each sink where the device inter- 
feres least with other uses of the sink. 

A surprisingly large number of nipples may be assembled in a single unit 
without loss of efficiency. Since, however, water escapes from every outlet 
whether or not these are occupied by pipettes, a larger capacity unit than 
normally sufficient leads to an unnecessary wastage of water. 

Test tubes, centrifuge tubes, and other similar pieces are conveniently and 
automatically washed in this apparatus by inverting them over glass tubes con- 
nected to the nipples. 


THE CALIBRATION OP WHITE BLOOD CELL DILUTION PIPETTES® 


P. Lowell Dunn*, S.B., H.A., M.D., Omaha, Neb. 


T HE technical skill required in the manufacture of blood cell dilution 
pipettes must excite the admiration of all who give thought to the prob- 
lem. Obviously such micro pipettes must show variations in precision. This 
fact is recognized by the manufacturers, some of whom provide faetorv cer- 
tificates and guarantees of accuracy or individual certification either by 
themselves or by the Bureau of Standards. Textbooks of clinical pathology 
show a widely varied response to the possibility of pipette errors. At the 
one extreme is the statement that only pipettes certified by the Bureau of 
Standards should be used in clinical laboratories, while at the other extreme 
is the complete omission of any comment regarding the possibility of such 
errors. Probably the majority of physicians assume dilution pipettes as pur- 
chased to be sufficiently accurate for clinical purposes, or cheek them against 
other pipettes to maintain uniformity. Using the same pipette for eonsecu 
tive blood counts on the same patient is a common device for ascertaining 
relative changes in leucocyte counts. This is a tacit admission of error in 
apparatus and is at best an inconvenient method in laboratories where a 7™ 
number of pipettes are in daily use. arpe 


The extra charge made for reliable certification 
to anyone who has undertaken such calibration. There 
impression among clinicians and hospital administrators’ that sueWrHfi 
Uon Is ' varr «nted only for purposes of academic research. ‘ certlfica * 
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The Bureau of Standards specifications for dilution pipettes with a 1 to 
10 ratio require (in addition to certain details of construction) that the dilu- 
tion must not be in error by more than ±3.5 per cent. This is, of course, the 
pipette error alone and does not include other possible sources of error such 
as, (1) technical manipulation of pipette and hemocvtometcr, (2) physiologic 
variations, and (3) errors in the construction of the hemocvtometcr. Since 
rises in leucocyte counts of 1000 to 2000 per cubic millimeter are often deter- 
mining factors in formulating opinions regarding treatment, a method error 
of 10 per cent looms large and an error of ±3.5 per cent in the pipette alone is 
a large fraction of this total error. 

The accidental discovery of a defective pipette in our own service raised 
the question of the accuracy of dilution pipettes in current clinical use. New 
lots of pipettes were supposed to be checked against older lots for consistency 
but this had been neglected because of lack of time. We were unable to 
obtain any impartial information and the discrepancy in textbooks of clini- 
cal pathology made it desirable to determine whether the extra cost of cali- 
bration was a justifiable expenditure. Through the courtesy of several 
physicians we obtained for calibration 86 white cell dilution pipettes. 

METHODS 

After inspection the pipettes were rinsed with nitric acid, bichromate cleaning mixture, 
water, alcohol, and ether until examination showed them to be clean. 

Gravimetric . — The weights of distilled water or 1 per cent fuchsin included between 
tho tip and the “0.5” mark, and between the tip and the “11” mark were determined. The 
necessary precautions in calibration of volumetric ware wore observed. 

This method was slow ond since the weight of water included between tlic tip and the 
“0.5” mark was often not over 10 mg. it was neecssary that the manipulations required 
in filling the pipetto and the weighing itself must not introduce errors of over 0,1 mg. to deter- 
mine the pipette error within 1 per cent. The necessity for technical skill and experience 
was shown by tlic amount of practice required before consistent results could be obtained, 
probably making this method available only to those who had survived the equivalent of an 
elementary course in quantitative analysis. 

Pcffcr Method . — A much more promising method was that of E. L. PefTcr of the Bureau 
of Standards. 1 His excellent instrument eliminates the handling of the pipettes during the 
calibration, requires considerably less skill, and is five to ten times faster tlian the gravimetric 
method. To construct a duplicate of his fine instrument was prohibitive, but it was obvious 
from his description that the basic features could be satisfied at a negligible cost. 

The device, as assembled by us, is illustrated in Fig. 1 with the protective cotton cover 
removed. It consists of a small reservoir containing 1 per cent fuchsin, a one hole rubber 
stopper to fit the bulb end of the pipette, and a piston by which the fuchsin can be forced 
up into the pipette, the volume of liquid being measured by a micrometer screw feed on tho 
piston. The pipette is placed vertically in the stopper, with the tip up. The solution is 
forced to the “11” mark and a reading is taken. It is then forced up to the “0.5“ mark 
and to the tip, readings being made at each level. The result is a measurement of the 
desired volumes of the pipette in terms of micromotor screw piston displacements from which 
the dilution value of the pipette can he quickly calculated. The small . reservoir in our 
apparatus was a Pyrex tee. A Brown and Sharpe micrometer head was cemented into one end 
of the tee with He Khotinskv cement. The other end was closed with cement. The tee was 
used in order to secure rigid clamping to the ring stand by the usual laboratory supports. 
The upright portion of the tee was fitted with a rubber stopper. A single hole was bored, 
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tlie size being selected to fit tightly the bulb ends of the pipettes to be calibrated. The 
inner end of the rubber stopper was made concave so that air bubbles would not bo trapped, 
but could be forced out through the hole in the stopper. The system was then filled with 1 
per cent fuchsin and all air bubbles carefully expelled. 

Slight fluctuations of temperature of the fuchsin solution produce marked variations 
in the height of the solution in the capillary tube of the pipette. Consequently the apparatus 
must bo carefully shielded. Porter shielded his apparatus by a vacuum container. AVe 
wrapped the tee with several layers of cloth before clamping it to the ring stand, and 
then surrounded tee, clamps, and part of the ring stand with cotton, leaving only the rubber 
cork and the micrometer head exposed. The cotton was put on in layers to a thickness of 
two to four inches, being careful that all air channels were closed. The knurled portion of the 
micrometer head was covered with several wrappings of cloth to protect it from the heat 
of the hand. This protection was sufficient, if drafts were avoided, although on a few days 



Fie- 1. — Dilution pipette calibrator for white blood cell ninety 
features of Peffei-s instrument. A, white pipette; B, micrometer a* 
cotton cover to minimize thermal effects has been removed head : 


utilizing- some of the 
C, tee reservoir. The 


temperature fluctuations made consistent readings impossible. Later hv 
tee with hard paraffin, the volume of liquid was reduced from aW 30 e“ i * 
the temperature effect was definitely less marked. ’ 0 ® C-C ’ and 

Several practical details developed during „se. Tim «. 

and the pipette tightly and without any tendency to crawl It r ^ tllG tC6 

the stopper to the tee. Any crawl was apparent in duplicate v * preferable to cement 
fluid level could be observed after waiting a minute or two Ti™ ° r t! ' e Sl ” ft m tIle 

by gently tapping the pipette with a pencil. After setting tho"i T'l ^ acceleratcd 
proved useful to tap the pipette to minimize any erawl^durinn'f ‘ U ” mark > U 

Bubbles occasionally adhered to the glass head in the , „ <■ B thc subsc, l u ent readings. 

«•«« '« 'cry cArcfullv „.,nn C ll« „„ ,,1 ?' *■*«'■ The,, „, ouM 

■'»>- * - "re JL, c,«?c t. I" 1 W 

was moved. This was due to incomplete f.lling of the' reserv ’ ' vl,en thc P^ton 

c ercoir or to failure in keeping the 
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hole in the stopper sufficiently filled with fuelisin. The reservoir was kept filled by dropping 
the fuelisin solution on the stopper and drawing it in by means of the micrometer screw. 
Tho pipettes must of course be dry for each set of measurements, although measurements of 
the interval between the tip and the ‘ ‘ 0.5 ” mark could be duplicated usually without drying 
between determinations. 

The meniscus should lie set flat across the orilicc when the setting at the tip is made. 
Many pipettes show a constriction in bore at the tip, and it is our experience that lag duo 
to small amounts of air show tip most conspicuously in this region. The setting nt the tip 
is best made with tho aid of a magnifying glass. 

The method described above proved much more satisfactory than the gravimetric. If 
tho reservoir is so designed that air bubbles are not trapped, the system is easily filled. 
Skill in attaching the pipettes is quickly acquired, and it is easy to control accurately the 
level of the solution by the micrometer screw. This method measures the pipette error 
directly and docs not include the errors of filling nnd handling the pipette as in the gravimetric 
method. 

Colorimetric Method . — The dilution value of the pipette can be iueasnred directly in a 
colorimeter against a standard dilution. Several colored solutions were tried and 20 to 30 
per cent chromic sulphate was selected because of tbe high sensitivity of the eve for green 
and because twenty-two fold dilution still gave a satisfactory intensity in the colorimeter 
at a cell depth of 20 mm. The standard dilution was a 1:22 dilution of the strong solution. 
The concentrated chromic sulphate solution was sucked up to the “0.5” mark and then 
diluted to the “11” mark with distilled water. After shaking a moment the entire contents 
were discharged into a colorimeter cup. This process was repeated, drying the pipette each 
filling until sufficient solution was obtained to give an effective depth of 20 mm. With 
inicroeolorinietcr cups one to three fillings were sufficient, the larger all-glass cups requiring 
four or more fillings. This might appear to be a drawback in the method, but it is com- 
pensated by the fact that, the colorimeter reading is an average of several fillings. 

The evaporation of the liquid in a glass microcolorimctcr enp was measured and found 
to bo about one milligram in fifteen minutes at 27° C. on a dry day when the cup was covered 
with a watch glass. Since the total volume of leucocyte pipettes is usually 0.25 c.c. or more, 
this loss is not significant. Furthermore with a suitable suction pump and the use of alcohol 
and ether the pipettes can he cleaned and dried in a minute or two so that three fillings and 
the necessary cleanings can be accomplished within ten minutes. A 30 per cent chromic 
sulphate solution was tested for change of color over the temperature range of 24 to 43° C. 
None was observed. 

Tho green color can be very satisfactorily matched in the colorimeter, but faulty use 
of such instruments is so common that several details should bo mentioned. The zero set- 
tings should be carefully cheeked. The colorimeter should be symmetrically placed with 
respect to tho illumination. Any inequality in the fields should be located and rectified and 
not compensated by twisting the position of the instrument with respect to the light. If 
the plungers are not dry, they can be rinsed with tho standard solution since it closely 
approximates the strength of the unknown. When a series of pipettes are to be calibrated, 
tho standard solution should be changed frequently enough to avoid appreciable evaporation. 
The colorimeter light should be turned off when readings are not being made. 

This colorimetric method appeared to us logical and was much easier to do than the 
difficult gravimetric method. Colorimetric methods are more familiar to the elinical laboratory 
worker than gravimetric. Tho liydrometrie method of Peffer is perhaps not so applicable 
to general use because of this drawback of unfamiliarity. The colorimeter method showed 
no greater variation in our hands than those obtained with the use of our makeshift micrometer 
screw calibrator. With the increase in ruggedness and precision of photoelectric circuits the 
adaptation of the colorimetric method to a photoelectric one is an obvious technical procedure. 
Since the colorimetric readings for certifiable pipettes are within ±3.5 pet cent, it might 
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prove unnecessary to use a photometric head, the readings being made by galvanometer de- 
flection. The speed of such a derice should materially reduce the cost of pipette calibration. 

The calibration of the various pipettes was controlled by: (1) repeated checks on 
different days, (2) check against the gravimetric method, and (3) comparison with the 
Bureau of Standards certified pipettes. Three or more readings were averaged. Most of the 
readings were made with the micrometer screw calibrator. 

DISCUSSION 

A few of tlie pipettes were discarded because of tips broken sufficiently 
to affect the accuracy, leaving a total of 84 to be discussed. Of these 10 bore 
no visible identification mark while the rest included 13 different distribu- 
tors’ names or identification marks. All but 18 had a serial number. We do 
not know how many manufacturers were represented in this series of 84 
pipettes, but we are informed that the manufacture of these pipettes is a 
highly specialized industry and confined to very few firms. Only one pipette 
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pig. 2. — Frequency curve of errors of 84 white blood cell dilution pipettes. 


had been recognized as being in error prior to our calibrations. One pipette, 
not included in the series, had no mark whatever on the capillary stem. We 
were unable to associate defective pipettes with any particular identification 
mark. It was possible to obtain catalogue specifications, guarantee, or fac- 
tory certificates on 63 pipettes. The small size of our series does not permit 
in any sense a general statement but with this qualification the nature of the 
guarantee or specification had little or no bearing on the accuracy of the 
pipette except in those eases where there was an explicit statement that the 
pipette had been individually calibrated. All pipettes that had been indi- 
vidually calibrated were within the tolerance stated. Under present condi- 
tions the inference can be tentatively made that individual calibration is 
necessary to eliminate defective pipettes. 


The results of our calibrations were plotted in a frequenev curve to con 
serve space (Fig. 2). Of the 84 tested, 24 (28 per cent) showed errors in 
excess of ±3.5 per cent. Of these, 10 (11.5 per cent) were in the -roun 3 5 to 
5 per cent. 12 (14 per cent) in the group of 5 to 10 per cent, and 2 were' over 
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10 per cent, one of which had an error of 38 per cent. It is interesting that 
plus errors were more common than minus errors and in the ratio of 68 to 16. 
Since a portion of the calibrations were done both by the micrometer screw 
piston method and by the colorimetric method we were unable to explain the 
frequency of the positive errors on the basis of the method of calibration. 

With 28 per cent of the pipettes showing errors in excess of ±3.5 per cent, 
the possibility of serious errors arising in laboratories where a large number 
of pipettes are in use is far from negligible even for clinical purposes. 

SUMMARY 

1. Calibration of 84 white blood cell dilution pipettes in clinical use 
showed 28 per cent to have errors in excess of ±3.5 per cent, 11.5 per cent to 
have errors of 3.5 to 5 per cent, and 14 per cent to have errors of 5 to 10 per 
cent with two having errors of 11 per cent and 38 per cent respectively. 

2. Positive errors were more common than negative in the ratio of 
68 to 16. 

3. A colorimetric method for the calibration of dilution pipettes has been 
described. 
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In both groups the response to tlio therapy was satisfactory ns shown by the short 
duration of the disease after therapy, and by the death rate. On the average, the course 
of the disease in the 12 empirically treated patients was much shorter than the average 
course of a larger scries of eases treated in the same manner, but this unusual result in 
a small scries of cases does not necessarily indicate the superiority of this method of 
therapy. 

Evidence is given to indicate that the persistence of agglutinins for the homologous 
organism is an index that a sufficient amount of antipneumococcic serum has been ad- 
ministered to produce a satisfactory therapeutic result. 

TUBERCULOSIS: The Question of Tubercle Bacilli in the Blood in Advanced Pulmonary 

Tuberculosis, Corper, H. J., and Damerow, A. P. Am. Rev. Tub. 28: 118, 1933. 

Tubercle bacilli were not found to be present in the blood of 320 patients with 
advanced pulmonary and generalized tuberculosis at the National Jewish Hospital and 
Fitzsimons General Hospital at Denver, Colorado, in spite of the fact that each blood 
specimen was submitted lo four different methods of examination for tubercle bacilli, 
namely, guinea pig inoculation, and throe different culture methods. "While control tests 
proved the efficacy of the culture methods used for discerning small numbers of tubercle 
bacilli in human and animal blood, acetic acid, ns recommended by Loewenstein, destroyed 
small numbers of human tubercle bacilli, while saprophytic acid-fast bncilli would survive 
such treatment, thus vitiating the results obtained with this reagent. 

In addition to the 120 cases studied, over 200 routine smaller specimens of blood 
obtained from patients in a tuberculosis sanitarium and examined by means of two re- 
liable culturo methods, the tissue-substrate method and the sulphuric acid crystal violet 
potato cylinder method, did not rcvenl a single positive culture for tubercle bacilli among 
these specimens. As a result of the examination of the blood from the 120 cases of ad- 
vanced tuberculosis two specimens yielded saprophytic acid-fast bacilli, which could readily 
be differentiated from pathogenic tubercle bacilli by animal inoculation and reliable cul- 
ture methods. 

Tubercle bacilli were found to grow well when present in small numbers on a 
sulphuric acid treated and sodium bicarbonate or sodium hydroxide neutralized blood resi- 
due or on inspissated defibrinated blood, making it appear that the acid- or heat-treated 
or sterilized blood pigments are not detrimental to the growth of tubercle bacilli. The 
macroscopic typo of culturo obtained on the blood medium differs from that seen on 
potato or on egg, which also differ from each other. 

Tho Congo Ted potato tloui egg medium (Loewenstein) is a good one for liunmn 
and bovine tubercle bacilli, but it is no better than a simple potato cylinder or inspissated 
egg yolk medium, and it possesses tho disadvantage of being unnecessarily encumbered 
with expensive and unessential ingredients. 

It appears that human or bovine tubcrculobactcrcmias, in the sense that tubercle 
bacilli circulate in the blood for a fairly long time or that the bacilli multiply in the 
blood, are not borne out by these studies, although it is not intended to convey the im- 
pression that occasional embolic disseminations (showers) from disintegrating tuberculous 
foci do not occur or that there may not exist terminal periods in the course of the disease 
when numerous showers of caseous products containing viable bacilli may make it possible 
to find them in the blood of man and experimental animals. However, suck a condition 
of tubercle bacilli in the blood is far from being the common event, according to the 
observations made in this study. 

It would appear also that embolic showers (ombolemia), when they do occur in 
man, are rapidly removed from tho circulation in the usual case of tuberculosis. 

DIPHTHERIA: Active Immunization Against, by a Single Injection, Strauss, H. W. J. a. 

M. A. 101: 192, 1933. 

A concentrated diphtheria toxoid incorporated in hydrous wool fat has been injected 
intramuscularly and actively immunized 99 per cent of 103 patients within a period of two 
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months. In the majority of cases, immunity developed in from three to four weeks and, 
in one case, as early as two weeks. 

Because of the early development of active immunity, a preparation such as that 
described may have a practical usefulness in checking an epidemic of the disease. A 
single injection method has obvious practical advantages. 

The material used in this study was prepared in the following manner: Diphtheria 
toxoid (M.L.D. 500 per c.c.; L. 0.13; L.F. 0.1), 7,300 c.c. was placed in cellophane bags 
and fanned at room temperature until the volume was reduced to 250 c.c. The dark colored 
granular precipitate that formed was removed by centrifugation. The supernatant fluid 
was diluted up to 730 c.c. in the process of twenty-four-hour dialysis in a cellophane sack 
and by the addition of distilled water. Phenol (0.5 per cent) was added and the solution 
was filtered through a Berkefeld candle. The least fatal dose of the concentrated solution 
was 0.014. 

In a similar way, the solution was further concentrated to 73 c.c. (100:1 concentra- 
tion). This was preserved, after Berkefeld filtration, with merthiolate in a final concen- 
tration of 1:10,000. This concentrated fluid was found to contain 300 flocculating units 
per cubic centimeter. 

Two batches of the lanolin mixture were prepared as follows: Batch 301-H-ll was 
made by thoroughly mixing, at 42 C., 100 c.c. of sterile hydrous wool fat and 50 c.c. of 
concentrated diphtheria toxoid. One cubic centimeter of this mixture thus contained 100 
flocculating units and 0.2 c.c. contained 20 flocculating units. Batch 301-H-12 was made 
in the same way as 301-H-ll with the exception that, to each quantity of 0.2 c.c. of the 
mixture, 0.05 c.c. of sterile olive oil was added. 

The material was received in individual miniature antitoxin syringes, each contain- 
ing a single dose. The preparation is of the consistency of a soft wax and is easilv 
expelled from the syringe. 

No reactions were observed in children under live years of age. In the school age 
group there was an occasional complaint of soreness in the arm for a dav or two with 
slight local redness and in one case a temperature of 101 during the first twentv-fonr 
hours. In the adult group, five who had positive Schick but negative control reactions 
were included in the series. They complained only of a heavy feeling in the arm. Five 
other adults (not included in the series) who gave positive Schick and control tests were 
given the injection. Of these, two gave severe reactions with a rise of temperature to 
102, headache, malaise, a large area of local redness with induration, and regional adenitis 
The fever subsided in twenty-four hours. The three remaining persons had mild local 
reactions without constitutional symptoms. The reactions to be expected, then are the 
same as those obtained with ordinary toxoid. They are infrequent and’ quite mild in 
older children and absent in those of preschool age. The more severe reactions are to 
he expected in those patients who give positive reactions to both Schick and heated 
control material. 


PERTUSSIS: Occurrence of the Bordet-Gengou Bacillus, Kristensen. B T A vr 

204, 1933. • A - - u - A. 101: 

The results of this study are conformable with the hypothesis that the Bordet-Gengou 
bacillus is the etiologie agent of whooping cough. “gun 

The cough-plate method has been used for sixteen vears at the State So™™ t ... 

in Copenhagen and has proved to be of practical value. It is the best method for dil™ 
ing the disease early. uiagnos- 

An isolation period of four weeks after the onset of the tvoicul oarn^~™ n - - 
practice been sufficient for school children. ' " ^ x . -~m has in 

h * VC «' <*«“» » A,„ pi „ c congh 
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PUERPERAL INFECTION : Relationship Between Exogenous Throat Streptococci and, 

Kellogg, F. S., and Hcrtig, A. T. Trans. Am. Assn. Olist. Gvnoc. & Abd. Surg. 87: 

1032. 

From a study o£ an epidemic in the maternity wing of n well-equipped general hos- 
pital in 1031, it is concluded: 

That nasopharyngeal carriers of hemolytic streptococci (nnd perhaps other organisms) 
arc a most dangerous source of frequently fatal sepsis to women in childbirth from the 
moment labor begins (and possibly before), to the end of the puerperium (at present an 
unassignable date but at least fourteen days after delivery). 

That “silent carriers” arc potentially as dangerous as persons acutely sick with 
temperatures, save for less likelihood of coughing or sneezing, although, usually, a history 
of some acute exacerbation in the not distant past may be obtained from the carrier. 

That perineal contacts are presumably the most frequent method of transmission; 
either by coughing, sneezing or talking with the patient during perineal precautions or by 
incomplete manual asepsis after self-infection of the hands by the carrier, as by the use 
of a handkerchief; but that for tlio present other less direct methods must be assumed, 
and guarded against. 

Hence, that cveiy carrier is a source of danger nnd must he eliminated or be masked 
adequately at all stages of labor and the puerperium and ho absolutely trained and trust- 
worthy about digital asepsis. 

That since pupil nurses arc untrained nnd unliahitcd to conscientious digitnl asepsis, 
it is a wise precaution to culture each one on entrance to a maternity hospital and to 
eliminate each one temporarily until the throat is negative foi hemolytic streptococci. 

That other personnel, i.e., doctors and grndunte nurses t mined in asepsis, following 
rules akin to those given above, will in nil probability not prove a liaz.nTd to patients. 

That the question of ward attendants, especially those serving food, must be care- 
fully considered. 

That a single case of puerperal sepsis in an institution calls for immediate rigid in- 
vestigation nnd drastic measures based on this to limit spread. 

MILK: The TJse of Glycerol as a Preservative for Specimens to Be Examined for Hemo- 
lytic Streptococci, Gilbert, R., and Clark, M. E. Am. ,T. Pub. Health 23 : 720, 1033. 

The addition of glycerol to make a 30 per cent concentration lias been found to en- 
able recovery of streptococci from milk after seven days at room temperature or after 
ten days’ refrigeration. It is thus of value in the study of epidemics of septic sore throat. 

THYROID DISEASE: Effect of Treatment on Blood Cholesterol in, Hurxtbal, L. M. 

Arch. Int. Afed. 521: SO, 1933. 

The blood cholesterol is low in toxic thyroid stntes, and is brought to a normal 
level partly by preoperative treatment but chiefly by subtotal thyroidectomy. 

The reciprocal relationship between the average elevation of the basnl metabolic 
rate and the average lowering of the blood cliolostc-rol level in toxic goiter, is further 
confirmed by the results of treatment presented in this paper. 

There appears to be little difference between the change in the blood cholesterol 
values in exophthalmic goiter and that in toxic adenomatous goiter ns the result of treat- 
ment. 

The blood cholesterol in nontoxic adenoma or adenomatous goiter undergoes little 
or no change as the result of removal of the growth. 

, The blood cholesterol determination is of distinct but limited value in tlie diagnosis 
of hyperthyroidism. 
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BLOOD CtTLTTJKES: Comparative Study of, Taken With Kendall and Routine Mediums. 

Friedberg, C. K. Arch. Int. Med. 52: 120, 1933. 

One hundred and three routine blood cultures were made for 77 patients suffering 
from a variety of febrile illnesses suggesting the presence of bacteremia. Simultaneously, 
flasks containing K medium were inoculated with blood from these patients. 

The K medium showed 4 per cent less positive results than the ordinary routine 
method. Compared with the individual flasks and plates used in the ordinary method, the 
flask of K medium showed slight inferiority to some and slight superiority to other in- 
dividual units. 

Other disadvantages were found in the difficulty and expense of preparing the 
medium and the greater time necessary before an organism could be identified. 

Repeated subcultures from the original K flask failed to show any invisible, filterable 
forms which could be converted to the ordinary state by transfer to solid medium as alleged 
by Kendall. There was no evidence in the cases studied to show that the clinical picture 
was due to a filtrable, invisible form of an organism which did not show itself on the 
ordinary mediums. 

In several instances common organisms were found to pass through the Berkefeld 
filter, suggesting the possibility that the K medium may have had some influence in im- 
pairing the efficiency of the filter. 

LIVEB. FUNCTION: An Appraisal of the Modified Dextrose Tolerance Tests, Ricketts, 

H. J. Arch. Int. Med. 52: 147, 1933. 

The test in question follows: 

I. Estimation of blood sugar during fasting was made in the morning. 

2. The patient was then given 20 units of insulin. 

3. Twenty minutes later, the patient was given 50 gm. of dextrose in 500 c.c. of water 
by mouth, followed by 1,000 c.c. of water by mouth. 

4. Blood sugar determinations were made at one-half hour, one hour, two hours and 
three hours after the ingestion of the dextrose and water. 

The modified dextrose tolerance test of the function of the liver, as described by 
Althauscn, Gunther, Lagen and Kerr, was performed on ten patients who were considered 
to haveJfcjrmal livers at the time of examination, and on four patients with frank 
hepatic disease. 

Of the ten normal patients, nine responded to the test by a drop in blood sugar to 
points considerably below the critical level for normal reactions, and showed symptoms 
and signs of hypoglycemia. 

Of the four patients with frank hepatic disease, three responded by definite chemical 
and clinical hypoglycemia. 

There was no essential difference between the behavior of the normal and the ab- 
normal groups. 

The modified dextrose tolerance test in its present form is not a satisfactory measure 
of the metabolic function of the liver. 


PREGNANCY, Hormone Diagnosis of Viability of, Spielman, T„ Goldberger M a 

Prank, R. T. J. A. M. A. 101: 2 GO, 1933. ’ ’ 

Thirty-three pregnancy cases in which missed abortion was suspected or evnected 
were studied from the hormonal aspect in order to determine the relationship between the 
female sex hormone of the blood and the pituitary hormone of the urine on the one h,nG 
and fetal life or death on the other. e lmn 'L 

The Prank-Goldbcrger method was used in the blond studies, and either the Aschhcim- 
Zondek or the Friedman test in the urine studies. m 

A negative female sex hormone reaction wks obtained when the fetus was dead 
cures) and a positive reaction when the fetus was alive fS eases! Tin ' J “ (_3 

100 per cent correct. Thc results l*«c "ere 



106 


THE JOURNAL OP LABORATORY AND CLINICAL MEDICINE 


A negative pregnancy reaction was obtained when the fetus was dead in eleven 
cases, and ten cases gave positive reactions in spite of dead fetuses (approximately 50 per 
cent correct). 

The female sex hormone blood determination has proved itself in this small series an 
absolute indicator of whether a fetus is alive or dead. The urine pregnancy test is of 
value only when the reaction is negative. 

The presence or absence of the hormones depends on the degree of involution of the 
placenta and its attachment to the uterine wall. 

TUBERCULOSIS : The Tuberculin Patch Test, Grozin, M. Am. J. His. Child. 46: 17, 1033. 

The tuberculin patch test is made by moistening a piece of adhesive plaster with 1 
or 2 drops of tuberculin and applying it to the skin, which 1ms previously been cleaned 
with ether. For control, a piece of adhesive plnster without tuberculin mny be used. A 
positive reaction is indicated by redness studded with papules and vesicles. 

A study of 176 cases showed that this method compared favorably with the Pirquct 
test as to reliability. 

Its advantages over the Pirquct test and other tuberculin tests arc: 

a. It is absolutely painless and therefore does not spoil the relation between child 
and physician, or frighten a neurotic patient or anxious mother. 

b. It requires no boring, puncturing, scratching or rubbing. 

c. It requires no sterilization of instruments, such as lancets, needles, and syringes. 

d. There is no danger of infection. 

e. It is of much simpler technic, so that it can be done by nurses without much 
training. 

f. It is less time-consuming, since there is no waiting for the tuberculin to dry or to 
act on the skin, or watching that the child does not wipe it off or spread it to the area of 
control. It is therefore of advantage when large numbers nre to be tested or in busy 
practice, 

g. It is possible to control the area of reaction, since this is usually limited to the 
surface covered by the adhesive plaster. In other percutaneous tests, such ns the Atoro, 
the reaction cannot be controlled, once it has started, because the tuberculin must be 
rubbed into the skin, and friction of clothes tends to spread it still further. In the tuber- 
culin patch test the reaction can be regulated by the size of the adhesive plaster, by the 
number of drops of tuberculin and by the strength of the dilution. 

h. It is easier to interpret the results with the tuberculin patch test, because the 
area of reaction can be arbitrarily enlarged by applying larger pieces of adhesive plaster, 
more tuberculin and tuberculin of greater concentration. 

PNEUMONIA IN INFANTS, Due to B. Mucosus-Capsulatus, Jerguson, J. A., and Tower, 

A. A. Am. J. Dis. Child. 46: 59, 1933. 

Two cases of lobular pneumonia in infancy caused by Bacillus mucosus-capsulatus 
have been reported; the twins were seven months old, a girl and a boy. The girl con- 
tracted the disease first and died on the eighth day. The boy became ill two days after 
the onset of the illness in his sister but completely recovered after thirty-two dnys’ hos- 
pitalization. 

Bacteriologic examination of the throat and tracheal secretion is the most important 
procedure from a diagnostic standpoint. The extreme pallor of the skin and dehydration, 
the cough and mucopurulent nasal discharge in the two cases described in this report, 
together with the vomiting and diarrhea which cleared up early in the disease, are sug- 
gestive from a standpoint of differential diagnosis. 

Pneumonia in infants due to Bacillus mucosirs-capsulatus mny not terminate fatally. 
The pulmonary involvement is, perhaps, most often lobular, and the roentgen signs which 
are characteristic of the disease in adults may not occur in infants. 
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HEMOGLOBIN, Content of Blood in Infants, Elvehyem, C. A., Peterson, W. H., and 

Mendenhall, D. E. Am. J. Dis. Child. 46: 105, 1933. 

A hemoglobin curve for infants constructed from 2,000 determinations on 750 sub- 
jects varying in age from birth to five years is given. 

The hemoglobin content of the blood of infants was found to be high (22 gm.) but 
it fell rapidly and reached a low point at the age of from eight to twelve weeks. There 
was an increase between the ages of twelve and twenty-four weeks, and a slight decrease 
thereafter. The hemoglobin remained between 11 and 12 gm. until the infants were about 
two and one-half years old, after which it increased gradually. 

The rapid drop during the first few weeks of life and the low hemoglobin values 
recorded during the first six months were not prevented to any appreciable extent by the 
feeding of a good diet of natural foodstuffs. The hemoglobin values of the children on the 
special diet, however, began to increase at an earlier age than the average values for 
all the children. 
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Books and Monographs for Review should be sent direct to the Editor, 
Dr. Warren T. Vaughan, Professional Building, Richmond, Va. 


The Aetiology of Tuberculosis 1 ’-' 

'"PHIS is an English translation made by Dr. and Mrs. Max Pinner of Robert Koch’s 
original communication on the etiology of tuberculosis which appeared in the Berliner 
Klin incite Ti'ochcnxchrift the tenth of April, 18S2. The present volume was prepared by the 
National Tuberculosis Association to commemorate the fiftieth anniversary of the discovery 
of the cause of consumption. Dr. Allen Krause contributes an introductory appreciation of 
the epoch-making contribution of Koch. The booklet is illustrated with facsimiles of the 
first page of Koch’s original paper and several other pertinent photographs. 

Only two English translations have previously appeared, one in the Canada Medical and 
Surgical Journal, 1881, and the other in the Cincinnati Lancet and Clinic, 1SS3. 

Koch’s original contribution, long since a classic in medicine and an epoch-making 
paper, should long since have been available in this form and the translators and the Tuber- 
culosis Association are to be congratulated. 


Calcium Metabolism and Calcium Therapyf 

A K EXHAUSTIVE and at the same time authoritative treatise on onr knowledge of the 
** metabolism of calcium and its use in the treatment of disease. While the major portion 
of the volume is given to those diseases in which there is a clear-out error in calcinm 
metabolism, flic author also includes a discussion of quite a variety of diseases in which the 
use of calcium is certainly a moot question. The author of course rccognir.es this fact and 
outlines the treatment that has been recommended in this particular type of disease by 
those who claim to have obtained good results. 


Outline of the Cranial Nerves? 

T T’HIS is a small reference manual for students and for those of us who after a certain 
number of years find it difficult to recall the origin, distribution, functions, etc., of the 
cranial nerves. One of the author’s innovations which appears to be especially logical is his 
process of tracing the sensory nerves from the sensory end organs backward centrally, rather 
than in tlie usual reverse. The motor organs he traces from tho central point of origin of 
impulse to the periphery. One who has learned the cranial nerves with this method should 
bo better able to keep them distinct in his mind. 


•The Aetiology of Tuberculosis. By Dr. Robert Koch. A translation from the German 
of the original paper announcing the discovery of the Tubercle Bacillus, read before the 
Physiological Society in Berlin. March 24, 1882. and published in the Berliner Klinisclie 
Wochensclirift, 1882, xlx, 221, specially prepared for The American Review of Tuberculosis, 
March, 1932, by Dr. and Mrs. Max Pinner. With an introduction by Dr. Allen K. Krause. 
Cloth, pages 48. Published by the National Tuberculosis Association. New Tork. 1932. 

■fCaleium Metabolism and Calcium Therapy. By Abraham Cantarow, M.D. Instructor 
in Medicine. Jefferson Medical College : in charge of Laboratory of Biochemistry, Jefferson Hos- 
pital: Assistant Physician. Philadelphia General Hospital. With a Foreword by Hobart Amory 
Hare B.Sc., M.D., LL.D. Late Professor of Therapeutics, Materia Medico, and Diagnosis in tiie 
Jefferson. Medical College. Philadelphia. Second Edition, thoroughly revised, 25. pages, illus- 
trated, limp binding. Lea and Febiger, Philadelphia, 1933. 

iOutiine of the Cranial Nerves. By John Favill. A.B., M.D., F.A.C.P. Associate Clinical 
Professor of Neurolog}', Rush Medical College of tlie University of Chicago. Cloth, pages 112. 
The University of Chicago Press, Chicago, 111., 1933. 
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Oral Spirochetes and Belated Organisms in Fuso-Spirochetal Disease -' 

» LTHOUGH diseases which are now attributed to tlie fuso-spirochetal symbiosis can be 
r\ traced back in medical history even to the time of Hippocrates, our attention has been 
more centered on them since the World War following which the dissemination of trench 
mouth has forced our Interest in the condition. This volume discusses the biologic and cultural 
characteristics of oral spirochetes and fusiform bacilli, their symbiosis, and the characteristics 
of related organisms. Following this there is a clinical discussion of the various forms in 
which the infection may manifest itself including disease of the oral cavity, the bronchi, the 
lungs, the eyes, ears, mastoid, the nose and sinuses, the esophagus, meninges, brain, intestines, 
appendix, skin, and genitalia. In each case clinical characteristics, laboratory identification 
and therapeutic methods are presented in all necessary detail. 

There has been a need for a volume such as this and it may be well recommended. 


Criteria for the Classification and Diagnosis of Heart Diseasef 

T HIS small volume, edited by the Criteria Committee of the Heart Committee of the New 
York Tuberculosis and Health Association, and approved by the American Heart Associa- 
tion, illustrates well the further application of the use of tlm StaiMard Classified Nomen- 
clature of Disease, reviewed above. There will always be in the specialties need for a special 
system of classification of those maladies in which the physician is particularly interested. 
Both of these volumes have been approved by the American Heart Association and each finds 
its place. The volume under present review is that which would be of particular interest to 
those interested in cardiology. Its discussion of nomenclature in this particular field goes 
into much greater detail than the Standard Nomenclature but uses essentially the same system. 
In a large appendix we find very instructive chapters on radiologic diagnosis, involving ortho- 
diagrapliie tracings, and on diagnosis in the interpretation of electrocardiograms. 


Outline of Preventive Medicines 


'T'O VI ANY the title of this volume will he somewhat misleading insomuch as it suggests 
* the public health aspects of the subject. The volume is, however, not written from this 
viewpoint but rather from that of individual preventive medicine. It is a treatise prepared 
under the auspices of the Committee on Public Health Itelations of the New York Academy 
of Medicine, to which 24 outstanding physicians of New York have contributed, and dealing 
with the early recognition and prevention of disease in the individual. Starting with a 
chapter on the principles and methods of the periodic health examination, it next presents a 
detailed discussion of the incidence of disease. There follows a section on laboratory aids in 
the early recognition of disease. Next comes a section on preclinical medicine and’ hygiene 
emphasizing particularly the methods that should be applied with the individual patient in the 
prevention of possible future disease. Most of the remainder of the volume deals will, those 
disease of medicine, surgery and the specialties in which early recognition or prevention can 


•Oral Spirochetes and Related Organisms in Fuso-Smroehetni „ 

Smith. A.E.. M.D. Association Professor of Medicine. Duke Uni«^itv B> 'r T ' 

Durham, X. C. Formerly Bacteriologist and Pathologist to the Xew VoVt- n °. 

Incipient Tuberculosis. Ray Brook. XT Y. Cioth pages The* Ttani™^ State Hospital for 

pany, Baltimore, 1032. P ThG ^ !iIla,ns and Wilkins Com- 

•fCrlterla for the Classincation and Diagnosis of Heart t, ,, „ . 

mittoe of tlie Heart Committee of the New York Tuberculosis imi th . e Cr teria Com- 
■Toseph H Bainton, M.D.. Robert L. Levy. M.D.. Arthur c ri°r-ra t h S ca H h Relation. I nc .. 
M.D.. Chairman. Approved by the American Heart AFsocbrtTnn* 1 ' mi'P'i P. a .I old E - B - Pardee, 
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be accomplished or in which treatment should be instituted at an early stage in order to 
prevent the ravages of the later stages. As one contributor writes, “every late case was at 
one time an early one.” 

The popularity with which this volume has been received is readily understandable. 


Surgical Pathology* 

r T'HE third edition of Boyd \s Surgical Pathology follows the general program laid out in 
1 the first two editions. 'While there is much on microscopic pathology, gross pathology 
receives ample consideration, a feature which is most essential for good practice of surgery. 
Illustrations are very abundant and most excellent. 


The Medical Secretary! 

nr 1 HIS small volume is presented as a guide for doctors' secretaries and office assistants 
who have not had special training in this field. The advice given ranges all the way 
from personal appearance to the proper method of writing manuscripts for publication, and 
proof correction. The advice given is good and if the medical secretary were to conform to 
all specifications the doctor’s office would run most smoothly and would be spotless. One 
might feel that a lot of the advice given, is already obvious but when one enters some doctors’ 
offices, one realizes that there should be a distinct need for a volume such ns this that can be 
read and assimilated by a really ambitious secretary. 

Tlio trouble is that no matter wlmt the qualifications of a doctor's secretary, usually 
liis office reflects his own personality. However, it is entirely possible that a good secretary 
with a pride in her work and a loyalty to her employer might with the help of this small 
volume do' wonders for a doctor who has failed to realize that the appearance and running of 
his office really are important from tho point of view of the patient. 

A third section of the book devoted to medical terminology is really a glossary of the 
more common medical terms. However, it would be well to emphasize that no medical secre- 
tary can get along well without a medical dictionary. 


•Surgical Pathology. By ‘William Boyd, M.D., M.R.C.P. Ed.. F.R.C.P. Lond., Dipl. Psycli. 
F.R.S.C., Professor of Pathology, University of Manitoba ; Pathologist to the Winnipeg General 
Hospital, Winnipeg, Canada. Third Edition. Thoroughly Revised with 477 Illustrations and 13 
Colored Plates, cloth, pages SS6. XV. B. Saunders Company, Philadelphia, and London, 1 933. 

tThe Medical Secretary. By Minnie Genevieve Morse. Member Board of Registration. 
Association of Record Librarians of North America. Author of "Case Records in Small Hos- 
pitals." Cloth, pages 1S2. The Macmillan Company, New fork, 1933. • ■/- , 
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EDITORIAL 


AIR BORNE MOLDS 

T HE allergist whose interest in air home pollens takes him to the botanist 
for aid in the identification of weeds often finds to his surprise that the 
botanist knows very little of the taxonomy of the ordinary weeds and grasses. 
His interest both in the classroom and the field has been primarily in the brightly 
colored flowers and the trees. In the same way the bacteriologist has been onlv 
too well acquainted for many years with the air borne molds which are so prone 
to contaminate culture media, and which, indeed, he speaks of, as the weeds of 
the bacteriological laboratory. 

When it was discovered that molds and yeasts do actually produce morbid 
lesions not only in the skin but in the internal organs some attention was neces- 
sarily given to this form of microorganism, but the pathologist has probably 
contributed as much to our knowledge in this field as has the bacteriologist. 
Now, since it has been found that air borne molds may he responsible for dis- 
ease particularly in the allergic patient, the medical mycologist finds it desir- 
able to acquaint himself more intimately with the weeds of the laboratory. 
One who has made no special studies in this field might feel that there would 
he considerable difficulty in finding altogether satisfactory source books for 
reference. As a matter of fact some very excellent reference volumes are avail- 
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able which deal with just those phases of the mycology of air borne molds which 
will be of special interest to the bacteriologist and the clinician. While there 
are others, some of them more detailed, two most satisfactory books arc Bac- 
teriology by Buchanan and Ilenriei's Molds, Yeasts, and Aciinomyccics. One 
will rarely have occasion for more detailed information than is contained in 
these volumes but in such an event Stevens’ Plant Disease Fungi provides a 
very complete classification, while The Aspcrgilli by Thom and Church and 
The Penicillin by Thom provides the last word in the classification of these two 
great groups of molds. 

Hold spores are quite ubiquitous as will be vouched for by any bacteriolo- 
gist, housewife or sailwright. The spore count of molds in the air varies from 
a matter of hundreds in the outside air to tens of thousands or even hundreds 
of thousands per cubic yard of air in buildings. They exist in the ground to 
a depth varying around four feet but arc most numerous near the surface. In 
the earth they serve a useful purpose chiefly by breaking down cellulose into 
its simpler derivatives and by fixing nitrogen thereby preventing it from leach- 
ing out. Sometimes they form an almost symbiotic relationship with the roots 
of trees, preparing the nutritive substances in the immediate vicinity for ab- 
sorption by the roots. It is said that the orchid requires its symbiotic mold for 
existence. 

While air borne molds and yeasts are deleterious in certain industries, 
causing spoilage, in others they are employed to great advantage. In the 
Orient a mold is used to convert rice into sugar for the manufacture of alco- 
holic beverages. There, and in this country, Aspergillus orxjzac, the aspergillus 
of rice is employed for the manufacture of a diastatic ferment, mai-keted as 
Takadiastase. The citromyccs and other molds have been used for the manu- 
facture of citric acid. The dark brown sauce used in Chinese restaurants is a 
product of the fermentation of Aspergillus oryzac. Many cheeses are ripened 
with molds, the most important of which arc Camembert and Roquefort, which 
are ripened through the activity of the proteolytic ferment of a penicillium. 
Yeasts are employed in the fermentation of wines, beers, and in the making 
of bread. 

Many of the air borne molds have been found to be responsible for allergic 
coryza and asthma, and these fortunately include most of the common ones 
such as the mucors, the aspcrgilli, the penicillin, altemaria. It is of course a 
logical observation that the commoner air borne molds should be responsible 
for this type of reaction. 

The clinical bacteriologist will as time goes on in all probability develop 
an increasing interest not only in the pathogenic molds but in tire nonpathogens 
mentioned above. 
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the city of Nashville and from tlie surrounding rural districts, and some from 
other cities. Many who resided in the city had previously lived on farms 
where they may have acquired their intestinal parasites. Because of this 
fact no attempt has been made to separate them into urban and rural groups. 
The results represent the incidence of these parasites from the combined ur- 
ban and rural population of middle Tennessee. 

The technic of fecal examination was as follows: 

1. A heavy smear preparation in saline was examined for Strongyloidcs 
larvae and eggs of helminths. 

2. A thin smear preparation in saline was examined for motile protozoa. 

3. A salt-flotation test was performed for eggs of helminths. 

4. About a cubic centimeter of the specimen was emulsified in tap water 
by shaking in a 25 e.e. test tube and filtered into a 50 c.e. centrifuge tube 
through “sheet-cotton" made absorbent by soaking in gasoline. The cotton 
was washed through with tap water up about 40 c.e., and the filtrate centri- 
fuged at about 1,800 revolutions for one-lialf to one minute. The super- 
natant fluid was poured off and a portion of the sediment was examined in 
iodine eosin solution for protozoan cysts. 

5. In eases where the identification of motile amebas or cysts was doubt- 
ful in fresh preparations, smears were stained with iron hematoxylin. 

Most of the patients received only one fecal examination. When more 
than one was made it was usually done either to check the previous finding 
of E. histolytica or to follow the effect of treatment, or to make a more thor- 
ough search for the parasite in cases suspected of harboring it. This report 
may therefore be considered on the basis of one examination per person. 

Table I shows the results of these examinations. It will be seen that 
E. histolytica was found in 63 patients or 3.0 per cent of the series. Of these 
63 patients, only two were suffering from frank amebic dysentery. One 
other showed trophozoites which were identified as E. histolytica by stained 


Table I 

Summary of Fecal Examinations on 2,112 Patients in Vanderbilt Hospital 
January 1, 1930 to June 30, 1932 



1,231 PROM MEDICAL 
O- P, D. 

SSI PROM OTHER i 
SOURCES ' 

TOTAL 

NO. POS. 

% POS. 

NO. POS. 

% POS. 

NO. POS. 

% POS. 

One or more parasites 

340 

27.6 

302 

34.3 

642 

30.4 

Endamocha histolytica 

38 

3.1 

25 

2.8 

63 

3.0 

Endamoeba coli 

172 

14.0 

97 

11.0 

269 1 

12.7 

Endolimax nana 

90 

7.8 

57 

6.5 

153 

7.3 

Jodamocha biitschlii 

44 

3.6 

24 

2.7 

68 

3.2 

Giardia lamhlia 

34 

2.8 

81 

0.2 i 

115 

5.5 

Chilomastix mesnili 

42 

3.4 

31 


73 

3.5 

Trichomonas hominis 

10 

1.3 

19 


35 

1.7 

Enteromonas hominis 

1 

0.1 

5 

0.6 

6 

0.3 

A scarfs htmbricoidcs 

3 

0.2 

50 

5.7 

53 

2.5 

Trichuris Irichura 

3 

0.2 

19 

2.2 

22 

1.0 

Hookworm 

11 

0.9 

13 

1.5 

24 

1.1 

Eyme-nolepis nana 

5 

0.4 

19 

2.2 

24 

1.1 

S Xxongyloides stercoralis 

4 

0.3 

10 

1.1 

14 

0.7 

■ Ytfsxobius vermicularis 

0 

0.0 

3 

0.3 

3 

0.14 
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smear aud culture, and three others showed both trophozoites and cysts. Only 
cysts were found in the specimens from the other 57 patients. A few of these 
were suffering from gastrointestinal complaints but most of them came to 
the hospital for trouble not apparently associated with amebic infection. 


The other protozoa found in this series appeared approximately in the 
incidence which would be expected if the incidence of E. histolytica in the 
group is taken as a basis for comparison. The incidence of the various hel- 
minths is also in accord with what is to be expected in a combined city and 
rural group in this geographic region. It might be noted that Strongyloides 
larvae were found in fourteen patients, which is more than half as frequently 
as hookworm eggs were encountered. This indicates that Strongyloides is of 
some importance as a parasite of man in this region even in a city hospital. 
It will also be noted that all of the helminths as well as Giardia had a higher 
incidence in the in-patient group than in the out-patients. This is probably 
to be accounted for by the fact that a considerable proportion of the latter 
group were children, in whom the incidence of both Giardia and the helminths 
is generally higher than in adults. 


Table II compares the results of the Nashville summary for protozoa with 
those from Chicago, Baltimore, and New Orleans. It will be seen that Balti- 
more seems to enjoy the lowest incidence, Chicago comes second, Nashville 
third, and New Orleans highest. One would expect the incidence to be pro- 
gressively higher from north to south and these studies suggest that it is, with 
the exception of Baltimore. The patients examined by Andrews and Paulson 2 
in Baltimore were a selected group in that they all suffered from gastrointes- 
tinal complaints. It is conceivable that such patients sometimes may lose their 
intestinal protozoa because of an unfavorable environment produced by other 
pathologic conditions in the gastrointestinal tract. It would be interesting to 
know whether an unselected series of hospital in-patients or out-patients in 
Baltimore would show a higher incidence of intestinal protozoa. In the ease 
of New Orleans, one would expect to find a higher incidence of intestinal pro- 
tozoa there than in the inland cities of the South since New Orleans is exposed 
to the importation of such infections from the tropics. ’ "i 


A comparison of the incidence of the human intestinal parasites for Van 
derbilt Hospital with that for the rural population of eight of the surrounding 
counties and for the rural population of the State of Tennessee as a Z 

given in Table III. The data for the surrounding counties and the state are 
taken from the recent surveys reported by Aleleney, Bishop and Leathers* for 
the protozoa and by Keller, Leathers and Bishop* for the helminths Tl 
table shows that the incidence of almost everv parasite i c i,;„i • i T 

rounding rural area than in the Vanderbilt Ho^ital patients. = This can p'artlv 

z “•.*•*. ,hat ~ ^ 

dence of these parasites is generally higher than in adults ' T 

amebas, however, this would not applv since their i - i ^ C3Se ° f the 

sally found to be higher in adults than in children ^Thet ^ ^ Univer - 

the amebas in the Vanderbilt Hospital patients ft an in T" of 

l mius tnan m the surrounding 
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Hospital Surveys in tiie United States for Intestinal Protozoa 
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Table III 


IXCIDEXCE OF HUMAX IXTESTJXAL PARASITES IX VaXDEBBILT HOSPITAL PATIEXTS AXD IX THE 

Bubal Populatiox of Texxessee 



PROTOZOA | 

HELMIXTHS 

d 

C* 

> 

i 

K 

o 

p 

5 

9 

s 

o ; 
'?« 

a 

a 


x ; 
£ 

X 

o 

o 

sntvosv 

1 

X 

p 

**< 

o ; 

S 1 

HOOKWORM 

cc 

© 

X 

K v- 

£ X 
> < 

P Jz 

Vanderbilt Hospital 

3.0 | 

12.7 

7.3 

3.2 

5.5 

i 3.5 

2.5 

1.0 

1.1 

i.i 

Kural population of eight 

1 










surrounding counties 

9.5 

32.0 

13.3 

4.3 

15.0 

3.5 

16.7 

2.5 

; o.2 

1.8 

Rural Tennessee as a 




; 







whole 

11.4 

32.1 

11.9 

4.1 

14.7 

2.9 

27.1 

7.6 

6.8 

2.9 


rural area is probably due to the fact that the majority of the hospital pa- 
tients ire re residents of the city, where excreta disposal is more sanitary, 
where flies are somewhat less abundant, and where personal hygiene is in 
general better than in the rural areas. 


Table III also shows that the counties surrounding Nashville have an inci- 
dence of intestinal protozoa approximately the same as that for the rural 
population of Tennessee as a whole. In the case of the helminths, however, 
these counties are considerably below the incidence for the whole state due to 
the fact that these counties are situated mainly in the “Central Basin” of the 
state, where the conditions necessary for the transmission of the helminths 
are less favorable than in some other parts of Tennessee. 

It should be remembered that the incidence percentages here reported do 
not represent the actual incidence in the groups studied. It is estimated that 
one fecal examination by the technic employed for protozoa will reveal about 
half of those actually harboring E. histolytica. On this basis the actual inci- 
dence of this parasite in the Vanderbilt Hospital patients ivould be about 6 per 
cent, that in the surrounding rural area would be about 19 per cent and that 
for the rural population of Tennessee as a whole would be about 23 per cent. 

The higher incidence of intestinal protozoa in the rural areas is empha- 
sized particularly in order to focus attention upon the rural population in con- 
nection with the problem of amebiasis in the United States. 


Andrews and Paulson 2 in the report of their Baltimore study state, “The 
incidence of intestinal protozoa in such a civilian” (apparently meaning 
“city”) “group as has been described, is probably more nearly representative 
of the incidence of intestinal protozoa in residents of the temperate zone as a 
whole than incidences based upon the previously mentioned surveys” (insti- 
tutions, troops, mining camps, remote rural districts) “in as much as most 
of the population of the temperate zone now is concentrated within lar"e 
cities.” This statement leaves the rural population too much out of consid- 
eration. The United States Census for 1930 shows that 43.8 per cent of the 
population of the whole country is rural, and that even in Ham-land 40 2 uer 

rir.rr 1 - Tn thc portion of the countr >' designated in the Census as “The 
Ixorth 3„.S per cent, or nearly one-third of the population, is still rural and 
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in the portion designated in the Census as “The South,” which includes 
Maryland, 65.9 per cent, or nearly two-thirds, is rural. It. is evident, there- 
fore, that the rural population must, si ill be considered import aut in determin- 
ing the incidence of intestinal protozoa in the United States. 

Again Craig 6 in speaking of the amebiasis problem states, “It is un- 
doubtedly true that the vast majority of infections with Endamocba histolytica 
in this country are acquired through food handlers in public eating places” 
(institutions, hospitals, hotels, restaurants, etc.). “While in rural communi- 
ties infection undoubtedly occurs in the home, and while this is also true to 
a lesser extent in the cities, it is no less true that the great source of infection in 
this country is the food handler in public eating places.” Craig 0 thus focuses 
attention on towns and cities as the location of the main problem of amebiasis 
in the United States. It is undoubtedly true that public food handlers are 
an important source of infection in cities, and the necessity for their con- 
trol should not be minimized. On the other hand, the data which have been 
presented for Tennessee in Table III show that the incidence of amebiasis in 
the rural areas is three or four times as high as in the city, and it is fair to 
assume that this does not apply to Tennessee alone. This indicates that, the 
conditions for transmission of the dysentery ameba are much more favorable 
in the rural districts than in the cities. In the matter of sewage disposal and 
in the protection of excreta and food from flies, American cities present on 
the whole much better conditions than most rural districts. Food handlers 
in public eating places, although they may have no adequate conception of 
the hygienic handling of food, usually have some degree of supervision which 
would at least tend to limit the frequency with which they would convey the 
parasite to the patrons of these places. In the poor rural home, however, 
where close personal contact constantly occurs, often under the most unhy- 
gienic conditions, the opportunities for transmission within the family are 
much greater. The mother as food handler and nurse, the children constantly 
playing together, and the fly with its free access to feces and food probably 
all contribute to the spread of the intestinal protozoa in the family. The long 
duration of these infections is undoubtedly responsible for their continuation 
and spread in new family groups by marriage. Frequent visiting between 
families, and the roaming habits of the fly are probably responsible in the 
main for transmission from house to house. It seems important, therefore, 
to focus attention upon the amebiasis problem in rural districts as well as in 
cities. It must be remembered that the adult population of cities is made up 
to a significant degree of persons who spent their childhood in rural districts, 
and that such persons often are employed as domestic servants and public 
food handlers. It is therefore possible that sources of infection in cities may 
frequently have their origin in rural areas. 

In conclusion it may be said that the results of the examinations in Van- 
derbilt Hospital indicate that the careful routine examination of fecal speci- 
mens from hospital patients anywhere in the United States is well worth the 
effort in revealing the occasional presence of pathogenic animal parasites, and 
in discovering a pathologic condition which might not otherwise be diagnosed. 
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It is undoubtedly true, as Craig 0 states, that fecal examinations are often more 
important for a correct diagnosis than some of the other diagnostic measures 
ordinarily employed as a routine at the present time. 


SUMMARY 

1. The results of routine fecal examinations for animal parasites in 2,112 
hospital patients in Nashville, Tennessee, are reported. The incidence is some- 
what higher for most of the intestinal protozoa than is reported for Chicago 
and Baltimore, hut lower (for E. histolytica) than is reported for New Orleans. 

2. The incidence of most of the intestinal parasites in hospital patients 
in Nashville is lower than for the surrounding rural area, and lower than for 
the rural population of Tennessee as a whole. 

3. The problem of amebiasis in Tennessee is apparently more a rural 
problem than an urban problem, though the latter should not be ignored. 

4. Careful routine fecal examinations of hospital patients should be em- 
ployed much more than is the custom at the present time in the United States. 
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STUDIES IN THE PHARMACOLOGY OP LOCAL ANESTHETICS 


VI. Comparison op Metycaine "With Cocaine and Procaine on 
Experimental Animals 


Edward E. Swanson, Indianapolis, Ind. 


introduction 

PRELIMINARY pharmacologic data on certain of McElvain’s 1 local anes- 
* thetics, piperidine derivatives, have been reporied by McElvain and Jones 1 
and Rose. 2 Some of tliese compounds were submitted to Dr. Tv. R. Meeker 
of Mobile, Alabama, for comparative clinical evaluation. Dr. Meeker* finally 
selected the compound gamma — (2-methyl-piperidino) — propyl benzoate hy- 
drochloride as the compound which showed promise of a useful local anes- 
thetic. 

Since that selection considerable pharmacologic data have been reported 
on this compound by Coles and Rose 1 ; Rose, Coles, and Thompson 5 ; Coles 
and Rose 0 ; and Rose. 7 

This article is a continuation of the pharmacologic study of this com- 
pound in comparison with cocaine and procaine, particularly, the action of 
gamma — (2-inethyl-piperidino) — propyl benzoate hydrochloride (metycaine) 
on the perfused heart of frogs, on the blood pressure and respiration of anes- 
thetized and pithed dogs, on the perfused legs of frogs (peripheral vessels), 
and on the sensory nerve trunk (sciatic of rabbits). 

Action on the Perfused Frog Heart . — The hearts of large leopold frogs 
were used. The perfusion experiments were performed during the months of 
September and October. The Howell modification of Ringer’s solution was 
used ; that is, NaCl 0.7, CaCL 0.026, HC1 0.03, the quantities referring to grams 
of the anhydrous salts per 100 c.e. of distilled water. This solution had a Ph 
of 7.2 to 7.3 (colorimetric). The temperature of the solution and of the hearts 
was kept at 22° C. to 24° C. during the experiments. The hearts were per- 
fused essentially according to the method of Sollmanu and Barlow® under con- 
stant pressure from the vena cava, the fluid escaping from the wounds and 
from the inferior end of the vena cava. The perfusion was made by a heart 
perfusion cannula (Dr. Greene’s). 

Various dilutions (1:5,000, 1:10,000, 1:20,000, 1:40,000, and 1:80,000) of 
the local anesthetics, cocaine, procaine, and metycaine, were used. At least 3 
frog hearts were used for each dilution. 

Cocaine with a dilution of 1 :5,000, shows a very marked decrease in rate 
and amplitude and inhibition of rhythm. This is also observed with dilutions 
of 1 -.10,000, 1 -.20,000, and 1 :40,000. A dilution of 1 -.80,000 produces no change 
in amplitude and rhythm and only a slight decrease in rate (see Fig. 1). 

•From the Lilly Research Laboratories, Eli Lilly and Company, Indianapolis. Ind. 
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Procaine, with a dilution of 1:5,000, shows a distinct change in rate and 
amplitude and an inhibition of rhythm, although not equal to that of cocaine 
(1:5,000). Dilutions of 1:10,000 and 1:20,000 of procaine produce a slight 
decrease in amplitude and in rate without disturbance of rhythm. Dilutions 
of 1:40,000 and 1:SO,000 of procaine produce a distinct stimulation, and an 
increase in amplitude and rate (see Fig. 2). 

Metycaine (1:5,000) produces an auricular ventricular block, Metycaine 
(1:10,000, 1:20,000, and 1:30,000) produces a decrease in amplitude and a de- 
crease in rate without disturbance of rhythm (see Fig. 3). Dilutions of 



Fig. 1.— Represents a tracing of a perfused frog heart. The normal heart rate is 48 
Following the perfusion of cocaine 1-10.000, the heart shows an A-V block with a marked 
change in rate. 


jZ-J-Zlktl _ 


" ; . « *;t ■ - .■ ' •-..‘V . 


1 ,’y". Vt.:, iV 


Fig. 2. — Represents a tracing of a perfused fro-' heart n. „ __ , . 

Following the perfusion of procaine 1-10.000, the heart rate is . heart rate is 54. 

there is only a slight decrease in amplitude. 6 s conl Paratively unchanged and 

1 :40,000 and 1 :80,000 produce a slight stimulation in 50 per cent of the hearts 
Thus, metycaine produces less depressing symptoms on the perfused fro* 
heart than cocaine but is more depressant than procaine P ° * ° 

Action on the Blood Pressure and Respiration of Anesthetist rv*t 
Sodium Amytal) Bogs.— Fourteen dogs were used fi [^ther and 

*>*» (40 Mg. pet kg teSenoX T ^ “ 

pithed. The vagi were cut in some of the anesthetic ‘ ’ T d ° gS WeCe 
of 1 mg. to 10 mg. per kg. of cocaine orel ! * ex P enments - Doses 

intravenously. In some of the experiments alteranH “ et * Vcain ® were Ejected 
theties were injected in the same animal. ’ 1Dg d ° SeS ° f the IoCal anes ' 
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The effects of all three of the local anesthetics on the general circulation 
are partly central and partly peripheral. Cocaine in small doses (1 to 2 mg. 
per kg.) causes a distinct increase in blood pressure and a slower pulse rate. 
In moderate doses (3 to 5 mg. per kg.), the pulse is increased and a rise in 
blood pressure is observed. This rise in blood pressure and change in pulse 
rate, with small doses and moderate doses, is less in dogs with vagi cut, and 
practically absent in pithed dogs. Large doses (5 to 30 mg. jier kg.) of ctcaine 
produce in anesthetized and pithed dogs a very great fall of blood pressure 
and a weak, slow pulse. 

Procaine in small doses (1 to 2 mg. per kg.) produces a very slight rise in 
blood pressure and very little change in pulse rate in anesthetized (ether and 
sodium amytal) dogs. In dogs with vagi cut or pithed, the rise is absent. The 
rise, which occurs after the use of small doses of cocaine, is generally higher 
than the rise produced by procaine. Procaine, in moderate doses (3 to 5 mg. 



Fig:. 3.— Represents a tracing- of a perfused frog Iicart The normal heart rate Is 12. 
the ai-roiv shows the change fromi control solution to a 1-10,000 metyeaine solution. Numbers 
-b ana di) represent the heart rate following* the perfusion of the local anesthetic. There is a 
decrease m amplitude. 

per kg.), generally causes no change or a drop in blood pressure and an in- 
creased pulse rate. Procaine in large doses (5 to 10 mg. per kg.) produces 
in experiments a distinct drop in blood pressure and a 'slow pulse; however, 
equivalent doses of cocaine produce a greater drop in blood pressure and a 
slower pulse. 

Metyeaine in small doses (1 to 2 mg. per kg.) produces either a very 
slight rise or no change in blood pressure, and very little change in pulse rate. 
With small doses (1 to 2 mg. per kg.), the fall of blood pressure predominates 
in anesthetized dogs (vagi cut) or pithed dogs. Metyeaine in moderate doses 
(3 to 5 mg. per kg.) either produces no change or a slight fall in blood pres- 
sure, and a distinct increase in pulse rate. Metyeaine in large doses (5 to 
10 mg. per kg.) produces a fall in blood pressure and a slow, weak poise rate. 
This fall of blood pressure and slow pulse rate with equivalent, doses is more 
than with procaine and less than with cocaine. 
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The effects on respiration with small doses (1 to 2 mg. per kg.) of cocaine, 
metycaine, and procaine are acceleration, the degree of acceleration being in 
tiie order named. Moderate (3 to 5 mg. per kg.) doses of cocaine, metycaine, 
and procaine increase the respiration rate, but decrease the amplitude. Large 
doses (5 to 10 mg. per kg.) of cocaine, metycaine, and procaine cause depres- 
sion of respiration, the degree of depression being in the order named. 

Action on Perfused Frog Legs (Peripheral Vessels). — The perfusion 
method of frog legs used was essentially that of Trendelenburg's. 9 The frog 
was pithed, a cannula (Greene) inserted into the abdominal aorta. The out- 
flow from the abdominal vein was recorded by the number of drops. The 
local anesthetics were perfused from a Mariotte bottle through a “Y ,J con- 
nection. 

At least 2 or more frogs were used on each dilution. The dilutions used 
were 1:1,000, 1:2,500, and 1:5,000 of each local anesthetic. Epinephrine 
1 :40,000 dilution, and sodium nitrite 1 :1,000 dilution were used to show vaso- 
, constriction and vasodilatation after the local anesthetic was given. The re- 
sults of these experiments are given in Table I. 


Table I 

Pee fusion’ of Pp.og Legs 
(Laewen -Trendelenburg Method)* 


DRUG 


Cocaine 

Cocaine 

Cocaine 

Metycaine 

Metycaine 

Metycaine 

Procaine 

Procaine 

Procaine 

Sodium nitrite 

Epinephrine 


DILUTION 


1 : 

1 : 

1: 

1: 

1: 


1,000 

2,500 

5.000 

1.000 

2,500 

1: 5,000 
1: 1,000 
1: 2,500 
1: 5,000 
1: 1,000 
1:40,000 


NUMBER 

OF 

FROGS 


3 

2 

3 

2 

3 

2 

o 

2 

2 

16 

16 


TIME OF 
MAXIMUM 
EFFECT 


minutes 

15 

15 

15 

15 

15 

15 

15 

15 

15 

10-30 

10-20 


DECREASE 

(CON- 

STRICTION) 


drops 

4 


35 


INCREASE 

(DILA- 

TATION) 


drops 


A 

0 

0 

0 

0 

0 

0 

10 


1&10. * Laewen ’ A ' : Arch - eXpen Path - Pharm ' 51: 41 6 - 1904 - Trendelenburg, F. : ibid. 63: fiT 
As shown in Table I metycaine and procaine produce neither 
of°T:5.000. rOdUCeS constriction in dilut,ons of 1:1 -«00 and 1:3.500 a^diiatet”oS°in dimt/o°S 

Action on the Sensory Nerve Trunks (Sciatic).—' The method used is essen 
tially that of Biberfeld and Pototsky and elaborated by Schmitz and Loeven 
hart. 10 In this study, the technic of the latter was used 

AS shown in Tabic II, a 0.75 por cent solution of metvcaine produces anes 
thes. a equivalent to a 3 por cent solution of eocaine and a 0 a per cent solo 
tion of procaine. 1 m som_ 

Action Co Smooth .IWc.-Thc action of metvcaine, eoeaiue. and procaine 
on smooth muscle was determined on the isolated intnet:,, i * : u procaine 
is o,u,cd bladder of rats, aud isolated 

is dis,r„L';h; a alTc,“, a^theCef Ueh “““T * rhvthin 

produces inhibition equivalent to cocaine LSO.OTlTaud pr^^.^®' 000 
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The action of these compounds on the isolated bladder strips of rats shows 
contraction and a distinct increase in rhythm, the order of their increased 
effectiveness in dilutions of 1:5,000 and 1:10,000 being metycaine, cocaine and 
procaine. 

In dilutions of 1 :5,000 and 1 :10,000. these local anesthetics produce a dis- 
tinct contraction of the isolated uterus of guinea pigs and a contraction and 
increased rhythm of the isolated uterus of rabbits, their effectiveness in equiv- 
alent dilutions being in the same order, metycaine, cocaine, and procaine. Thus, 
the action of metycaine in equivalent dilutions on smooth muscle is apparently 
more effective than either cocaine or procaine. 


CONCLUSIONS 

1. Metycaine produces less depressing symptoms on the perfused frog 
heart than cocaine, but is more depressant than procaine. 

2. The comparative effects on the general circulation and respiration of 
metycaine are more like procaine than cocaine. 

B. Metycaine on the peripheral vessels is more like procaine than cocaine. 

4. The action of metycaine on the sensory nerve trunk (sciatic) is two- 
thirds as effective as procaine and more than three times as effective as 
cocaine. 

5. Metycaine on smooth muscle is more effective than either procaine or 
cocaine; that is, in equivalent doses, metycaine produces more inhibition of 
isolated intestinal strips and more stimulation of isolated uterine or bladder 
strips than either cocaine or procaine. 
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A FATAL CASE OF SICKLE CELL ANEMIA WITH AUTOPSY 

FINDINGS' 5 


M. D. Hargrove. M.D., and AY. IL Mathews, M.D., Shreveport, La. 


S ICKLE cell anemia, an hemolytic anemia, in which many erythrocytes 
have a characteristic sickle or crescent shape, was first described by Iler- 
rich in 1910. Since that time the disease has been reported with increasing 
frequency by several observers, viz., Washburn, J. E. Cook. .J. Meyers, V. R. 
Mason, V. P. Sydenstrieker, J. G. Hucli, and others. 

It is a familial and hereditary disease confined largely, if not altogether, 
to the negro race. In those eases apparently white, investigation of the an- 
cestry has usually suggested mixed blood. The condition is congenital, being 
present at birth, and is probably due to congeirital defects in the spleen and 
blood-forming organs that result in changes in the erythrocytes which pre- 
dispose them to hemolysis and phagocytosis. The anemia, when present, is 
due to excessive blood destruction activated, perhaps, by factors that in a 
normal person would be innocuous. It exists in a latent and active phase. 
The latent phase presents neither definite symptoms nor physical signs and is 
recognized only by special blood examination. The active phase presents 
definite symptoms and physical signs and the characteristic sickling may be 
seen on an ordinarily stained blood smear. 

A number of cases have been reported in recent years, probably the larg- 
est series by Sydenstrieker. In view of the fact that case reports with autopsy 
findings are very few, we feel justified in presenting this ease with autopsy 
report. 

case report 

Case 1. — Colored male, aged twenty-one, was admitted to the hospital on Nov. 27, 1931. 
At this time he complained of swelling of the entire body, shortness of breath, weakness and 
vertigo. The onset of the present illness was six months prior to admission, at which time 
he noticed edema of the feet and legs which gradually extended to the abdomen, face, and 
arms. Dizziness, weakness, dyspnea, palpitation, and headaches had been troublesome. Oc- 
casionally there was moderate epigastric pain brought on by drinking water or eating. On 
a previous admission to the hospital, September, 1931, a diagnosis of chronic nephritis was 
made. At this time he was anemic, red cell count 2,030,000, but the phenomenon of sickling 
was not noted. He remained in the hospital four weeks with subsidence of the edema and 
improvement of his general condition. 

Past History . — He had gonorrhea in 1929 without complications, diphtheria in 1927, 
pneumonia in 1922, mumps and measles when a small child, frequent attacks of tonsillitis, 
and several ulcers on the anterior surfaces of both legs six or eight years ago. His mother 
died at the age of forty-one of Bright’s disease. There was no history of blood dyscrasias 
in the family. 

•From Shreveport Charity Hospital. 

Received for publication, November 9. 1932. 
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Physical Examination . — lie was a fairly well-developed and nourished colored male 
with generalized edema and moderate dyspnea. There was an icteric tinge to the sclerae 
and the tonsils were hypertrophied and cryptic. A few moist rales were heard over the bases 
of the lungs. There was a systolic murmur heard best at the apex of the heart., not trans- 
mitted, and there was no apparent enlargement of the organ. Blood pressure was 150 systolic 
and 70 diastolic. The abdomen contained free fluid and the liver was palpable two finger- 
breadths below the costal margin. The spleen was not palpable. There were several scars 
on the anterior surfaces of the legs about the middle third. 

The patient remained in the hospital continuously from Nov. 27, 1931, to Feb. 2, 1932. 
Treatment was largely of a supportive nature. A suitable donor for blood transfusion could 
not be obtained either from his family or those who volunteered. Liver extract, ventriculin 
with iron and iron alone had no effect on the anemia. He ran a low grade temperature up 
to the last week, then 103.4° F. which we attributed to an exacerbation of the nephritis and 
bronchopneumonia. He died Feb. 2, 1932. 

The report of the laboratory work, made at intervals during his stay in the hospital, 
is given in Table I. 


Necropsy . — The body «as that of a w ell-developed colored male, aged twenty-one, with 
generalized edema. The pupils were equal, round, and measured 5 mm. in diameter. There 
was slight jaundice of the sclcrae and marked pallor of the conjunctivae. The teeth and 
gums were in good condition, tongue normal in appearance and consistence and the buccal 
mucosa was pale. The edema of the upper extremities was quite marked from the elbows 
downward, including the wrists and hands. The abdomen bulged. The pubic hair was nor- 
mal in quantity and distribution. The thighs and legs were equal and the skin, which pitted 
on pressure, was tense and shiny. The posterior cervical and inguinal lymph nodes were 
palpable. There were several scars on the anterior surfaces of the legs. 


AMomen . — The subcutaneous adipose tissue had a maximum thickness of 5 cm. in the 
midline anteriorly and presented a pale, gelatinous appearance due to the accumulation of 
fluid which was given up freely on compression. Several liters of lemon colored, slightly 
turbid fluid were found in the peritoneal cavity. The peritoneum was smooth and was 
tinged yellow in color. The liver extended the breadth of four fingers below the costal 
margin in the midclavieular line, right. The appendix was small, retrocecal, and the serous 
covering was pale and smooth. There was marked edema of the mesentery and the fat 
in the omentum, which was rather scant, was a peculiar pale brownish color and was water- 
logged. The mesenteric lymph nodes were enlarged and sectioned surfaces were pale 
pink. The liver weighed 2250 gm., edges were rounded, and the capsular surface was 
smooth. Externally it was bluish red in color. Sectioned surfaces bulged slightly and 
were generally red or brownish red with small patches of yellow here and there «w 
faces were bathed with thin, watery blood. The sn7prn , ' 

wedge-shaped body lying along the gastrolineal ligament. Its' inferior extremity^w 
contact with the tail of the pancreas while the superior pole dirt ., 5 ln 

stomach. Its position was well toward the median line and much 
occupied by a normal organ. It measured 5 and 10 mm. respectively TL e 
extremities in width and its greatest thickness was 8 mm. It was 4 'em long^Th ° Wer 
deep wrinkles in the thick, gray capsule. Sectioned surf-.™* , i ' ■ S \ There 1Tere 
slightly retracted, and presented a sievelike appearance Th ^Lr™ 5 ' 1 COl ° r ’ dr -'’ 

size, firm, and the lobules were conspicuous. Surfaces were pink in color"* tT I '° nDal “ 
were normal in size, the pigmented zone normal in , . , C0 0r " Tiie prarenaU 

pinkish in color. The lulncys were about count in - ^ and Hle niedullae were 

was considerable yellowish red fatty tissue about ^ ^ There 

exposing smooth, mottled surfaces with persistent fetal lai/i' »•' 1 ca P su,es stepped easily 

in cutting resistance and surfaces bulged S v T, '! Thcrc " as -crease 
in thickness and the stria.ions were blurred" ani indistinct^ *«■» 5 to 9 mm. 
minute, bulging red points. The pyramids wore slightly swob 6 0n,cruli "' cre noted as 
outer surfaces, mottled. The pelvic fat was not cxce-sb- m ’ Uk ° thc COrticcs and 

and pale. The ureter, were free from abn^ a^‘« £ 
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Table I 

Laboratory Data 


brine 


BATE 

11/27/31 

12/10/31 

1/21/32 

Specific gravity 

1.013 

1.010 

1.010 

Reaction 

Aik. 

Netit. 

Acid 

Albumin 

4 -plus 

1 -plus 

2 -plus 

Sugar 

None 

None 

None 

Acetone 

None 

None 

None 

Casts 

Oce. hvaline 

None 

Hv. P. & G. Gr. 

Pus cells 

Manv 

Pew 

Loaded 

Epithelial cells 

Bladder 

Occ. sq. 

Sq. & bind. 

Crystals 

Phos. 

Phos. 


Amorphous sed. 

TIenvv 

Small amt. 


Bacteria 

Mod. No. 

Pew 

Many 

Erythrocytes 

Many 

None 

Few 


BLOOD 


DATE 

11/30/31 

12/15/31 

o 

Total white 

13,3.10 

14,709 

17,970 

Neutropliiles 

58 

79 

70 

Lymphocytes 

40 

2S 

17 

Eosinopliiles 

o 

:*) 


Basophiles 


i 


Large mon. 


7 

7 

Total R. B. C. 

1,700,000 

1,940,000 

1,230,000 

Hemoglobin 

33% 

30% 

20% 

Color index 

0.9 



Platelets 

200,100 

224,100 


Coag. time 

2 min. 



Bleed, time 

0 min. 



Nucleated reds 

Manv 

13 


Poikilocvtosis 

Marked 

Marked 


Anisocvtosis 

Marked 

Marked 


Achromia 

Marked 

Marked 


Polyehromasia 

Marked 

Marked 


Sickling 

Many 



Reticulocytes 

6.5% 



AVassermann 

Neg. 



Kahn 

Neg. 



Total protein 

4.0.0 

0.75 


N. P. N. 

33.3 

26.4 


Cholesterol 


2PS.4 


Albumin 

2.00 



Globulin 

1.90 



Urea 


11.9 


Icteric index 


30.3 


Fragility test 

No liemol. in 

dilutions from 0.5 to 0.28 


Basal metab. 

-13 

-9 

1/13 -7 

Gastric analysis 

Eree IIC1 13: 

Total acidity 71 



pale. The urinary bladder wall measured 1 C. cm. in thickness and there were large, clear 
bullae involving the lining of the organ. On section, these latter were found to represent 
submucous accumulations of serous fluid. The proslate and prostatic urethra showed nothing 
noteworthy. The stomach was normal in size. The rugae were quite conspicuous, and there 
was diffuse bluish red or dark red color in the lining. There was edema of all parts of the 
wall of the small and large intestines as well as passive congestion of the lining. 

Thorax . — Fluid of the same character as noted in the peritoneal cavity was present 
in both pleural cavities (amount estimated, 2 liters). The pericardial sac contained 750 
c.e. of clear, straw-colored fluid. The lungs were small. They were dark red at the bases 
and posteriorly and were mottled gray and black at the apices and anteriorly. There were old 
interlobar and apical adhesions on the right. The cutting resistance was increased and sur- 
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faces were brownish red in color. Rusty, frothy fluid could be expressed from cut surfaces 
of both organs. There were no areas of consolidation and antliracosis was moderate but 
diffuse. The main bronchi contained frothy fluid and their lining was pale. The tracheo- 
bronchial lymph nodes were antliracotic. The heart weighed 410 gm. and was slightly ovoid 
in shape. There was a milk patch on the anterior surface of the right ventricle measuring 
2 cm. in diameter. The epieardial fat was not excessive. There were no gross organic lesions 
of any of the orifices. The valve leaflets, cusps, and the mural endocardium were tinged 



Fig. 1 .— Spleen. Arrows point to the extremities of the organ. This represents full size 
except for V- cm. removed for section. A portion of the pancreas is above and a section of 
the stomach wall below. 



Figr. 


2. — Section from spleen showing fibrosis 
areas). The thickened capsule 


u noted 0 !,”- : i n r "ecrotic malpighian 
i. noted a-, infoldings (low power) 


bodies 


(dark 


yellow. The myocardium was brownish red in color -,,,,1 r - , 
maximum thickness of the left ventricular wa„ alt £ 

scars were noted m the loft ventricular wall at its t» ,• • ~ ^ , ‘ icr con spiciious 

and aorta was smooth and pale. 10 >nmg o the coronary arteries 

The convolutions of the brain were modcratek- 
fluid in the subarachnoid space. ' 0 ’ :in ^ * iere "as an excess of 

Tl “' <> tiki*. „„ 
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Microscopic Examination . — Tissues were fixed in formaldehyde and paraffin sections 
stained with hematoxylin and eosin. 

Heart . — There was moderate perivascular fibrosis which radiated between the adjacent 
muscle bundles. In addition, there were focal areas of degeneration with beginning con- 
nective tissue replacement. Relatively large areas of scarring which extended out to the 
epieardium were noted in some of the sections. There was diffuse engorgement of the small 
vessels. In places the nuclei were quite large. 

Lungs . — There was an increase in the peribronchial and finer connective tissue about 
the alveoli. The alveolar septa were quite thick, due both to the feature mentioned above 
(fibrosis) and engorgement of the capillaries. Red cells were present in many of the alveoli 
as well as “heart failure cells.” Many of the alveoli contained pink staining serous 
coagulum. The interstitial element was heavily laden in places with black pigment. 

Aorta . — The aorta presented nothing noteworthy. 

Spleen . — The capsule was thick and dense, and there were convolutions which extended 
deeply into the organ, almost meeting similar infoldings of the capsule from the opposite 



Fig. 3. — Section from spleen (high power). 


side. Trabeculae were not identified. The pulp was completely replaced by dense, relatively 
acellular but somewhat loosely arranged connective tissue. This latter separated dark 
staining oval or oblong areas in which clear-cut cellular structure was conspicuously absent. 
These appeared to be composed of the necrotic remains of the malpighian corpuscles. In 
the centers of most of the dark staining areas was a less dense oval space containing either 
homogeneous pale staining material, old erythrocytes or dense connective tissue. Surrounding 
these was a darker zone of varying width composed of debris of necrotic cells and, in not 
a few instances, old erythrocytes and brown pigment. 

Liver . — The capsule was slightly thickened. The central veins and adjacent portions 
of the sinusoids were engorged with erythrocytes, while the sinusoids at the periphery of the 
lobules showed this feature less conspicuously. The cell cords were relatively narrowed. 
There was diffuse hemaclironiatosis and cloudy swelling of the hepatic cells as well as fatty 
change in places. There was a varying amount of fibrosis, lymphocytic and, to a less 
extent, eosinophilic infiltration about the portal canals. In some instances fibrous strands 
radiated for some distance replacing the degenerated parenchyma. In such areas regeneration 
of bile capillaries was noted. 
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Kidneys . — The glomeruli showed a variety of changes which represented stages in the 
samo progressive process. Proliferation of the subcapsular cells with formation of crescents 
or circles which in many instances showed fusion, fibrosis and hyalinization was a conspicuous 
feature. Many of the glomerular tufts were small and in some instances presented as small 
fibrous or hyalinized balls. Adhesion of the tuft of capillaries to the thickened capsule of 
Bowman was present in main- places. Interstitial fibrosis and infiltration with lymphocytes, 
plasma cells, and an occasional cosinopliile, particularly around the glomeruli showing advanced 
change, were widespread in the cortex. The tubules were dilated in many instances and con- 
tained a serous coagulum or hyaline casts. The tubular epithelium showed cloudy swelling, 
fatty degeneration and necrosis, not diffuse. The capillaries were generally engorged and 
the glomeruli, normal in appearance, completely filled the subcapsular space in most instances. 

Pancreas . — Other than diffuse congestion and cloudy swelling, this organ showed noth- 
ing noteworthy. 

Suprarenals . — Postmortem change. 



FiC- E— Wet preparation of blood showing sickling. 


Injmph nodes .- The mesenteric and inguinal nodes showed diffuse fibrosis There was 
an accumulation of large, pale macrophages as well as an occasional eosxnoplnle and 
ncutropliile in some of the sinuses. A few eosinopbiles were present diffusely in the cortex 
and pulp cords. 


Summary of Gross and Microscopic Diagnoses. -Chronic passive congestion 
edema and anthraeosis of lungs; chronic pleuritis, right; chronic interstitial 
pneumonia; chronic fibrous myocarditis with moderate hvpertrophv of heart- 
milk patch on anterior surface, right ventricle; cloudy celling, homachroma- 

,os '*' hypemma and alight perilobular fiWia of livcr- 

nccros's and ..trophy of spW.n passive hypere.nia and cloudy atvcIUno „f 

m. 
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DISCUSSION 

This patient presented the characteristic findings of sickle cell anemia 
with an associated nephritis. The blood examinations showed the character- 
istic anemia, sickling, and leucocytosis. In addition, a decrease in the fragility 
of the erythrocytes was noted, no hemolysis occurring in dilutions which be- 
gan with 0.5 and ended with 0.28. In five latent cases, detected by routine 
examination of wet preparations on 137 negro patients, delayed fragility was 
also noted, hemolysis beginning in dilution 0.38 and incomplete in dilution 0.28. 

The characteristic pathology appears to be confined to the spleen and bone 
marrow. The findings in neither have been uniform which, perhaps, is best 
interpreted by assuming that different stages of a progressive process were 
encountered. There inav be enlargement or atrophy of the spleen. Congenital 
malformation of the sinuses with free escape of blood into the pulp and the 
formation of blood pools around the malpighian bodies are probably charac- 
teristic of the latent phase and the early or intermediate stages of the active 
form. Marked atrophy of the organ with complete fibrosis of the pulp and 
necrosis of the few remaining malpighian bodies, as in our case, probably in- 
dicate long duration of active disease. 

The bone marrow picture is that of chronic infection or injury with com- 
pensatory hyperplasia. Here again, the findings have not been constant. In 
our case there was simple hyperplasia of the marrow, while in Graham's case, 
there was chronic productive inflammation with centrifugal involvement of 
the bone. Chronic osteomyelitis, periostitis, leg ulcers, and even osteitis have 
been observed radiologically and at necropsy, but there may be fatal cases 
with atrophy of the spleen and the terminal complications such as nephritis 
and pneumonia which show none of these. 
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BLOOD CATALASE IN HEART DISEASE® 


1. Preliminary Report 


James C. IIealy, M.D., and Henry Baker. M.D., Boston, Mass. 


I N 1863 Schoenbein 1 described the catalytic effect of some substance in vege- 
table and animal tissues which liberated oxygen from a solution of hydro- 
gen dioxide. The activity of this principle could be diminished by the addition 
of weak acids, heat, and other anticatalytic agents and because of its evident 
biologic nature he considered it to be an enzyme and called it catalase. From 
close observation of the type of reaction it has been claimed 2 that this enzyme 
in tissues is relativelj' inactive but that in the first phase of its reaction with 
the dioxide it becomes an active catalase. Furthermore, its activity is in direct 
proportion to the hydrogen ion concentration of the solution, rising up to a 
certain point and in inverse proportion to the temperature within certain 
limits, becoming less active as the temperature rises. The optimum tempera- 
ture for the reaction is about 10° C., but temperatures up to 40° C. cause little 
if any, inactivation whereas at 58° C. about 25 per cent catalytic action is 
lost. 4 - *• fi - 7 


In testing for catalase different grades and brands of commercial hydro- 
gen dioxide solution have given varying yields of oxygen with the same tissue 
but the errors could be eliminated by neutralizing the solution with sodium 
hydroxide. 8 Margolis and his coworkers 3 found that high concentrations of 
hydrogen dioxide destroyed catalase in tissues and drew attention to the 
necessity of proper dilution. 

The function of tissue catalase has been a subject of considerable dispute 
and its true value is still unappreciated. The majoritv of authors feel and 
have shown by more or less conclusive deductions that it is an important met a 
bolic factor, particularly in intracellular oxidative processes Bur<m 9 found 
that the catalase content of tissues is dependent on or proportionate to the 
metabolism and vanes with the respiratory exchange A hi-di pi t ' V 

as 0 .'" "' ouM trom sp “ ilic actio,, Ms becn'slmrn toMnsc 

an increase m catalase content,'"- " anti after alcohol jnoestion . 

has been observed." Experimentally a fall in ,i ss „ e catalase has hem p™ 

tinned by starvat.on,'- caslrni.on. thyroidectomy," anti to a less extent bv n 
creatcctomy. ' ‘ 1 P'*n- 

Clinically. changes in catalase content have been recorded in 
eases. In primary anemia, a rise has been observed ,, 1 1 y tlis * 

n- finther in many 
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ported associated variations of both, in the same individual during- different 
parts of the day, 17 the occurrence of less tissue catalase in young kittens than 
adult cats, 18 and the 70 per cent increase in the blood during a mountain 
sojourn as compared with an increase of 38 per cent in the eiythrocj'tes. 11 ’ 
Varying favorably with the differences in metabolic rates, Alexeeff, et al.,"° 
have found that the catalase content of male blood exceeds that of the female 
by 10 per cent. Robben, 21 however, challenges this metabolism theory of 
catalase function and shows that catalase added to muscle exercised no effect 
on the respiratory exchange. Moreover, Stehle 8 found that catalase content 
of blood is directly proportionate to the concentration of red corpuscles, and is 
not related to biologic oxidative processes. Furthermore, in a large number 
of experiments on protein feeding, he failed to produce an increase in catalase 
except in one ease. In order of quantity catalase has been found and meas- 
ured in the following tissues.- blood, kidney, liver, spleen, lungs, heart, brain, 
and muscles. 22 Blood serum contains no catalase, 23 corpuscles suspended in 
isotonic solution fail to give the typical reaction with hydrogen dioxide, but 
laked erythrocytes liberate oxygen from the reagent, 21 the intensity of reac- 
tion varying with the number present. 25 

Catalase determinations have been reported in human organs both in 
health and disease. Diseased kidney has a decreased value, the content being 
less with the more extensive pathology. 25 ’ 27 The role of erythrocytes is em- 
phasized in the study of a pneumonia lung. During the stage of red hepatiza- 
tion, the catalase activity is increased over that of a normal lung and in a 
hemorrhagic infarct it is enormously increased. On the other hand, during 
gray hepatization, the pulmonary catalase is decreased. During ether or 
chloroform anesthesia, the catalase content of all tissues is decreased, 25 asphyxia 
having the same effect. 20 There is no appreciable change in diabetes, senility, 
eclampsia, 23 and there is no relation between change of heart rate and blood 
catalase. 25 Sollmann 30 investigated the catalase activity of the oral mucous 
membrane and found that there was no diagnostic change in the various forms 
of sore throat. 

In this study, the authors make no attempt to explain the role of blood 
catalase, but wish to point out the changes in heart disease and their diag- 
nostic value. 


TECHNIC 

In our work, several methods were tried, many being complicated. The 
set-up which proved to be the simplest to operate and the most efficient is that 
described by Hawk and Bergheim 31 with one minor modification by us. Most 
of the pathologic eases were seen at the Cardiac Clinic of the Boston City Hos- 
pital between ten and eleven o’clock in the morning, and all the blood speci- 
mens were taken at that hour in the order of the patient’s appearance at the 
elinic and without knowing the diagnosis. Each patient was questioned about 
the content of his breakfast ; those having had meat or eggs were tested on the 
following day when protein was eliminated from the meal. Complete blood 
examinations were done when indicated. After the oral temperature and 
pulse rate were recorded, blood was drawn into a special calibrated white 
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blood corpuscle diluting pipette up to tbe five mark from a puncture wound 
in the ear lobe. The pipette was then, filled with distilled water and the con- 
tents transferred to a small test tube, several distilled water washings of the 
pipette being added to the laked blood. This was then coi'ked and stored 
with the other morning's samples in the laboratory at 16° C. for twenty-four 
hours. 


To 85 c.c. of a 3.5 per cent solution of hydrogen dioxide, 32 15 c.c. N/10 
sodium hydroxide solution were added, both reagents having been stored at 
the same temperature as the blood. The above mixture was made up each day 
the tests were done and prepared afresh for each ten blood samples. 

The diluted laked blood was introduced into a 250 c.c. distilling flask and 
10 c.c. of neutral hydrogen pei-oxide solution added from a Johnson modified 
burette, the flask being rotated until a reaction became apparent, and the 
oxygen liberated collected over water by displacement in a graduated cylin- 
der. After an arbitrary time limit of five minutes, from the moment the 
hydrogen dioxide solution was introduced, the number of cubic centimeters 
oxygen liberated was read directly from the cy lin der 

One hundred thirty-six blood samples from the same number of appar- 
ently healthy individuals were examined in this way and the normal range 
was found to be 10 to 15 c.c. oxygen. One-fifth of that number and several of 
the pathologic cases listed in the table were checked on different days the 
figures agreeing within 5 per cent. 


Four hundred and twenty-nine eases were studied and the amounts of 
oxygen liberated by the individual bloods carefully checked. When a blood 
caused a 19 c.c. yield, it was repeated to be certain that it was not a borderline 
case and its proper classification ascertained. The average normal figure was 
found to be about 15 c.c,, thus putting all the normal cases in the 10-20 group. 

In the last two groups of Table I, we find practically all the cases of rheu- 
matic and scarlatinal endocarditis. There were 116 cases of mitral and aortic 
valvular disease of rheumatic etiology in the third group, a few of which were 
decompensated. All these were felt to be inactive affections as determined by 
the general clinical picture of each case and observation over a period varying 
from weeks to years. Seven others in this third group were found to be 
active, some at first examination and others after close study the averse 
yield being 29 c.c in these. In the final group 18 cases of active rheumatic 
endocarditis gave the typical high result, two having been thought to be sub 
acute bacterial endocarditis but the diagnosis was never finally established 
The three septicopyemia cases fall into the first two groups and a r e 
sharply differentiated from the rheumatic endocarditis of the latter 

Thirteen cases of scarlet fever are listed in the lower ran-e all L ? 

no organic heart complications Six other eases, known to have^a heart Teflon 
arising as a complication of the fever fall into +i,„ „i „ , ^ lesion 

— <"-» w* -ivc. r°- 

lar interest, when we consider the newer thenn- or w , s ale of particu- 
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Table I 


Diseases and Number or Cases Studied 

, Classified According 

to Oxygen* Yield 


0-20 

11-20 

21-30 OVER 30 

Normal 


13d 


Aortitis, syphilitic 

1 

3 


Aneurism 



1 

Myxedema 


3 


Hyperthyroidism 


O 


Colloid goiter 


3 


Diabetes mellitus 


8 


Infectious arthritis 


24 

1 

Artiiritis deformans 


14 


Leuecmia, myelogenous 

O 



Leucemia, lymphatic 

1 



Epilepsy 



1 

Psvchoneurosis 

7 



Nephrolithiasis 

i 



Hodgkins disease 

o 



Bronchopneumonia 



1 

Angina pectoris 


2 


Hypertension 


1G 


Nonvalvular heart disease 

2 

OO 


Functional murmurs 

7 

11 


Diphtheria myocarditis 

O 

4 


Scarlet fever 




(a) Normal hearts 

1 

12 


(b) With active endocarditis 



4 2 

Rheumatic heart disease 




(a) Decompensated 

1 



(b) Compensated and decompensated 



11G 

(c) Active 



7 18 

Gonococcal acute endocarditis 


1 


Staphylococcal acute endocarditis 

2 



Total cases 42!) 





fever complications while Reinhard 3 ' found it in only one ease of his series. 
Nobeconrt 30 believes that the same etiologic agent in scarlet fever, rheumatic 
fever, chorea, and tonsillitis cause similar heart lesions, and Falir, 37 from his 
pathologic studies, affirms his opinion of the general similarity of heart affec- 
tions in scarlet fever and rheumatic infection. Sutherland, 38 on the other hand, 
believes that an attack of scarlet fever sensitizes the endocardium in individ- 
uals susceptible to rheumatic infection and that such infection is latent in 
those cases becoming active in the presence of scarlatina. Swift 30 has classi- 
fied the heart complications of scarlet fever as follows : 

1. Toxic, similar to those complicating diphtheria and occurring in the first week of the 
disease. They are due to the action of the disease. They are due to the action of the 
toxin on the myocardium. 

2. Septicopyemic, malignant and rare. 

3. Allergic, which occurs in the third and fourth week of the disease and is due to an • 
acquired hypersensitiveness to the streptococcus or its toxin. 

Despite the fact that the number of cases is small, the blood reaction in 
scarlatinal endocarditis closely resembles that of rheumatic etiology and fur- 
ther study is warranted. 

. In five instances the catalase content of blood proved to be of no diag- 
nostic value. The first case was that of a decompensated mitral stenosis in 
which the yield was only 10 c.c. The second, an epileptic, yielded 26 e.c., an 



HEALY -BAKER : BLOOD CATALASE IX HEART DISEASE 


137 


infectious arthritis 21 c.c., aortic aneurysm 24.5 c.c., and a bronchopneumonia 
38 c.c. The last case was that of a prolonged migratory bronchopneumonia in 
which there were no heart complications. These determinations were repeated 
with identical results. 

In the early part of our work, we attempted to correlate our catalase 
values with the valve affected, intensity of physical signs, degree of dyspnea 
and other symptoms, grade of hypertrophy, but so far have found no relation 
to these factors. 


At the present, our knowledge consists in the recognition of normal cata- 
lase values in human blood from 0-20 c.c. A value of 21-30 indicates valvular 
disease, the final diagnosis being dependent on the entire clinical and labora- 
tory picture. At about 26, the lesion is probably active and over 30 certainly 
active. This was illustrated in the case of a medical student, twenty-six years 
of age, who first came under observation in October, 1931. At that time he 
was examined routinely on admission to the school and a tachycardia (rate 
110) noted. He complained of nervousness but otherwise felt well. Ten years 
before he had severe pains in his legs and was obliged to stay in bed for two 
weeks. From that time until his admission to medical school he had frequent 
sore throats but no return of joint pains and he had been frequently examined 
in school and college. Aside from the rapid pulse and cryptic tonsils the 
examination was normal. A month later a basal metabolism rate was advised 
because of the nervousness and persistent tachycardia. Two tests were per- 
formed, both being normal. 


The patient was seen by one of the authors in December, 1931, and early 
signs of heart disease were noted. The pulse rate was 96, rhythm regular, 
heart not enlarged to percussion, but there was a short blowing systolic mui’- 
mur at the apex, intensified by exercise and transmitted to the axilla. The 
first sound at the apex was short and of a snapping character and the second 
sound in the pulmonic area was reduplicated. A blood catalase test was per- 
formed, the result being 44. He was advised to enter a hospital but refused 
and was not seen again until Jan. 20, 1932. Then he complained of weakness 
pallor, palpitation, and precordial pain. Examination of the heart revealed 
a long crescendo presystolic murmur and snapping first sound at the mitral 
area. The pulmonic second sound was greatly accentuated. Apical and radial 
pulse rates were 126. An electrocardiogram showed a P-R. interval of' 0^0 
second and a QRS complex of 0.08 second duration. The blood catalase find 
mg was 41. The pat, cut was hospitalized and given large doses of salicylates 
together with comp etc rest. An orthodiagram revealed no heart enlargement 
The blood catalase quantity dropped to 28 c.c. oxygen yield over . period 
of two weeks and the pulse rate to 86. Tonsillectomv J , 

fifteenth day and the patient discharged to his homo ., ' P onn( ( on the 
-try. At that time P-R interval ™ 016 ^nd ^ f f 
QKS complex 0.0(5 second* Juration of tli e 

The authors were unable to -of in touch 
March 20. 1932. at which time ],e was obvionsk- T T ^ apa . ,n untiI 

complained of intermittent attacks of fever palpation' T” 0 ' Cardiac ' n<? 

• P< j nation, djspnea. precordial 
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pain and weakness. Physical examination of his heart revealed a rate of 100, 
enlargement to percussion, a long harsh diastolic murmur and short first sound 
at the mitral area. 

The results of a blood catalase test were 40.5 c.c. and this dropped to 30 
c.c. after a week's rest at his home and in May, 1932, lie was seen again with 
the same symptoms and signs and a catalase value over 40 c.c. 

In this particular case the authors feel that an earlier diagnosis might 
have been made by a catalase test when his tachycardia was first observed. 
The fact that a relatively short period of bed rest caused symptomatic and 
actual improvement as shown by the change in catalase content of his blood 
should suggest that a longer treatment would have arrested the lesion and 
probably brought the catalase value below 26. 

The authors were fortunate to obtain permission to study the blood re- 
action and use the record of two patients who came to necropsy. 

Case 1. — This twenty -three-year-old white female entered the Boston City Hospital 
Jan. 12, 1931, complaining of easy fatigue ability, shortness of breath and swelling of the 
ankles of several years’ duration. There was a history of rheumatic fever several years 
before and she had had a crop of red, tender nodules on her legs two months before admis- 
sion, which persisted for five weeks. The patient was kept in bed for three weeks, during 
which time the temperature was normal and she was sent home with a diagnosis of rheumatic 
heart disease. On March 3, 1931, she was readmitted to the hospital. Fever was the only 
complaint at this time and had persisted since February 21, when she had a mild sore 
throat, chilly sensations, and pains and swelling of the wrists and hands. Examination 
revealed a fairly well-developed and nourished, young female, not acutely ill. The eyes, 
ears, nose, and throat were normal. According to the record, physical examination of the 
heart revealed that the point of maximum intensity was in the fifth interspace outside of the 
inidclavicular line. There was a loud systolic murmur at the apex which was transmitted to 
the axilla; the first sound at the mitral area was loud and snapping and the second sound at 
the pulmonic area accentuated. The blood pressure was 110/70. The lungs and abdomen 
were normal, and there was no swelling of the joints. Examination of the nervous system 
revealed no abnormalities. 

Laboratory Examinations. — Urine and sputums were normal. The white count was 
15,600 on admission. Chest plates showed a mass to the right of the superior mediastinum, and 
an enlarged heart with a mitral deformity. Repeated blood cultures were negative except 
for one in which there was a growth of Streptococcus viridans. Late in her illness, the 
authors determined the catalase content of her blood and found it to bo 1S.5. This result, 
in view of the above studies, was not consistent, with a diagnosis of subacute bacterial endo- 
carditis. The catalase reactions repeatedly remained normal. 

Two weeks after admission, the chart showed a wild, swinging temperature ranging 
from 97° to 101°, until demise Jan. 19, 1932. Many roentgenograms of the chest were 
taken, were interpreted variously, and did not aid in clarifying the situation. Except for 
small, red, tender, skin nodules cultures from which showed Staphylococcus aureus which 
kept recurring and the development of enlarged swollen and tender knees, the condition of 
the patient did not change much over a period of several months. Death occurred suddenly. 

Clinical Diagnosis. — Subacute bacterial endocarditis, acute dilatation. 

Postmortem Examination. — The body was that of a poorly developed, poorly nourished 
white female. There was marked swelling of the first phalanx of the middle finger on each 
hand. Both knee joints and the right ankle joint were markedly enlarged. Over the anterior 
surface of the right thigh were several round, white scars about 1.5 cm. in diameter. 

Pleural Cavities. — The left pleural cavity was negative. The right plenral cavity in the 
region of the lower lobe was obliterated. The pleuras were thickened and on cross-section 
varied in thickness from 8 mm. to 2 cm. Patches of soft, yellow material, 0.3 to 1 cm. 
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in diameter were scattered through the deuse gray tissue representing the pleuras. In the 
region of the eighth rib at its point of juncture with the vertebral column, situated behind 
the pleura was a pocket of thick, yellow fluid 4 cm. by 2 cm. The ends of the ribs in this 
region were eroded. 

Pericardial Cavity. — Negative. 

Heart . — Weight 410 gm. There was a moderate degree of enlargement. The museularis 
was dark red and firm with no gross areas of scarring or softening. The endocardium was 
smooth and all valves were negative. Both coronary arteries were patent throughout. There 
were no congenital anomalies of the heart or of the pulmonary artery or aorta. 

Spleen . — Weight 220 gm. This organ was enlarged. The capsule was thin and 
wrinkled. Section showed a dark reddish purple parenchyma of soft consistence. The cut 
surface scraped with ease. 

Joints . — On opening the right knee joint, a quantity of thick, gray fluid containing 
many yellowish gray flakes, was discharged. There was abont 200 c.c. of this fluid. The 
synovial surfaces were fibrin coated. The synovia was soft, red, and thickened. It was 
closely adherent to the cartilage over the medial condyle of the femur. The semilunar 
cartilages could not be identified. The joint cartilage was smooth and glistening, except 
over the area of attachment to the synovia. 


ANATOMICAL DIAGNOSES 

Old pleurisy with abscess formation. 

Retro pleural abscess. 

Purulent arthritis. 

Cardiac hypertrophy. 

Chronic passive congestion of the liver. 

Enlargement of the kidneys. 


In this case the low blood catalase coefficient was the only finding- incon- 
sistent with a clinically typical picture of subacute bacterial endocarditis and 
the only antimortem finding consistent with the absence of an endocarditis at 
autopsy. 


Case 2.— J. G., a forty-seven-year-old male restauranteur was admitted to the Boston 
City Hospital in November, 1931, complaining of febrile attacks of five months’ duration 
Symptoms of fever, weakness, and loss of weight came on after a tonsillectomy in June 
1931. He had lost about sixty pounds of his weight during this time. Physical examination 
was entirely negative aside from the intermittent fever. Roentgenograms' of chest gastro 
intestinal system and skeleton were normal. The Kahn, Widal, agglutination tests for 
tularemia, red corpuscle count, and hemoglobin tests were normal. Blood cultures and re- 
peated searches for blood and intestinal parasites were negative. There was a per ‘ t 
leucopenia, the count varying from 2,700 to 4,400. The differential count was normal 
catalase determinations averaged 16 thus excluding the possible diagnosis of rheumatic heart 
disease or subacute bacterial endocarditis Quinine by mouth and arsphenamine intravenouslv 
were finally tned cmpmcally. The patient improved and was discharged during a remis- 
sion in January, 1932. b c “ 

The fever recurred and he was admitted to another hospital for two went-* ^ 
diagnosis was made. He reentered the Boston Citv Hospital in March 1900 ' h « c 110 
of fever for three weeks, vomiting and diarrhea following an injection 
Physical examination at this time revealed further loss of , 3 , f arsphenamine. 

and areas of brownish pigmentation on dmst "d Tal 7 L 7 T T 

slst hpcame wotc frc<iuent ^ ^ ^ ^ rrsiirs ss 

gastric nodes. Focal necrosis in liver. f ' ,n r- llvtT , spleen, bronchial and hyper- 
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SUMMARY 

We offer herewith : 

1. Some considerations relative to the catalase reaction. 

2. Our technic and standardization. 

3. Results in 42 9 eases. 

4. Suggestions as to the relationship of scarlet, fever endocarditis to rheu- 
matic heart disease. 

5. In a small series (6 cases) of diphtheria with definite heart damage, the 
catalase was normal. 

6. Three specific cases: (a) Early diagnosis and course of activity by the 
catalase test, (b) Case clinically resembling rheumatic heart disease with 
subacute bacterial endocarditis (including one positive blood culture, Strepto- 
coccus viridans). Catalase was normal, (c) Doubtful case clinically. Nega- 
tive evidence by means of test. 

CONCLUSIONS 

1. The determination of blood catalase is of value in making a diagnosis 
of rheumatic heart disease especially in doubtful cases. 

2. It is of help in determining the activity or inactivity of a valve lesion. 

3. Study of the blood catalase in active rheumatic endocarditis will aid 
in determining the length of time required for treatment. 
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A STUDY OP BLOOD CALCIUM AFTER THE ADMINISTRATION OF 
SODIUM OXALATE TO NORMAL AND THYROPAR ATHYROI D- 

ECTOMIZED CATS* 


William Salant, M.D., William M. Parkins, Pn.D., and Lillian E. 
Sheppard, M.A., Long Island, N. Y. 


S INCE oxalate forms an insoluble compound with calcium, a number of in- 
vestigators were led to study its effects on calcium in the body, and, al- 
though their results were obtained in experiments on different animals and by 
different methods, they all agreed that the administration of soluble salts of 
oxalic acid was accompanied by deprivation of calcium from the tissues. Ac- 
cording to Sarvonat and Roubier, 1 a considerable loss occurred in the soft 
parts as well as in the skeleton when oxalate was given to guinea pigs, in suffi- 
cient amounts, for several days. Luithlen® reported the elimination of large 
quantities of calcium in the urine of rabbits after the administration of ox- 
alate, and Gross 2 found that the calcium content of dog's blood, after sub- 
cutaneous injections, was reduced 50 per cent, while Vines'* obtained similar 
results in experiments on rabbits after the administration of ammonium oxa- 
late. McCrea 5 reported that blood calcium was likewise decreased in cats 
that received sodium oxalate, and Gley and Kolias, 0 in studies on rabbits and 
cats, and more recently Cliiao Tsai and Fong Yen Hsu,’ in experiments on 
clogs, furnished additional data that oxalate lowered the calcium level in the 
blood. With the exception of Vines and the Chinese investigators, no attempt 
has, as far as we know, been made to determine the speed of recovery, nor 
have any observations been reported on the effect of the amount, the fre- 
quency or the method of, administration of oxalate on the concentration of 
blood calcium. As we found that a relation existed between calcium depletion, 
produced by oxalate, and pharmacologic reactions, 8 a study of its action, with 
special reference to those factors, was considered particularly advisable. The 
present investigation was, therefore, undertaken and observations were made 
on the changes in blood calcium produced after the subcutaneous or intra- 
venous administration of different amounts of sodium oxalate, attention being 
directed also to the duration of the effect and to the influence of smaller doses 
when given for a period of several days. Owing to the role which the para- 
thyroids play in calcium metabolism, experiments were also carried out on 
the effects on blood calcium produced by oxalate after their removal, for the 
residts under these conditions might throw some light on those obtained when 
it is given to normal animals. 

•From the Biological Laboratory, Cold Spring Harbor. Long Island. N. T. 
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Methods. — Cats, which were kept on a uniform diet of salmon, bread and 
milk with water ad libidum, were the subjects of the experiments. As indi- 
cated above, sodium oxalate was given subcutaneously and also intravenously, 
in which case urethane anesthesia was sometimes employed. The doses ad- 
ministered by intravenous injections were 10 mg. sodium oxalate per kilo 
about ten minutes apart, and the amounts administered subcutaneously were 
20 mg. per kilo every twenty or thirty minutes. Blood calcium was deter- 
mined by the Kramer Tisdall 0 method, the blood for analysis being usually 
drawn from the heart, but it was sometimes obtained from the femoral artery, 
instead. In all cases, calcium was determined before as well as after oxalate, 
and in tkyroparatliyroideetomized animals analyses for calcium -were made be- 
fore the operation and also about ten to thirty minutes before the injection of 
oxalate was begun. In some experiments more than one analysis were made 
in the interval between extirpation of the gland and the administration of 
oxalate. The operations, for the removal of the thyroid and the parathyroid 
were carried out under proper aseptic precautions, with ether as the anesthetic. 
Oxalate was given intravenously, usually within two days, but a longer in- 
terval was sometimes allowed to elapse. 

Results . — Although depression of the calcium level of the blood by oxalate 
was produced by subcutaneous as well as by intravenous injections, the effect' 
caused by the two methods of administration, varied considerably/ One hour 
after the subcutaneous injection of a dose of 20 mg. sodium oxalate per kilo. 


Table I 

Sebum Calcium, After Subcutaneous Injections of Sodium Oxalate 


CAT 

SEX 

WT. 

KILO. 

BEFORE 

OXALATE 

AFTER 20 >IG. OXALATE PER KILO DAILY 

MG. CA 
PER 100 
C.C. 
SERUM 

MG. CA PEP. 100 C.C. SERUM, AMT. DECREASE, TIME AFTER 
INJECTION 

I 

ir 

IXJ 

1 311 

ectiox : 

IV 

S’O. 

V 

VI 


7 

female 

2.3 

9.8 

10 

2% 

1 lir. 

9.3 

0% 

1 hr. 

S.G 
13% 
li hr. 

8.0 

19% 

! 254 hr 

— 



8 

female 

2.4 

9.7 

9.7 

0% 

U hr. 

7.9 

19% 

1 hr. 

7.3 

23% 

It hr. 

— 

i 

— 

— 

1° 1 

female 

2.3 ] 

10.0 

9.G 

r>% 

1 hr. 

9.3 

8% 

11 hr. 

9.2 

9 

1 hr. 

Tg i 

15% 

1 hr. 
5% 

24 hr. 

s.s 

21% 

1 hr. 


10.0 

1% 

30 hr. 

11 

female 

2.G 

. 

10.8 

9.9 

S% 

1 hr. 

9.9 

8% 

11 hr. 

9.1 

1G % 

1 hr. 

9.1 

10% 

1 hr. 
11% 

24 hr. 

S.3 

21% 

1 hr. 

10.3 

4% 

301 hr. 


12 

female 


■ 

10.4 

1% 

1 hr. 

T/ 

* Cr 

If hr. 

. 

: 

9.7 

1 hr. 

9.3 

9% 

1 hr. 
*>% 

241 hr. 

S.G 

1S% 

1 hr. 

10.4 j 
0-197 1 

301 hr. | 

i 

1 
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practical]}' no effect on blood calcium was observed in three out of live ex- 
periments, while the remaining' two showed a decline of 5 and 8 per cent 
(Table I). The results were quite different when this dose was repeated for 
several days. While very marked changes in the concentration of calcium 
after the second dose were seldom observed, the fall being 0 to 8 per cent in 
4 experiments and 19 per cent in only 1, the decrease of calcium in the blood was 
much greater after subsequent injections. The maximum diminution was l(i 
and 25 per cent after the third, 15 to 19 per cent when the fourth dose was 
given, 18 and 21 per cent after the fifth. We also observed that the depletion 
was progressive, the decrease of calcium reaching a maximum one hour after 
the third, fourth, and fifth injections, in different experiments, and, in one 
case, this was noticed even twenty-five and one-half hours after the fourth 
dose. Illustrative of the cumulative effect of oxalate was one experiment, in 
which no change was observed after the first dose, but the* drop in the con- 
centration of calcium was 19 per cent after the second, and 25 per cent after 
the third injection, and another, in which the first dose was likewise without 
demonstrable disturbance of blood calcium, the decrease was 6. 13, and 19 per 
cent after successive injections. Replacement apparently occurred as well as 
loss, as about twenty-four hours after the injection the calcium content of the 
blood was appreciably greater than it was one hour after the same amount 
was given, and in 3 experiments the effect of oxalate on blood calcium was 
negligible at the end of thirty hours (see Table I). 

When the amount of oxalate was increased to 40 mg. per kilo, which was 
given subcutaneously in divided doses, and the blood was drawn one-half to 
one hour later, the fall of serum calcium was 2.5, 5.1, and 13 per cent in 3 
experiments, but, in 2 others, it was 25 and 26 per cent. The results were not 
greatly different, in some experiments, with 80 mg. oxalate per kilo, as the 
decrease of calcium, half an hour after the injection, was 11 to 20 per cent in 
4 experiments, but in 2 it was 36 and 37 per cent. The calcium content of 
the blood, four hours after the administration of these amounts of oxalate, 
failed to show any change from that previously observed, in some experi- 
ments. A distinct improvement occurred, however, in others, calcium showing 
a rise of 8 to 13 per cent above the previous level. On the other hand, a still 
further depression sometimes occurred, for in one experiment, with 40 mg. 
oxalate per kilo, the decrease of calcium was 25 per cent one hour after the 
injection and 32 per cent three and one-half hours later. Analysis of the blood 
within twenty-three to twenty-nine hours, after the administration of 40 mg. 
oxalate per kilo, indicated that the blood calcium regained its normal level iu 
some cases and was 12 and 16 per cent below in 2 others. The changes were 
even more irregular after 80 mg. oxalate per kilo, the decrease of blood cal- 
cium in 2 experiments being greater on the day following than it was a few 
hours after the injection, and in one of these, depression of the calcium level 
continued as the concentration, fifty hours after oxalate was given, was less 
than on the previous day. In 4 other experiments, in which the fall of blood 
calcium half an hour after the administration of this amount of oxalate was 
16 to 20 per cent, no significant change occurred in the course of about twenty- 
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four hours. But in 2 experiments in which, as mentioned above, pronounced 
depression of the calcium level was produced, the decrease amounting to 36 
and 37 per cent, half an hour after the injection of oxalate, the diminution of 
blood calcium was only 6 and !) per cent about twenty-one hours later. To 
sum up the results obtained in this series of experiments, it may be stated that 
complete recovery was observed in about twenty-four hours only when 40 mg. 
oxalate per kilo were given, while in experiments with double this amount, 
the normal level was not restored until a period of forty-five to fifty-one hours 
after the injections was allowed to elapse. 

Table II* 


Replacement or serum Calcium After Subcutaneous Injections of Sodium Oxalate 


- 

CAT 

SEX I 

\VT. 

KILO 

MO. CA 
PER 100 
C.C. 

SERUM 

BEFORE 

OXALATE 

OXALATE 

MG. PER 

KILO. 

MG. CA PER 100 C.C. SERUM, AMT. DECREASE, 
TIME AFTER OXALATE 

4 I 

female 

2.2 

10.7 

40 

9.3 

13# 

1 lir. 

9.3 

5.0% 

4 hr. 

11.0 

slight 

increase 

23 hr. 


G 

mule 

3.5 

10.2 

40 

7.5 

20# 

1 hr. 

HIM 

8.9 

12% 

24 hr. 


9 



9.8 

i 40 

7.4 

25% 

1 hr. 

0.7 

32% 

4 hr. 

| 20 min. 

8.2 

16% 

29 hr. 

45 min. 


14 

female 


10.8 

80 

S.O 

20# 

1 hr. 

8.8 

19% 

4 hr. 

9.3 

14% 

27 hr. 


3 


3.0 

10.0 

80 

0.7 

37% 

1 hr. 

7.5 

29% 

5 hr. 

9 6 

9% 

21 hr. 

10.6 

0% 

45 hr. 

5 

female 

2.1 

10.1 

80 

0.5 

36% 

1 hr. 

7.8 

23% 

4 hr. 

9 5 

0% 

22 hr. 


i 

I male 

2.2 

11.3 

80 

10.0 

11% 

1 hr. 

9.1 

19.4% 

01 hr. 

88 

22.1% 

231 hr. 

7.8 

30.9% 
501 hr. 

2 

| female 

2.75 

11.5 

80 

9.3 

20% 

l hr. 

9.4 

18.2% 

01 hr. 

9.0 

10.5% 

231 hr. 

11.3 

1-7% 

501 hr. 


^Tables II. IV. and V contain only sonic* of tbe experiments ,':i v»-n under the respective 
headings. 


Wide variations in the decrease of blood calcium also occurred after in- 
travenous injections even when the same amounts of oxalate were given. Six 
to ten minutes after the injection of 20 mg. sodium oxalate per kilo, the 
diminution of blood calcium was 10 to 2S per cent in 4 experiments and ex- 
ceptionally, these differences were greatly increased, for while we found that, 
in one experiment, the fall, after one hour, amounted to 3.6 only, and the con- 
centration of serum calcium in another was decreased 6 per cent, in a third it 
was 43 per cent. It may be remarked, in tins connection, that the blood cal- 
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practically no effect on blood calcium was observed in three out of live ex- 
periments, while the remaining two showed a decline of 5 and 8 per cent 
(Table I). The results were quite different when this dose was repeated for 
several days. While very marked changes in the concentration of calcium 
after the second dose were seldom observed, the fall being- G to 8 per cent in 
4 experiments and 19 per cent in only 3, the decrease of calcium in the blood was 
much greater after subsequent injections. The maximum diminution was 16 
and 25 per cent after the third. 15 to 19 per cent when the fourth dose was 
given, 18 and 21 per cent after the fifth. We also observed that the depletion 
was progressive, the decrease of calcium reaching a maximum one hour after 
the third, fourth, and fifth injections, in different experiments, and, in one 
case, this was noticed even twenty-five and one-half hours after the fourth 
dose. Illustrative of the cumulative effect of oxalate was one experiment, in 
which no change was observed after the first dose, but the drop in the con- 
centration of calcium was 19 per cent after the second, and 25 per cent after 
the third injection, and another, in which the first dose was likewise without 
demonstrable disturbance of blood calcium, the decrease was G, 13, and 19 per 
cent after successive injections. Replacement apparently occurred as well as 
loss, as about twenty-four hours after the injection the calcium content of the 
blood was appreciably greater than it was one hour after the same amount 
was given, and in 3 experiments the effect of oxalate on blood calcium was 
negligible at the end of thirty hours (see Table I). 

When the amount of oxalate was increased to 40 mg. per kilo, which was 
given subcutaneously in divided doses, and the blood was drawn one-half to 
one hour later, the fall of serum calcium was 2.5. 5.1, and 13 per cent in 3 
experiments, but, in 2 others, it was 25 and 26 per cent. The results were not 
greatly different, in some experiments, with SO mg. oxalate per kilo, as the 
decrease of calcium, half an hour after the injection, was 11 to 20 per cent in 
4 experiments, but in 2 it was 36 and 37 per cent. The calcium content of 
the blood, four hours after the administration of these amounts of oxalate, 
failed to show any change from that previously observed, in some experi- 
ments. A distinct improvement occurred, however, in othex-s, calcium showing 
a l'ise of 8 to 13 per cent above the pi-evious level. On the other hand, a still 
further depression sometimes occurred, for in one experiment, with 40 mg. 
oxalate per kilo, the deci-ease of calcium was 25 pei- cent one hour after the 
injection and 32 per cent three and one-half hour’s latei\ Analysis of the blood 
within twenty-three to twenty-nine horn’s, after the administration of 40 mg- 
oxalate per kilo, indicated that the blood calcium regained its noi’nial level in 
some cases and was 12 and 16 per cent below in 2 others. The changes were 
even more irregular after 80 mg. oxalate per kilo, the decrease of blood cal- 
cium in 2 expei’iments being greater on the day following than it was a few 
hours after the injection, and in one of these, depi-ession of the calcium level 
continued as the concentration, fifty hours after oxalate was given, was less 
than on the previous day. In 4 other experiments, in which the fall of blood 
calcium half an hour after the administration of this amount of oxalate was 
16 to 20 per cent, no significant change occurred in the course of about twenty- 
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Table IV 


Serum Calcium After Intravenous Injections of Sodium Oxalate into Normal Cats 




tVT. 

KILO 

MO. ca 

PER 100 C.C SERUM 

, AMT. DECREASE | 

SOD. 

CAT 

SEX 

BEFORE 

TIME AFTER OXALATE 


OXALATE, MG. 



OXALATE 

3-10 MIN. 

1-14 HR. 

4 HR. 

| 24 HR. 

PER KILO 

55 

female 

3.0 

10.3 

8.4 

19% 

8.2 

21% 

l 

9.9 

5% 

30 

1R 



2.0 

9.9 

8.4 

20% 



9.1 

13% 



4R 

female 

3.7 

10.1 

9.2 

11% 

9.0 

13% 

9.7 

6% 

1 10.3 

1 


SR 

male | 

■ 

10.4 

8.8 

15% 

S.l 

22% 

9.3 

10% 

9.4 ; 
9% 


13 

— - 

■ 

1 

6.6 

0.6 


I 

40 

5A 

male 

3.5 

10.4 

6.4 

38% 

7.1 

31% 

7.7 

2C>% 

— 


61 

female 

2,2 

11.0 

4.2 

02% 

— 

— 

i 

80 

! 

57 

female 

3.1 

10.6 

2.2 

79% 

— 

— 

! 

. 120 


A distinct tendency to recovery was indicated, however, by the results 
of the analysis of the blood obtained four hours after oxalate was injected. The 
decrease of blood calcium at this time, after 30 mg. oxalate per kilo, was onlv 
6 to 13 per cent, the average being 8.4 per cent, whereas the reduction, ten 
minutes after this dose was given, varied between 11 to 25 per cent with an 
average of 18 per cent. In experiments with 40 mg. oxalate per kilo the 
reduction of blood calcium at the end of two and one-half hours to five and 
one-half hours varied approximately between 21 and 27 per cent. With the 
exception of one experiment, in which the decrease at the end of five hours 
and forty minutes amounted to 8 per cent only, the average was about 25 per 
cent, representing a gain of 6 per cent over that observed six to seventeen 
minutes after the injection. The increase was thus 3 to 4 per cent »reater 
after 30 mg. oxalate per kilo, during a period of about three to three and one- 
half hours. A further, and much greater, rise in the concentration of calcium 
occurred during the following period, of about twenty hours. I n 2 experi 
ments with 30 mg. oxalate per kilo, the blood calcium' was only 5 and 6 per 
cent below normal, while in a third, restoration was complete ' That the re 
covery was distinctly slower after 40 mg. oxalate per kilo was also shown in 
this case, as m one experiment the level of blood calcium was still 14 re- 
cent below that of the control period. ” 

When larger doses of oxalate were given intravenously, the depression of 
the calcium level was of course, more pronounced than in the experiments 
with smaller amounts, hut the relative decrease was not alwavs proportional 
to the quantity injected. The loss was 8.1 mm in one evnevimV F P * 
after the injection of 70 mg. oxalate per kilo, In another this wa « onlv 
though the dose of oxalate was 80 mg. per kilo, the percentile fall am of 
to 66 and 62 per cent respectively. The loss was not m- +1 . v „ a ountlI1 £ 
the dose of oxalate was still further increased Three and / d ’ fterent when 
the injection of HO and !20 mg. oxalate per ^1^ ^ 
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eium, before oxalate, was almost constant, being 10.0 to 10.3 mg. per 100 e.e. 
serum, while in one cat only it was 9.6 mg. Illustrative protocols, in brief, 
are given in Table III. 

Table III 

Serum Calcium After Intravenous Injections of 20 mo. Sodium Oxalate ter Kilo 


Cat 6, Hate, in. 2.S Kilo 


TIME 

TREATMENT 

MG. CU 1*ER 

100 c.c. 

SERUM 

PER CENT 

DECREASES 

OP CA 

REMARKS 

11:03 A.M. 

11 c.c. blood drawn 

10.3 

18.0% 

15 min. after second in- 

11:10 a.m. 

2.8 c.c. 1% Na.C.O, 



jection of oxalate 

11:10 a.m. 

2.S c.c. 1 % Na.C.O, 




11:31 a.m. 

12 c.c. blood drawn 

S.3 




Cat 16, TTt. 3.S Kilo 


11:53 a.m. 

10 c.c. blood drawn 

0.6 

12.1% 

6 min. after second in- 

11:57 A.M. 

3.8 c.c. 1% Na.C.O, 



icction of oxalate 

12:10 r.M. 

3.8 c.c. 1% Na.C.O, 




12:16 p.m. 

11 c.c. blood drawn 

S.l 




Cat 62, Female, I ft. 2.0 Kilo 


10:30 A.M. 1 

10 c.c. blood drawn 


2S.0% 

10 min. after second in- 

10:40 a.m. 

2 c.c. 1% Na.C.O, 

io.i j 

jection of oxalate 

10:50 a. xi. 

2 c.c. 1% Na.C.O, 



11:00 a.m. 

10 c.c. blood drawn 





immediately after 
death 

■■ 




This inequality in the reduction of blood calcium, produced by the same 
amount of oxalate, is not easy to explain but, according to Pereival and 
Stewart 10 and to Liu, 11 ’ 12 the quantity of parathyroid hormone in the circula- 
tion determines the amount of diffusible calcium, and since oxalate combines 
with this fraction of the total calcium, the difference in the extent of depletion 
may thus be accounted for. A wide divergence in the effect produced was also 
observed when larger doses of oxalate were injected, for, ten minutes after 
the administration of 30 mg. per kilo, calcium was decreased 10 to 25 per cent 
in 7 experiments and, as in the case of the preceding experiments, the two 
extremes were met with, a reduction of 3 per cent only in one and 48 per cent 
in another. When the dose was raised to 40 mg. per kilo, the range was 25 to 
49. per cent in 10 experiments, while in one case the reduction was only 12 
per cent. Notwithstanding, however, the fluctuations in the calcium level ob- 
served after oxalate in these experiments, it was, nevertheless, found that the 
average decrease rose with the size of the dose. 

In the absence of the complicating factors of the absorption of oxalate, 
the replacement of calcium in these experiments could be studied with greater 
advantage than after subcutaneous injections. There was scarcely any indi- 
cation of recovery for about one and one-half hours after it was administered, 
as examination of the blood obtained at the end of this time, after 30 and 40 
mg. per kilo, failed to show any appreciable change in the concentration of 
calcium from that observed when blood was drawn a few minutes after the 
intravenous injection of oxalate. On the contrary, a further decrease of 
calcium could sometimes be noticed since we found, in one experiment (5R 
Table IY), that the concentration fell 15 per cent below normal after ten 
minutes and 22 per cent fifty minutes later. 
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crease of calcium averaged 2.0 mg., while the relative decrease was 18 per cent. 
After the same amount of oxalate per kilo was given to thyroparatliyroidec- 
tomized cats, the average decline was only 0.45 mg. calcium per 100 e.c. with 
an average of 13 per cent for the relative decrease. The fall of the calcium 
level was much greater when 40 mg. oxalate per kilo were given, the average 
decrease in normal and thyroparathyroidectomized animals being respectively 
3.5 and 0.8 mg., while the relative decrease was 33 per cent in one and 17.3 
per cent in the other. It may be remarked in this connection that these data 
do not include abnormal deviations from the above levels. The decrease of 
calcium after removal of the thyroids and parathyroids, in one experiment 
with 30 mg. oxalate per kilo, was negligible, while in another, after 40 mg. 
oxalate per kilo, the loss was 2.5 mg., whereas in the rest this varied between 
0.7 and 1.0 mg. The loss of calcium was also much greater in normal than in 
thyroparathyroidectomized animals when the doses were considerably in- 
creased. After 70 to 120 mg. oxalate per kilo, injected into normal cats, the 
average decrease was. 7.7 mg. calcium per 100 c.c. serum, and the relative de- 
crease was 70 per cent. In thyroparathyroidectomized animals, that received 
80 to 140 mg. oxalate per kilo, the absolute reduction averaged 3.5 mg. and 
the percentile fall was 60 per cent. Of interest also are the data presented 
above as showing that the difference in the decrease of calcium in normal and 
parathyroideetomized animals is much greater after small than after large 
doses, the ratios being about 4:1 and 2:1 respectively. 

The duration of the effect of oxalate was also studied in cats after removal 
of the thyroid and parathyroids, but the observations were confined to ex- 
periments with doses of 30 and 40 mg. of sodium oxalate per kilo. The level 
of blood calcium, about one hour after the injection, was not greatly different 
from that observed ten minutes after the salt was given. In one experiment 
only was the difference appreciable as the decrease was 13 per cent ten min- 
utes after oxalate and 23 per cent one hour later. The decline in the con- 
centration of calcium at the end of four hours showed that it was only 8 per 
cent more in one and 9 per cent more in another, while in a third the de- 
crease was, on the contrary, 4 per cent less than it was three hours previously 
As the diminution, during the same period in another experiment amounted 
to 21 per cent, the earlier attempt at recovery maT be regarded as exeep 
tional. Although improvement occurred on the following day the amounts 
of calcium were 0.9 to 1.3 mg. below those before oxalate, while the relative 
differences were 12 to 21 per cent. When the effect is compared with tha 
produced by the same amounts of oxalate in normal cats, it becomes evident 
that the recovery ns retarded after extirpation of the parathyroiT 

DISCUSSIOX 

The picture of the Mood calcium iu normal cats. before the intravenous 
admm. stratum of ovalatc presented a strikin- contrast to that observed after 
its injection. Whereas the concentric;™, „<• „ i • ' eu airer 

or showed small differences onlv before treat 3 'T* Was practicall - v constant 

occurred after oxalate, den w he he ‘ "" ^ ° f ™™tum 

uhen the same amount, in proportion to bodv 
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and 8.4 mg., the percentile reduction amounting to 73 and 79 respectively. As 
calcium depletion was 18, 31, and 66 per cent, after doses of 30, 40, and 70 mg. 
respectively, it shows that the depression increased with, but was out of pro- 
portion to, the size of the dose. This does not hold, however, in the case of 
still larger doses, for the average diminution of calcium after 110 and ]20 mg. 
oxalate per kilo was about 76 per cent, which is considerably below the figure 
demanded if the decrease were proportional to these amounts. There is ap- 
parently a maximum dose of oxalate above which the. decrease of calcium 
proceeds very slowly. 

The blood calcium when oxalate was given after removal of the thyroid 
and parathyroids presented quite a different picture from that observed after 
it was administered to normal animals. The difference may be readily ap- 
preciated by comparing Tables IV and V, and is further emphasized in Table 
VI, in which the average losses of calcium in normal and in thyroparathy- 
roideetomized cats are reported. 


Table v 


Serum Calcium After Intravenous Inmi'ctions of Sodium Oxalate into Thykopakathy- 

HOIDECTOMIZF.n CATS 


CAT 

SEX 

\VT. 

KILO 

MO. CA rKR 100 C.C. SERUM, AMT. DECREASE 

i 

OXALATE 

MG. PER 

KILO 

| 

AFTER Til VROFAKATII VROIDECTOM Y | 

■ 


10 MIX. 

AFTER 

OXALATE 

1 UK. 
AFTER 
OXALATE 

4 IIK. 

AFTER 

OXALATE 

23 HR. 
i AFTER 
OXALATE 

10 

male 

HI 

10.3 

7. r > 

27 tf 

0.0 

12 97 

0.0 

$97 
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As shown in Table VI, the absolute as well as the relative decrease of 
calcium was considerably greater in normal animals than after removal of the 
thyroid and parathyroids. It will be noticed that, about ten minutes after the 
injection of 30 mg. sodium oxalate per kilo into normal cats, the absolute de- 
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fore, justify the conclusion that the function of the parathyroids form an 
important element and may. indeed, he the principal factor in the determina- 
tion of the effects of oxalate on the changes in hlood calcium. 


SUMMARY 


1. The subcutaneous injections of oxalate produced the following changes 
in serum calcium : A single dose of 20 mg. per kilo was without any effect, 
but a progressive decrease of calcium occurred when this amount was given 
daily over a period of several days. A dose of 40 mg. oxalate per kilo caused 
a very moderate decrease of calcium within half an hour after the injection, 
and was much greater, about four or five times, after an interval of one hour. 
Signs of recovery were observed about four hours after the injection, and the 
normal level of calcium was regained in about twenty-four hours. When the 
dose was increased to 80 mg. per kilo, depletion of calcium half an hour after 
the injection was considerably greater than after 40 mg. doses. A moderate 
rise was observed four to five hours later, and although improvement was 
marked, in most eases, on the following day. no change or even a further 
decline of calcium was observed in some cases. Complete recovery occun*ed 
about two days after the injection. 

2. The effects of oxalate after intravenous injections. An average de- 
crease of 20 per cent occurred about ten minutes after 20 and 30 mg. per kilo, 
and a reduction of approximately 33 per cent ten to seventeen minutes after 
40 mg. per kilo. A moderate amount of recovery was observed about four 
to five hours after the injection of 30 mg. oxalate per kilo, which was much 
less when 40 mg. per kilo were given. Although the rise in serum calcium 
was considerable after 30 and 40 mg. per kilo on the day after the injection 
it was much less after the latter amount. The reduction of the absolute 
amount of calcium after 70 to 120 mg. oxalate per kilogram was much greater 
but the relative decrease was less than after smaller doses 

3. After extirpation of the thyroid and parathyroids, the average de- 
crease of calcium caused by the intravenous injection of oxalate of 30 and 
40 mg. per kilo, was about a fourth of that produced bv the same ’amounts in 
normal animals, but the amount of reduction by large doses, the maximum of 
which exceeded that given to normal cats, was less than half of that produced 
in normal cats. 


on 


4. The results more a,, cussed and the explanation offered that the effects 
... Mood calcium after small, repeated doses and after lar-e sin-le doses of 
oxalate injected subcutaneously, 'eere duo to the injury , rh icl, It caused to 
the parathyroid, and that var.afon in tile amount of diffusible calcium due , 
differ.,,, amounts of parathyroid hormone, teas the main, if 
,,, determuiinjr the undo ra„-c of reduction „f eaicinn, in normal „n im i at ° . 
the intravenous infection of oxalate Tim i s atTe3 

after the administration of sodium oxalate to tl' ' CCr<?aSC ‘ ° f Wood calci tnn 
mas attributed „,e lom conic, 
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weight, had been administered. As the elianges in blood calcium, when oxa- 
late was given after removal of the parathyroids, manifested, on the contrary, 
only small variations, it is evident that a close relationship existed between 
parathyroid function and the extent of calcium depletion produced by oxalate 
in normal animals. The observations of Percival and Stewart as well as those 
of Liu, referred to above, have shown that the amount of diffusible calcium 
varied with the quantity of parathyroid hormone, while Trendelenburg and 
Goebel 13 and later Salvesen and Linder 11 found that it was the diffusible 
leather than the inactive calcium which was decreased in tetania parathyreo- 
priva, which would explain the difference we observed, since it is this frac- 
tion which is, in all probability, acted upon by oxalate. As the hormone 
would be greatly reduced after extirpation of the parathyroids, a correspond- 
ingly lower decrease in calcium, produced by oxalate, should occur, as was 
indeed the ease. This would he contradicted, however, by tlie large induc- 
tion of calcium, after doses of 80 to 140 mg. per kilo, which, as shown i» 
Table YI, averaged 3.5 mg. Of interest in this connection is the suggestion 
of Salvesen and Linder 11 that the nondiffnsible is transformed into diffusible 
calcium, in order to maintain tlie equilibrium between the two forms. That 
the diffusible calcium determined the extent, of reduction, even after large 
amounts of oxalate were injected, was made highly probable by tlie greater 
decrease in normal than in thyroparatliyroidectomized animals. 

That the changes in blood calcium after subcutaneous injections of oxalate 
are also related to parathyroid function is suggested by tlie following obser- 
vations. In experiments with small doses given daily, over a period of 
several days, it was found that the first injection was practically without any 
effect. Since the same amount given intravenously produced a considerable 
fall of blood calcium, the difference must be due to absorption. As oxalate 
when given subcutaneously would enter the circulation gradually, the small 
quantity of blood calcium thus hound is probably replaced by tlie activity of 
tlie parathyroid hormone, and the normal level is thus maintained. The 
reduction of calcium, when the injection of the same amounts of oxalate was 
continued for several days, may be explained if the toxicity and cumulative 
effect of the latter are taken into consideration. It. has been shown by Salant 
and Swanson, 15 Gates and Meltzer, 10 Gates, 17 and later by Gross, 3 that oxalate 
is of itself toxic, and Salant and Swanson pointed out, in experiments on 
rabbits, that its effect was also cumulative, which was corroborated by us in 
experiments on eats. It is highly probable, therefore, that oxalate is injuri- 
ous to the parathyroids, and that their function is depressed, thus interfering 
with the restoration of calcium. Injury to the parathyroids might likewise 
he a causative agent in the slow recovery sometimes observed after larger 
doses of oxalate, since the increased deficiency of hormone, by the greater 
damage to the gland, would necessarily lessen the speed of replacement and 
thus delay the return of blood calcium to its normal concentration. The same 
mechanism would likewise account for the progressive decline in the amount 
of blood calcium after the injection of large closes of oxalate, namely, failure 
to replace the calcium bound by oxalate. The results, presented above, there- 



FIVE HUNDRED AND NINETEEN VOGE BROMINE TESTS OF URINE 

FOR PREGNANCY* 


A. M. Young, M.D., Cleveland, Ohio 


E XAMINATION of 519 specimens lias shown that the Voge bromine test, is 
far from a satisfactory test for the diagnosis or exclusion of pregnancy. 
Positive results were obtained in but 63 per cent of the pregnancy urines and 
negative results in only 84 per cent of the nonpregnancy urines. 

Voge 1 in 1929 proposed a bromine test for pregnancy based on the prin- 
ciple which he states as follows: “In view of the fact that a connection has 
been established between the elaborated product of the pituitary and com- 
pounds of B-iminazolvl (histamine, histidin and tethelin), it was thought 
advisable to test for the presence of this substance in the urine of pregnant 
women.” He applied Knoop’s 2 bromine test for histamine to the urine in the 
following way : To 2 1 / 4 c.c. of urine in a test tube add 1 e.c. of bromine water. 
Heat to boiling. 

In a positive test the color changes to pink in an alkaline urine or brown- 
ish pink in an acid urine, the color fading rapidly. In a negative test the 
color remains unaltered. The bromine water is prepared by diluting one part 
of 2 per cent bromine water with two parts of tap water. 

Voge reported the results of his test with 60 specimens, the diagnoses 
being established by Aschheim-Zondek tests on the same specimens of urine. As 
will be seen in Table I he obtained excellent results in this small series of 
cases. Dodds 3 in 1930 and Siddal et al. 4 in 1931 reported their results with the 
test. Their percentage of agreement was much lower than that of Vo"e as 
will be seen in Table I in which are tabulated the results of the three reports 
as well as our results in 519 specimens. 


Table I 


AUTHOR 

total 

SPECIMENS 

PREG- 

NANCY 

POSITIVE 

FALSE 

NEGATIVE 

NUM- 

BER 

PER 

CENT 

NUM- 

BER 

PER 

CENT 

Voge 

GO 

25 

24 

90 

i 

4 

Dodds 

305 

229 

171 

74.3 

5S 

25.7 

Siddal 







Ot ill. 

260 

3G 

27 

75 

.0 

25 

Young 

519* 

131 

S2 

G3 

49 

37 

Total: 

1144 

421 

304 

77 

117 

23 


•All but rw few were two tube trots. 


NOT 

PREG- 

NANT 

NEGATIVE 

FALSE 

POSITIVE 

NUM- 

BER 

PER 

CENT 

NUM- 

BER 

PER 

CENT 

35 

76 

224 

38S 

33 

66 

207 

325 

94 

86.9 

92 

84 

2 

10 

17 

63 

6 

13.1 

8 

16 

723 

G30 

89 

92 

12.7 


Dodds draws the following conclusions: “It i s annarent tW 4 . 

not pathognomonic of pregnanev. The error of 95 7 + • I t le teSt 3S 

‘ eno1 ot 2d -' Per cent in the antenatal 
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COXCLUSIOX 

Examination of 519 specimens lias shown that the Voge bromine test is 
far from a satisfactory test for the diagnosis or exclusion of pregnancy. Posi- 
tive results were obtained in hut 63 per cent of the pregnancy urines and 
negative results in only 84 per cent of the nonpregnancy urines. 


ItEFEKEXCES 


1. Voge, C. I.: A Simple Chemical Test for Pregnancy, Brit. M. ,T. 2: 829, 1929. 

2. Enoop (Quoted by Vogc): Bcitriige 11: 355, 3908. 

3. Dodds, Gladys II.: Value of tlie Bromine Test for Diagnosis of Pregnancy, Bril. M J 

1: 948' 1930. 

4. Siddal, A. C., Hui, S. F., Ha, H. N., and Wong, IV. H.: Bromine Water Test for Preg- 

nancy, China At. J. 45: 64 G, 1931. 

5. Hunter, George: Note on Enoop Test for Histidin, Bioehem. J. 16: 637, 1922. 

6. Von Hertz, W.: Weitere Beitrage zur Serodiagnostik, Zcntralhl. f. Gvniik. 52: 780, 1928. 

7. Eilduffe, B. A., and Steinig, F.: A Note Upon the Hertz Urine Reaction in Preonnncy 

Hed. .T. & Bee. 135: 528, 1932. b ■” 


PIIYTOPHARMACOLOGY OP STOMACH WASHINGS IN VARIOUS 
DIGESTIVE DISORDERS AND PERNICIOUS ANEMIA* 


David I. Macht, M.D., and Moses Paulson, M.D., Baltimobe. Md. 

FN TIRING the past ten years tlie senior author has been developing a de- 
Lj ' partment of pharmacology to which the name of phytopharmacology has 
been applied. In this new field a comparative study was made in regard to 
the effects of various drugs, poisons, and toxins on living animal prepara- 
tions, on the one hand, and living plant tissues, or plant protoplasm on the 
other. These studies have led to some very interesting conclusions It was 
discovered that living plant protoplasm may be much more sensitive to certain 
poisons than living animal protoplasm; and this was found to be particu 
larly true of poisons or toxins elaborated by animals. By the use of craanti 
tative phytopharmacologic methods, the first experimental evidence of the 
presence of various toxic substances in body tiss „ c , s in Mrtai „ 

conditions was obtained. Macht and Lubin showed the presence of a mono 
toxin or toxic substance in the blood, saliva, milk, perspiration and other 
secretions of women at the time ot catamenia ;> and these findings have since 
been confirmed by other investigators. 1 * 3 * 4 A "a in fv„- +i,„ « J , 
and Pels have demonstrated experimentally the presence of 
the blood serum and bullae of the hafiling skin disease, pemphigus 3 Peri" “ 
the most interesting findings so far obtained bv Macht Md his "u } haj)S 
have been those resulting from their studies onnemmin • co]lai,orators 

which was published in I926. ,; While making am *■ US ane . mia > tlie first of 
mens of normal and pathologic Wo" 1 sere frL “*•«*««> « f «P«i- 

nutlior found that sen,,,, from pen” ™ ° ■’“«*»*'. >>’« senior 

toxicity for 
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cases makes the test of little value. The error of 13.1 per cent in the non- 
pregnant group makes the test valueless in the diagnosis of pregnancy.” 

The 519 tests reported here were done somewhat differently than origi- 
nally proposed by Yoge. Two tubes, in place of one, each containing 2Vo c.c. 
of clear or filtered urine were used and to one 0.25 c.c. of bromine water was 
added, and to the other 0.5 c.c. of bromine water.- The test with the smaller 
amount of bromine was performed, since it was noted that in some pregnancy 
urines of low specific gravity (1.015 and less) the test with 0.5 c.c. of bromine 
was negative whereas with less bromine a definite pink color developed. 

An analysis of the results obtained with the test using 0.25 c.c. of bromine 
water showed that while it increased the percentage of positive results in 
pregnancy urine from 54 per cent to 63 per cent it also increased the percentage 
of false positive results in nonpregnancy urine from 12 per cent to 16 per cent. 

The quantitative feature of the test is explained by Hunter' 5 in a note on 
his modification of the Knoop test for histamine as follows: “The color pro- 
duced is very soluble in an excess of bromine and in a dilute solution of his- 
tamine an initial excess may prevent all color development. The difficulty of 
adding just sufficient bromine water to slightly colored solutions has been over- 
come by adding a definite excess and washing out the excess with chloroform.” 

The simpler expedient of using two quantities of bromine also satisfies 
the quantitative requirements of the test. 

A number of the positive results in our series were obtained in specimens 
from children. By deducting these tests and recalculating the percentage of 
false positive results, the total is 13 per cent which is similar to that obtained 
by Dodds whose specimens were all from women. 


COMMENT 

The Aschheim-Zondek and Friedman tests of urine for pregnancy are 
well known and their great accuracy and value have been well established by 
numerous workers. These biologic tests, however, requiring the use of mice or 
rabbits are expensive and time-consuming, and there is need for a simple 
chemical test for pregnane}-. As reported above the Yoge test is unsatisfactory 
for this purpose. 

Yon Hertz 0 in 1928 proposed a chemical test for pregnancy on blood serum 
using as a test reagent pliospliotungstic acid (ID P0. 4 + 12WoO, + 12 H 2 0). 
He obtained 94.9 per cent agreement in 650 cases. Unfortunately this work has 
not been sufficiently confirmed and Kilduft'e and Steinig 7 have recently (1932) 
reported unsatisfactory results with it. They obtained a very low percentage 
of positive results (10.4 per cent) in pregnancy and approximately an equal 
number of positive results with noiipregnanev cases. 

It still remains a problem to detect by a simple chemical means some sub- 
stance in the urine or blood characteristic of the pregnancy state. 

♦The bromine -water was prepared as follows: A stock solution of bromine water was 
made bv placing- in a g-lass stoppered bottle 6 c.c. of bromine (under a hood) and 300 c.c. 
of distilled water. After shaking for about forty-five minutes, a few cubic centimeters of the 
bromine remained undissolved and the supernatant solution was decanted. The stock solution 
therefore was about 1 to 1 per cent of bromine. The stock solution diluted further with two 
parts of tap water constituted the test bromine water. The test bromine water was found 
to lose strength quite rapidly and was not used for more than one week after its preparation. 
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a dark incubator and kept, at a temperature of 21° C. The increment in 
length of the seedlings obtained with stomach washings was then compared 
with the increase in length of the normal controls and expressed as the phylo- 
ioxic index. 

Complete details in regard to the technic of. the phytophannaeologic 
test have been given in previous publications and need no repetition in this 
place. It may be well, however, to state emphatically that, for careful 
performance of the phytopharmacologic test, a great deal of training is re- 
quired not only in ordinary zoophysiologic and zoopharmacologic methods 
but also in the laboratory methods pertaining to plant physiology and botany. 
A beginner expecting to succeed in such work on the first attempt will in ore 
than likely be disappointed. Indeed, he may not even be able to germinate 
the seeds, much less to secure uniform seedlings suitable for testing. The 
seeds employed in the present work were those of the large variety of Lupinus 
ftlbiis. These seeds must not be too old or worm-eaten and should be soaked 
for twenty-four hours in tap water to insure their complete swelling before 
being planted in the proper germinating medium. Finely ground sphagnum 
moss is the most suitable medium for germinating seeds. It is of vital im- 
portance, however, that such moss should be free from acid matter and 
contain just the proper amount of moisture, namely, 75 to 80 per cent its 
weight. The sphagnum moss should be thoroughly aerated and not closely 
packed; and, after planting, Hie seeds should be set aside in the dark- and 
kept at a temperature no higher than 22° C. When a higher temperature is 
employed, growth may be so greatly stimulated as to mask small differences 
produced by inhibitory substances in the various solutions. For the perform- 
ance of the test, the seedlings should have roots measuring from 30 to 40 mm. 
in length, hows of eight, or ten seedlings should be employed for control 
solutions and for each of the solutions to be tested. To insure greater accu- 
racy it is well to select seedlings of as nearly the same length as possible for 
corresponding tubes in each row. 


RESULTS 

The total number of eases studied was 125. The average phytotoxic 
index obtained from stomach washings of 100 patients, either normal or ex- 
hibiting various gastrointestinal disorders without pernicious anemia was 
found to be 86 per cent. The lowest reading in these cases was 75 per cent. 
Table I gives a detailed analysis of the first 59 of these cases. Here are set 
forth the age, sex, and color of the patient, social status, the amount of free 
acid, the total acidity and Wassermann findings, the clinical diagnosis or im- 
pression of each case, the x-ray findings and, finally, the phytotoxic indices 
obtained independently in the pharmacologic laboratory and with no previous 
knowledge of the history and physical findings of the various eases. It will 
he noted that of the 59 eases 11 gave pliytotoxic indices ranging from 76 to 
80 per cent; 31 gave pliytotoxic indices between 80 and 90 per cent- and 
15 eases gave pliytotoxic indices between DO and 100 per cent Two ’eases 
gave a reading over 100 per cent, the highest being 101 per cent. The pbvto 
toxic indices in these cases and of all the stomach washings’ which were" 
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plant physiologic solution. The toxin was not nienotoxin because it was 
present in male patients suffering from pernicious anemia, but it. was not pres- 
ent in other blood diseases such as secondary anemia, carcinoma, leucemia, etc. 
The phytopharmacologic method therefore not only furnished a contribution 
to the etiology of Addison’s or primary anemia but also offered a method of 
establishing a differential diagnosis between pernicious anemia and other ane- 
mias simulating it.' Later investigations elaborating the phytoixharmaco- 
logic method of study furthermore offered a convenient means of evaluating 
various methods of therapeutic procedure employed in the treatment, of perni- 
cious anemia. 8 The findings obtained by means of this method of study in 
various diseases have been confirmed by numerous investigators, notably by 
Tscherkes, 0 Tscherkes and Goldstein, 10 Tscherkes and Mangubi. 11 Etingor and 
Artinov, 1 ® Stern, 13 Ilerz and Wciehbrodt, 14 and Jlacht and Pels. 15 

More recently, Maclit has demonstrated the presence of the pernicious 
anemia toxin not only in the blood but also in the spinal fluid of such pa- 
tients. 10 A comparative phytopharmacologic study of spinal fluids from vari- 
ous conditions had led to the discovery of a definite toxicity in the spinal 
fluid of patients suffering from true pernicious anemia. This method is 
already being employed by some physicians for differential diagnosis of 
neurologic signs and symptoms produced by pernicious anemia, on the one 
hand, and other conditions simulating it, on the other. These findings sug- 
gested the undertaking of the present investigation. It was deemed worth 
while to inquire whether the stomach washings obtained from various normal 
and pathologic conditions showed any difference in toxicity when examined 
by the new phytopharmacologic method. 

METHOD 

After various preliminary experiments the following method was adopted. 
The empty stomach of the patient was washed out with 100 c.c. of distilled 
water. This was done by introducing water through a clean stomach tube, 
which had been previously sterilized and washed free from any trace of anti- 
septic. The washings thus obtained were tested for their hydrogen ion con- 
centration and then submitted for special examination to the pharmacologic 
laboratory. The phytopharmacologic method employed was the same as that 
used in the study of spinal fluid and blood. 17 While a one per cent solution 
of the blood serum was employed in these experiments, a 2 per cent solution 
of the stomach washings was made because of the more dilute condition of 
the specimens at the outset. Such a 2 per cent solution was made in a plant 
physiologic saline consisting of equal parts of Shive solution and distilled 
watei-. 18 Healthy young seedlings of Lupimis albiis were placed in hard glass 
tubes containing such a liquid and the growth of their straight and well- 
defined single roots in nonnal physiologic saline was compared with the 
growth of l’oots of similar seedlings from the same crop and of approximately 
the same initial length, immersed in the physiologic solution of the stomach 
washing. The length of the roots was measured at the beginning of the 
experiment and twenty-four hours after the preparations had been placed in 
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studied bore no relation whatever to the hydrogen ion concentration of the 
solutions used because a 2 per cent solution of such gastric washings in plant 
physiologic saline, which normally gave a reading of P H 4.8 to P H 5.0, was 
too small to change the hydrogen ion concentration to a degree sufficient to 
affect the growth of seedlings. The hydrogen ion concentrations of the solu- 
tions were studied by both colorimetric and potentiometric methods (Table I). 

The pliytotoxic indices of the eases discussed above are of interest both in 
regard to positive and to negative findings. Thus, for instance, it was very 
interesting to find that the stomach washings from several cases of carcinoma 
ventrieuli showed no difference in toxicity as compared with those of other 
normal or functional gastric conditions. The most important findings, how- 
ever, were made in connection with the comparative study of a series of true 
or essential achylias, on the one hand, and the achylias of pernicious anemia, 
on the other. Table II exhibits the results obtained. A total of eight cases 


Table II 


ESSENTIAL ACHYLIAS 

ACHYLIAS Or PERNICIOUS ANEMIA 

CASE 

PHYTOTOXIC 

INDEX 

CASE 

PHYTOTOXIC 

INDEX 

1 C -1 

82% 

1 B-t 

60% 

2 S -n 

95% 

2 A-s 

52% 

3 L-n 

83% 

3 F~s 

47% 

4 S - f 

82% 

4 C-s 

63% 

5 F-d 

79% 

5 C - e 

•55% 

6 H-k 

82% 

6 A -n 

67% 

7 K -s 

88% 

7 B-r 

63% 

S K - 1 

90% 

8 S -r 

9 S-v 

03% 

62% 

Average 

85% 

Average 

59% 


of essential or true achylia was studied. These cases were investigated clini- 
cally and all proved to be of a severe type which did not respond with secre- 
tion of hydrochloric acid even after injections of histamine. In all these 
cases, morphologic and microscopic blood examination excluded pernicious 
anemia. It will be seen that the average phytotoxic reading given by the 
eight cases was 85 per cent, which was the same as the figure obtained in the 
series of 100 cases mentioned above. On the other hand, nine eases of perni- 
cious anemia with complete achylia, studied by the authors, yielded' very defi- 
nite and different results. These cases were diagnosed as pernicious anemia 
on the basis of complete clinical, physical, and laboratory tests as well as on 
the basis of phytopliarmacologic examination of the blood specimens The 
average pliytotoxic index given by the stomach washings from these nine 
cases was 59 per cent, a figure far below that obtained in other gastrointestinal 
conditions (Table II). 




Tim findings described above in connection with the studv of differen 
samples of stomach washings from various clinical conditions 'are obvious! 
of manifold interest to the physician. In the first place, the toxic reaction o 
the specimens obtained from cases of primary anemia promises to be of vain 
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in the differential diagnosis of the achylia characteristic of that disease from 
other forms of achylia. In the second place, the peculiar toxic reaction pro- 
duced by stomach washings from pernicious anemia cases is a property to be 
borne in mind in theoretical discussions in regard to the etiology of that 
disease. In the third place, the present findings have an added interest in 
connection with the treatment of pernicious anemia since the relative toxicity 
of stomach washings from a given patient, before and after instituting any 
special method of therapy, will furnish an index as to its efficiency. 

Problems of gastric acidity have been brought, into renewed prominence 
by the current intensive studies of pernicious anemia and of cancer of the 
stomach. As is well known, both these diseases are characterized by anaeidity 
or achylia. Moreover, Polland and Bloomfield 1 '-’ have recently called attention 
to the surprising number of persons presenting an inexplicable anaeidity of 
the stomach. Consideration of the different types of achylia or anaeidity should 
make any new method of differentiating between the various forms especially 
welcome. Thus, the recent introduction of histamine as a potent stimulus to 
the secretion of free acid by the gastric mucosa has been of considerable aid 
in classifying various forms of anaeidity. The phytotoxic test promises to be 
another such aid because phytopharmacologic examination of stomach wash- 
ings indicates a distinct and marked difference between essential achylia, 
resistant to histamine injections, and that of pernicious anemia. What light 
these findings may shed on the etiology of primary anemia we cannot say at 
present but the experimental data are none the less valuable. In this connec- 
tion it may be well also to bear in mind the more or less successful results 
obtained in the treatment of pernicious anemia with desiccated stomach mu- 
cosa. It is hoped that the present report will stimulate further investigation 
along phytopharmacologic lines. 


SUMMARY 

1. A phytopharmacologic examination, according to a standardized tech- 
nic, was made of stomach washings obtained from 125 clinical cases, who had 
received no food for at least twelve hours. 

2. The average pliytotoxic index of one hundred patients not suffering 
from achylia was found to be 6 per cent. 

3. A few cases of gastric carcinoma showed no difference in toxicity 
from other clinical conditions of a benign or functional character. 

4. The average jffiytotoxie index for nine cases of definite pernicious ane- 
mia with no free hydrochloric acid was 59 per cent. 

5. The average phytotoxic index of eight cases of essential achylia, which 
failed to respond with secretion to injections of histamine, was found to be 
85 per cent. 

6. The difference in phytotoxic effects between stomach washings ob- 
tained from cases of pernicious anemia, on the one hand, and essential achylia, 
on the other, promises to be of clinical value in differentiation of the two 
conditions and warrants further studies along the lines described above. 
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The spectroscopic studies of the blood are of interest and significance, and 
are here given in detail. All blood samples were obtained from the median 
basilic vein. The first one, taken before treatment, had a distinct chocolate 
color. One part of this sample was diluted with 49 parts of distilled water, 
resulting in a reddish brown solution. This was examined spectroscopically, 
and showed the characteristic absorption bands of neutral mcthemoglobin be- 
tween the C and D lines. A sample of blood taken twentj'-four hours later, 
diluted as above, and examined spectroscopically, did not show any evidence 
of methemoglobinemia, but gave the characteristic absorption bands of oxy- 
hemoglobin. (Plate I.) 

Since the patient had been handling two distinctly different anilin prod- 
ucts, parabromauilin, and parabromorthosulphanilie acid, animal experiments 
were undertaken to determine which of the two, or whether both of the sub- 
stances were responsible for the poisoning of the patient. 



before and after the infra^eSouTTn^tion^ofmeth^Iene mir e ?as n foIlon^ C -° ntaCt With an anUin 

neutraVmethemoeloWn band!” 163 ' 31 ®' 5 before ,n}ection of methylene blue, showing pronounced 
2. Mcthemoglobin control. 

band. 3 ’ Patlent>S W °° d ° ne h0Ur aUcr ^ methylene blue showing normal oxyhemoglobin 

4. Oxyhemoglobin of normal blood. Control. 


Three rabbits were used. Rabbit \o 1 woe ~ i , 

- . . 1 1 «as a control, and received an 

injection o£ the 1 per cent methylene bine. Rabbit Xo. 2 was treated with an 

application of parabromam the form of a paste which was rubbed thor 

oughly into the skm. Rabb.t Xo. 3 was treated in a similar manner with para- 

or:“tr 1,c B * bbi,s 2 ■- 3 — ^ 

Animal Xo 2 treated with parahrotnanilin, became profoundly u, Spec- 
t o cop c examma.ton of the blood showed a marked neutral metitemo-lob , 

^ o£ , m " h “- 
parnbrnmortliosulpiianilic acid, aside from a slight' ,T,ie“S £ 



METHYLENE BLUE AS AN ANTIDOTE FOR ANILJN DYE 

poisoning- 


case Report With Confirmatory Experimental Study 


John K. Williams, M.D., and Frank E. Ciiallis. Rochester, N. Y. 


T HE recent press and technical journal notices regarding the use of methy- 
lene blue in the treatment of cyanide and carbon monoxide poisoning in- 
fluenced the winters to try this procedure in a ease of anilin dye poisoning, 
the details of which appear in the following report. 

A male university student, aged twenty-three, while engaged in experi- 
mental work in a chemical laboratory, handled with his bare hands large quan- 
tities of para bromanilin and parabromorthosulphanilic acid. Intimate con- 
tact with the dye began about ten o'clock in the morning. In one portion of 
the experiment, while evaporating the material over an open flame, he inhaled 
the fumes for about an hour. At the end of this time it was noticed that liis 
skin was becoming discolored. About twelve-thirty he left the laboratory and 
drove to bis home. On the way he experienced a. feeling of dizziness which 
gradually changed to severe headache. About 3 p.m. stupor developed. When 
seen at 4 p.m. the patient was semicomatose, had a severe headache, and the skin 
showed a discoloration suggesting an intense cyanosis. The color approxi- 
mated a mauve lavender. 

At this time the nature of the poisoning agent was not definitely known, 
and because of the grave condition of the patient, it was decided to remove 
him to the hospital and to try experimentally the methylene blue treatment as 
used by Geiger. 

The patient was admitted to the Highland Hospital about 4 p.m. He was 
given at once, intravenously, 600 c.c. of IS per cent glucose solution, plus 100 
c.c. of 1 per cent methylene blue. Soon after the injection of this mixture was 
begun, the skin pigmentation began to disappear. In one hour the lips and 
nails became a normal pink color. The headache rapidly subsided. About 
11 p.m. the patient was greatly improved and without headache. The skin, so 
far as could be observed, was normal in color. 

Before instituting any treatment, and at irregular intervals thereafter, 
specimens of blood were taken for spectroscopic and other examinations. 
These disclosed that there was no disturbance in hemoglobin, red cell, white 
cell, or differential count. Blood sugar and blood nitrogen were also normal. 
The urine was normal both chemically and microscopically. A complete 
physical examination was made, which, except for the discoloration of the 
skin, was without significance. The pyrotannic test of the first sample of 
blood for carbon monoxide was normal. 


•From the Highland Hospital. 


16G 
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Babbit No. 1. Male, weight 1725 grams, given 1 cubic centimeter of the methylene 
blue solution. Samples of blood were taken before, and at one hour and four hours after 
injection. Spectroscopic examination showed oxyhemoglobin bands, but no mcthemoglobin. 
(See Plate IX, Spectra 1 and 2.) 

Babbit No. 2. Male, weight 18S0 grams, parabromanilin paste poured on animal’s 
back and rubbed in well with wooden spatula. At the end of 30 minutes the animal was in 
distress, having an accelerated heartbeat, and quickened breathing. At the end of the first 
hour, the rabbit was very ill, and showed evident collapse. A sample of blood taken and 
diluted with -19 parts of distilled water gave a reddish brown solution, which on spectroscopic 
examination showed a definite absorption band of metliemoglobin. (See Plate II, Spectrum 
3.) 

At five hours the rabbit was much worse, weaker, unable to sit up in normal position, 
and leaning against the side of the cage for support. Breathing rapid. Marked cyanosis of 
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Plate III. — Showing spectrograms of control tests as- follows: 

1. Mercury arc. 

2. Rabbit’s blood before injection of methylene blue, normal oxyhemoglobin 

3. Rabbit's blood one hour after injection of methylene blue in twice tbe * 

amount given to the patient, showing normal oxyhemoglobin 6 1Ce the p po t onate 

4. Test tube mixture of normal blood and methylene blue. This seems to be a 

of the bands of oxyhemoglobin and methylene blue. ' seems to be a composite 

5. Dilute watery solution methylene blue. 

6. Mcthemoglobin control. 


cars. Second sample of blood taken, diluted as before, and examined spectroscopically 
Blood chocolate color. Watery solution brown. Xcutral mcthemoglobin bands very marked 
At six hours, rabbit very ill, and with no apparent improvement. Methemoglobin 
bands very strong. Ilabh.t given 1 cubic centimeter of methylene blue intravenously (See 
Plate II, Spectrum 4.) ^ 

At seven hours rabbit much improved, almost normal. Blood taken as before and 
diluted with water. Blood normal in color, gives bright red solution. Spectroscopic examine- 

tion shows normal oxyhemoglobin hands, no mcthemoglobin (See Plate TI t “ 
During this entire experiment the parabromanilin paste was not ’removeHrom the 
animal s hack except as the rabbit itself licked and rubbed it way. After twentv-four 
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application. Spectroscopic examination of the blood showed the absorption 
bands of oxyhemoglobin, but no methemoglobin. (Plate II.) 

The materials and apparatus used for this test, and details of the experi- 
ment are as follows: 

1. Parabromanilin, 5 grains. Fifty per cent solution of ethyl alcohol and 
distilled water sufficient to make a thin paste. 

2. Parabromorthosulphanilic acid, 5 grams. Fifty per cent solution of 
ethyl alcohol and distilled water sufficient to make a thin paste. 

3. Methylene blue (Merck) medicinal, 1 per cent, watery solution. 

4. A Bauseh and Lomb Universal Spectrophotometer, with camera at- 
tachment. 



Plate II. — Showing spectrograms of bloods removed from experimental animals as fol- 


1. Blood of Rabbit No. 1 before injection of methylene blue, showing- the bands of oxj- 
hemogdobin.^ ^ Rabbit No. 1 one hour after the injection of methylene blue, the oxyhemo- 
globin^bfuid^bei^g No. 2 one hour after the application of parabromanilin to the sldn, 

showing’^^id^ r^t ' s j x j 10 urs, still showing a pronounced mettiemoglobin band. 

5 ! Blood of Rabbit No. 2 one hour after . injection of methylene blue. Methemoglobm 
■hanrl Tia«! been replaced by that of oxyhemoglobin. 

« Blood of Rabbit No. 2 after twenty-four hours, still showing oxy h e m Oedob m • _ 

7 ] Blood of Rabbit No. 3 one hour after cutaneous application of parabromorthosulphanilic 

aCi3- 8 b and e ™. 0 !ame n blooTfour and live hour, later. Blood apparently not affected by the 

treatment. 

10. Mercury arc. 
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Sahlin’s work in 1930 and 1931, as cited by llanzlik. 2 Geiger was apparently 
the first to make clinical application of the procedure. For a statement as to 
the history and priority of the method, the reader is referred to llanzlik ’s 
communication. 

Brooks 3 found that methylene blue shortened the time of recover}' from 
hydrocyanic acid poisoning to about one-third, and that from carbon mon- 
oxide to about one-lialf that of untreated animals. The results suggest that 
there is an activation of oxygen by methylene blue which manifests itself 
when aerobic oxidation is interfered with, and that it could be used advan- 
tageously in eases of hydrocyanic acid or carbon monoxide poisoning. 

Geiger 4 reports three eases of cyanide poisoning ending in death, where 
the usual restorative methods failed. In a fourth and similar case, the pa- 
tient was saved by the intravenous use of methylene blue, the treatment 
being suggested in this case by Doctors P. J. llanzlik and C. D. Leake, of the 
University of California Medical School. Geiger later reports two cases of 
carbon monoxide poisoning treated with favorable results by the use of methyl- 
ene blue. 

A fourth report is by Xass, 5 who employed methylene blue in conjunction 
with carbon dioxide, oxygen inhalations, and other remedies in a ease of il- 
luminating gas poisoning, with successful outcome. 

Since the preparation of this manuscript several communications have 
appeared in the literature, reporting the successful use of methylene blue in 
carbon monoxide poisoning. Haggard and Greenberg 0 sound a note of warn- 
ing against the employment of methylene blue as an antidote. They assert 
that its use is fraught with danger, and support by chemical experiment 
Wend el ’s contention that methylene blue forms methemoglobin in the blood. 

Our clinical observations on this point do not sustain Haggard and Green- 
berg’s conclusion. This investigation throws no light on the mechanism of the 
methylene blue action in the blood. That in itself is an interesting problem which 
awaits solution. 

Is'orE: The writers wish to acknowledge with sincere thanks the assistance of the 
technical research division of the Bauseh and Lomb Optical Company. 
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Lours :i fourth sample of blood was taken, and proved to be normal both in appearance and 
spectroscopic examination. (See Plate II, Spectrum G.) 

JRabbil No. 3. Male, weight 14G0 grams, parabromorthosulphanilic acid rubbed into 
animal’s skin, and blood taken at one, four, and five hours after application, llabbit re- 
mained normal, and spectroscopic examination of blood showed no evidence of methemo- 
globinemia. (See Plate II, Spectra 7, 8, and 0.) 

Since it lias been reported by Wen del' that methylene blue injected in- 
travenously produces methemoglobinemia, a male rabbit weighing 1G50 grams 
was given 3.5 cubic centimeters ol‘ 1 per cent watery solution of methylene blue. 
Before the injection was completed, the bluish discoloration of the selerae of 
the eyes began to appear. After fifteen minutes the selerae were definitely 
blue, as was also the mucous membrane lining of fbc eyelids and mouth. At 
the end of one hour 0.5 cubic centimeters of blood was withdrawn, and diluted 
with 49.5 cubic centimeters of distilled water. This was examined spectro- 
scopically. There was a marked shortening of the red end of the spectrum, 
but no evidence of the metliemoglobin band. (See Plate III, Spectrum 2.) 
Blood was withdrawn again at the end of four hours, and examined with simi- 
lar results. (See Plate III. Spectrum 3.) 

For purposes of comparison, Plate III contains absorption spectra of oxy- 
hemoglobin, neutral metliemoglobin, and fresh blood mixed with methylene 
blue. (See Plate III. Spectra 1, 5, and 4.) 

SUMMARY AND CONCLUSIONS 

A case is described of anilin dye poisoning in a human being who had 
been handling parabromanilin and parabromorthosulphanilic acid, absorption 
presumably taking place from the skin. Intense signs and symptoms of pig- 
mentation of the skin, headache, stupor, nausea, and vomiting rapidly super- 
vened. These were promptly relieved by the intravenous injection of 1 per 
cent solution of methylene blue. Chemical, microscopic, colorimetric, and 
spectroscopic examinations were made of the bloods of both patient and ex- 
perimental animals to determine the effect of cutaneous applications of the 
materials in question. It was definitely shown by spectroscopic studies of 
the blood that the poisoning in this case was due to parabromanilin, and that 
the parabromorthosulphanilic acid was nontoxie when applied to the skin. 

The animal experiments indicated that methylene blue injected intra- 
venously into a rabbit in approximately twice the strength of that given to 
the patient did not affect the absorption spectrum of normal blood, but if 
methylene blue be mixed with normal blood in vitro, the spectrum from such 
a mixture seems to be a composite of the spectra of methylene blue and nor- 
mal blood. (See Plate III, Spectrum 4.) 

A search of the literature fails to reveal a case of anilin dye poisoning 
resulting in methemoglobinemia in which the metliemoglobin spectrum was 
changed to that of oxjdiemoglobin with prompt clearing up of toxic signs 
and symptoms following the injection of methylene blue. 

A brief review of the literature as to the use of methylene blue as an 
antidote is pertinent. The first to employ it thus was Sahlin of Lund, in 
1926, who administered it in a ease of cyanide poisoning, Eddy confirming 
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blood cells per c.mm. Pig. 1 shows that 94 per cent of the cases ranged between 
4 and 5.6 million red blood cells per c.mm., while 6 per cent of the cases were 
outside of this range. Thirty-one boys had counts of more than 5 million red 
blood cells per c.mm., and 4 had counts less than 4 million red blood cells per 
c.mm. The lowest count was 3.28 million red blood cells per c.mm., and the 
highest count was 5.87 million red blood cells per c.mm. 



Fig. 1. — Distribution of red blood cell count in 100 bov s between ages of twelve and seventeen 

years. 



Fie. 2— Percentage distribution or hemoglobin of 100 bovs between the 

seventeen years. * 


ages of twelve and 


CONTENT 


The inaccurate methods for the estimation of the hemoglobin content can- 
not he stressed too often In a recent article." the fallacy of individual esti- 
■fattens "-as also pointed out. Any hemoglobinometcr mav he emploved as 
long as tt >, calibrated ,u grams of hemoglobin per 100 e.c. of blood. Lm t lS 
seale the percentage content of hemoglobin can be easily computed. Inalneh 


A STUDY OF THE RED BLOOD CELL COUNT AND HEMOGLOBIN 
IN THE ADOLESCENT MALE® 


S. Milton Goldhamer, M.D., and Agnes I. Fkitzell. B.S. 
Ann Arbor, Micii. 


T HE necessity for establishing the normal red blood cell count and hemo- 
globin standard of the peripheral blood for the various age groups has 
become evident with the growing appreciation of the influence of various fac- 
tors on the cell concentration in the circulating blood. Many of the standards 
which had been accepted were made without the proper critical data as to their 
source or accuracy. Accurate observations by Haden, 1 Rud," Gram and Nor- 
gaai’d, 3 Bing, 4 Williamson, 5 Komoeki, 5 Osgood, 7 Wintrobc* and others have been 
published, based on blood determinations carried out with painstaking technic 
in large series of individuals. As a result of their investigations, normals have 
been established for the various adult age groups. To these we wish to add 
the results obtained in a series of 100 boys in the adolescent stage. 

The subjects of our study were healthy male students between the ages of 
twelve and seventeen years. From the data collected from various other 
studies, we have no reason to assume that any organic disease was present. 
All subjects were American horn and the majority resided in the Great Lakes 
region all their lives. 

The examinations were done in the fall of the year and throughout the en- 
tire day so that the averages eliminate diurnal variations. 

The specimens of blood were obtained from punctures of the lobe of the 
ear. The first drop was discarded, the succeeding drops flowed freely so that 
no squeezing was necessary. The red blood cell counts were made on a 
Neubauer-Levy counting chamber (new ruling, U. S. Bureau of Standards). 
The pipettes used were cheeked by the U. S. Bureau of Standards. The hemo- 
globin was calculated in a Salili hemoglobinometer in the usual manner with 
N/10 hydrochloric acid for one minute, diluted with distilled water, and com- 
pared with a colored rod standard. In compiling the results to be discussed, 
the Sahli hemoglobinometer in which 14 gm. of hemoglobin were equivalent 
to 100 per cent, was used because of its convenience. The instruments were 
calibrated and checked in accordance with the Van Slyke gas method 0 for the 
estimation of hemoglobin. 

RED BLOOD CELL COUNTS 

As far as can be determined no large series of cases have been reported 
concerning the average red cell count in the adolescent stage. Our average in 
100 boys between the ages of twelve and seventeen years was 4.71 million red 

‘From the Thomas Henry Simpson Memorial Institute for Medical Research, University 
of Michigan. 
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Table I — Cont’d 


SUBJECT 

AGE 

RED BLOOD 
CELLS 

MILLIONS 

PEP. C.MM. 

51 

14 

5.07 

52 

14 

5.0S 

53 

14 

4.71 

D-i 

14 

4.79 

55 

14 

5.10 

56 

14 

4.05 

57 

14 

4.59 

58 

14 

5.13 

59 

15 

4.32 

60 

10 

4.52 

61 

15 

4.0 

62 

15 

5.40 

63 

15 

5.51 

64 

15 

4.39 

65 

15 

4.96 

G6 

15 

4.99 

67 

15 

5.05 

6S 

15 

5.45 

69 

15 

4.44 

70 

15 

4.44 

71 

15 

4.90 

72 

15 

4.89 

73 

15 

4.56 

74 

15 

4.84 

75 

15 

4.42 

76 

15 

5.69 

77 

15 

4.68 

78 

15 

5.48 

79 

15 

5.14 

80 

15 

4.40 

81 

15 

4.27 

82 

15 

4.32 

83 

15 

4.91 

84 

15 

4.14 

85 

15 

4.15 

86 

16 

4.70 

87 

16 

4.45 

8S 

16 

5.31 

89 

16 

4.60 

90 

16 

5.05 

91 

16 

4.24 

92 

16 

3.28 

93 

16 

4.G7 

94 

1G 

5.19 

95 

16 

4.63 

96 

16 

5.21 

97 

1G 

4.S7 

OS 

16 

4.45 

DO 

17 

4.3S 

100 

17 

4.34 


Average 


4.71S 


HEMOGLOBIN 


% 


85 

7S 

S3 

75 

82 

78 

79 
82 
70 

52 

74 

90 

89 

79 

84 

85 
74 
93 

90 
87 

80 
95 
87 
93 

85 

81 

93 

93 

86 
79 

83 

53 
83 
S2 


90 

94 

94 

85 

89 

85 

53 

54 

92 

93 

97 

78 

55 

79 
SS 


S2.57 


GM. 


11.90 

10.92 

11.62 

10.50 

11 .4 S 

10.92 

11.06 

11.48 

9.S0 

11.48 

10.36 

12.60 

12.46 

11.06 

11.76 

12.32 

10.36 

13.02 

12.60 

12.18 

12.04 
13.30 
12.18 
13.02 
11.90 

11.34 

13.02 

13.02 

12.04 

11.06 

11.62 

11.62 

11.62 

11.48 

10.50 

12.60 

13.16 

13.16 

11.90 

12.40 

11.90 

11.G2 

11.76 

12.8S 

13.02 

13.53 
10.92 
12.32 
11.00 
12 32 


11.55 


C.I. 


0.S4 

0.77 

0.88 

0.78 

0.80 

0.95 

0.85 

0.80 

0.81 

0.91 

0.92 

0.83 

0.81 

0.89 

0.85 

0.8S 

0.73 

0.85 

1.01 

0.98 

0.87 

0.9S 

0.95 

0.96 

0.96 

0.71 

1.00 

0.84 

0.84 

0.89 

0.97 

0.96 

0.84 

1.00 

0.91 

0.95 

1.05 

0.88 

0.92 

0.88 

1.00 

1.27 

0.88 

0.8S 

1.01 

0.93 

0.80 

0.99 

0.S9 

1.02 

0.S7 


HEMOGLOBIN' 

COEFFICIENT 


83.3 
7G.4 

87.9 

78.0 

80.3 

96.0 

85.3 

80.3 

81.4 

90.2 

92.0 
82.8 

80.9 

89.0 

85.0 

88.0 

72.5 

85.5 

101.0 

98.0 

86.0 

97.0 

93.9 

96.7 

96.0 

69.6 

99.0 

84.6 

84.2 

89.0 

96.2 

96.2 

83.8 
98.4 

90.0 

96.3 

103.4 

88.2 

91.8 

87.2 

100.0 

126.0 

59.0 

89.3 

100.4 



GM. 


11.62 

10.71 

12.32 

10.92 

11.77 

13.65 

11.97 

11.27 
11.76 
12.74 

12.88 

11.62 

11.34 

12.18 

11.76 

12.32 

10.15 
11.97 
14.14 
13.37 

12.04 

13.30 

13.16 
13.51 
13.09 

9.73 

13.86 

11.83 

11.76 

12.46 

13.44 

13.44 

11.76 

13.79 

12.60 

13.44 

14.59 

12.32 

12.88 

12.18 

14.28 
17.43 
12.46 
12.53 
14.07 

13.02 

11.06 

13.86 

12.00 

14.28 


I 12.35 
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Table I 

Observations on the Blood in One Hundred Adolescent Males 


SUBJECT 

AGE 

BED BLOOD 
CELLS 
MILLIONS 
I’KR C.MM. 

HEMOGLOBIN 

C. I. 

HEMOGLOBIN 

COEFFICIENT 

% 

GM. 

% 

GM. 

1 

12 

4.44 

82 

11.4S 

0.92 

91.0 

12.74 

o 

12 

4.3S 

To 

10.5 


S2.5 

11.55 

3 

12 

4.82 

71 

9.94 

0.74 

73. S 

10.3G 

4 

12 

4.2S 

So 

11.90 


9S.6 

13.S0 

0 

12 

5.41 

75 

10.50 


'Hi 

9.66 

G 

12 

4.50 

SI 

11.34 


S9.1 

12.4 G 

7 

12 

4.1 S 

81 

11.34 

1 0.97 

97.2 

13.5S 

S 

12 

5.3S 

SO 

11.20 


73.6 

10.29 

9 

13 

4.53 

75 

10.50 

0.S3 

82.5 

11.62 

10 

13 

5.23 

so 

11.20 

0.77 

7G.S 

10.2S 

11 

13 

4.55 

70 

9.S0 

0.7S 

77.0 

10.7S 

12 

13 

4.01 

SI 

11.34 


99.2 

13.SG 

13 

13 

4.S2 

S2 

11.4S 

0.S5 

SG.O 

12.04 

14 

13 

4.G2 

So 

11.90 

0.92 

91. S 

12.SS 

15 

13 

5.0G 

S3 

11.62 

0.S2 

S2.0 

11.4S 

1G 

13 

5.55 

S3 

11.02 

0.75 

75.5 

10.57 

17 

13 

5.04 

76 

10.64 

0.75 

74.4 

10.36 

IS 

13 

4.40 

S3 

11.62 

0.94 

94.3 

13.16 

19 

13 

4.7G 

S3 

11.62 

0.S7 

S7.9 

12.32 

20 

13 

4.SG 

85 

11.90 

0.S7 

S'5.0 

11.90 

21 

13 

4.S4 

S4 

11.76 

0.S7 

S7.3 

12. IS 


13 

4.3G 

S3 

11.62 

0.95 

9G.2 

13.44 

23 

13 

5.S7 

70 

9.S0 

0.60 

60.2 

S.40 

24 

13 

4.80 

So 

11.90 

o.ss 

SS .4 

12.39 

25 

13 

5.20 

SO 

11.20 

0.77 

76.S 

10.7S 

2G 

13 

5.20 

So 

11.90 

0.S1 

SI. 6 

11.41 

27 

13 

4.37 

74 

10.36 

0.85 

S5.0 

11.4S 

28 

13 

4. 63 

S3 

1 1.62 

0.90 

S9.G 

12.53 

29 

13 

4. SO 

SO 

11.20 

0.S3 

S3.2 

11.62 

30 

13 

4.04 

SI 

11.34 

1.00 

101.0 

14.14 

31 

13 

4.80 

76 

10.64 

0.79 

79.0 

11.06 

32 

13 

3.S4 

70 

9.S0 

0.92 

91.7 

12.91 

33 

13 

3.99 

S3 

11. G2 

1.03 

103.7 

14.59 

34 

13 

4.92 

SI 

11.34 

0.S2 

S1.0 

11.34 

35 

13 

5.05 

82 

11.62 

0.S1 

S1.0 

11.34 

36 

13 

3.73 

SI 

11.34 

1.0S 

10S.0 

15.12 

37 

13 

4.2S 

71 

9.94 

0.S3 

S2.3 

11.55 

38 

13 

4.45 

7S 

10.92 

0.S7 

87.0 

12.1S 

39 

13 

5.30 

7S 

10.92 

0.73 

74.S 

10.50 

40 

13 

4.33 

82 

11.48 

0.95 

95.1 

13.30 

41 

13 

5.28 

89 

12.46 

O.SS 

S3.6 

11.69 

42 

14 

4.24 

97 

13.5S 

1.14 

114.0 

16.31 

43 

14 

5.06 

So 

11.90 

0.S4 

S5.0 

11.90 

44 

14 

4.94 

87 

12.18 

0.88 

S7.S 

12.32 

45 

14 

5.21 

87 

12.1S 

0.S3 

83.5 

11.69 

46 

14 

4.31 

81 

11.34 

0.94 

93.9 

13.16 

47 

14 

4.24 

75 

10.50 

0.S9 

90.0 

12.60 

4S 

14 

5.10 

ss 

12.32 

0.86 

SG.2 

12.04 

49 

14 

4.22 

S2 

11.48 

0.97 

9S.4 

13.72 

50 

14 

5.22 

78 

10 92 

0.75 

74.S 

10.50 
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2. The average hemoglobin estimation is 11.55 gm. per 100 c.c. of blood or 
82.57 per cent, the range being 9.80 gm. (70 per cent) and 13.58 gm. (97 per 
cent) per 100 c.c. of blood. 

3. The average hemoglobin coefficient for the 100 cases is 12.35 gm. per 
100 c.c. of blood. 

4. The average color index for adolescent males is 0.87, the lowest index 
is 0.60 and the highest color index is 1.27. 

5. If the hemoglobin coefficient be expressed in percentage rather than 
grams, it assumes approximately the same figure as the color index. 
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as the hemoglobin varies with sex, age, time of day, altitude, climate, and race, 
the necessity for definite standards for the various age groups is indicated. 

In the 100 cases herein reported, the average hemoglobin estimation was 
11.55 gm. per 100 c.c. of blood or 82.5 per cent (Sahli). The lowest value was 
9.80 gm. or 70 per cent (Sahli) and the highest value 13.5S grams or 97 per 
cent (Sahli). Of all the estimations, SS per cent were between the range of 75 
and 95 per cent (Sahli) or 10.50 to 13.30 gm. ; 9 per cent, of the cases were 
less, and 3 per cent of the eases wei-e more than this (Pig. 2). The average 
hemoglobin content of each red cell was 26' 12 gm.. which is slightly less than 
the value for adult males as computed by Osgood. 7 

INDICES 

The color index refers to the amount of hemoglobin in the average cell, 
expressing the amount in proportion to the normal. Table I contains the figures 
from which the various indices have been computed. The average uncorrected 



Fig. 3. — Color index distribution in 100 boys between the ages of twelve and seventeen years. 

color index for the 100 cases is 0.87. The lowest index is 0.60 and the highest 
1.27. In Fig. 3 it is noted that 83 per cent of the eases had a color index within 
the range of 0.80 to 1.15. Sixteen per cent of the cases had a lower color index 
and I per cent had a higher color index. 

Curiously enough, if the hemoglobin coefficient he expressed as the per- 
centage rather than the grams of hemoglobin per 5.0 million red blood cells, it 
has approximately the same figure as the color index. In computing the 
hemoglobin coefficient, it is noted that the average is 12.35 gm. per 100 c.c. 
which is a slightly higher value than the hemoglobin average. However, 
neither of these figux-es appi-oaebes the accepted standard for adults of 14 to 
16 gm., which is i-ecognized by the majority of investigators. 

CONCLUSIONS 

1. The avei’age red blood cell count in males between the ages of twelve to 
seventeen years is 4.718 million per e.mm., the x'ange being 3.28 to 5.87 million 
red blood cells per c.mm. 




KEIIOE-THAMANN : 


BEHAVIOR OF LEAD IN ANIMAL ORGANISM 


179 


rate for lead had beeu increased by the lead injections, but the effects were 
irregular. Millet 12 was unable to find evidence that the administration of 
colloidal lead orthophosphate altered the rate of lead excretion in the urine 
of patients. Newman, on the other hand, found a definite response in the 
horse, 8 and in patients, 13 after intravenous administration of colloidal lead 
orthophosphate, although the increase in the urinary lead concentration was 
small, and slow to make its appearance, as compared to the results obtained 
when colloidal lead had been injected. 8 ’ 11 

"We have studied the activity of certain insoluble particulate lead prepa- 
rations in animals by methods similar to those previously employed in the 
study of soluble lead salts, 13 and tetraethyl lead. 18 We have made some ob- 
servations on patients who have been treated for inoperable cancer with col- 
loidal lead preparations. The animal experiments were designed to determine 
the character of the distribution of lead in the tissues, and the rate of its 
excretion not only immediately following injection, but also over subsequent 
periods during which the lead might be expected to migrate in the body. 


EXPERIMENTAL METHODS 


Five preparations were employed for intravenous administration. 

1. A suspension of finely divided crystals of tertiary lead phosphate pre- 
pared by adding 1.5 per cent Na 3 P0 4 to 0.5 per cent PbCl„. The mixture was 
filtered at once, the precipitate was thoroughly washed on the filter paper but 
not dried, resuspended in distilled water, and used immediately. 

2. A suspension of crystals of the secondary lead phosphate prepared in 
similar fashion, by using the secondary sodium phosphate as the precipitant. 

3. Colloidal lead orthophosphate stabilized with gelatin prepared bv the 
method described by Biselioff and Blathenvick. 11 

4. Colloidal lead orthophosphate procured from the Crookes Laboratories. 

5. Colloidal lead from the same source. 


Tiie suspensions of crystalline phosphates were used to determine the 
influence of relatively large particles on the distribution of lead in animals, 
and to eliminate any uncertainty as to the chemical nature of the material 
injected. They were somewhat unsatisfactory as materials for intravenous 
injection, because of their tendency to block the syringe. Thus the amounts 
injected can only be estimated approximately. A small amount of blood was 
allowed to flow back into the syringe and after vigorous agitation of the con- 
tents of the syringe, the material was slowly injected. Death from embolism 
occurred in a few instances, but when the injection was carried out slowlv the 
animals showed no ill-effects from any dosage employed. No attempt was 
made to determine the size of the particles of these suspensions 

Ucattt.v full-grown rabbits were employed as experimental',,,,!,,,,,!. Ex- 
“»' for those that died as a result of the injection, they were sacrifieed for 
analysis at amiable tunes, by bleeding from the heart under light ether anes- 
Ihesn, Some of then, were kept metabolism eages fro,,, the time of inio e,i 0 n 
nut, 1 they were soar, deed, to follow their lead excretion. When this was done 
parallel ohservat.ons were made on control a„i„,a ls . I„ otllcr i, 
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III. Colloidal Lead Compounds 


Robert A. Kehoe, M.D., and Frederick Tiiamanx, Cn.E., Cincinnati, Ohio 


introduction 

T HE use of colloidal lead compounds in the treatment of malignant neo- 
plasms has introduced a new factor into the problem of the physiologic 
behavior of lead. It may not be assumed that particulate lead compounds, 
injected intravenously, act in t lie same manner as those which are absorbed 
through the alimentary tract, and the respiratory membranes. Tims, it is 
not surprising that some of the observations which have been made, following 
the administration of colloidal lead compounds, are not in harmony with pre- 
vious experimental findings. 

A review of the literature discloses certain facts upon which investigators 
are in agreement. Shortly after the injection of colloidal lead preparations the 
largest amounts of lead are found in the spleen and liver. 1, *' "• ~ Fre- 

quently the lungs contain large amounts of lead. At this time the skeleton 
shows relatively low concentrations, while the kidneys, heart muscle, somatic 
muscle, brain, testicles and intestinal tract (without contents) show variable 
amounts. The blood stream loses its lead at a rapid rate after an injection. 
Bisclioff 4 and his associates have described experiments in which virtually 
all the lead given as tri-lead orthophosphate was removed from the blood in 
two hours. Newman V observations on horses showed that about 90 per cent 
of colloidal tri-lead orthophosphate disappeared from the blood in the first 
hour, while at the end of the second hour the blood was practically free of 
lead. In the case of colloidal lead, the removal from the blood stream was not 
so rapid, nor so complete, considerable amounts remaining in the blood sixty- 
six hours after the injection. Both chemical and histologic evidences point 
to the initial distribution of the colloidal compounds in the reticuloendothelial 
system, 0 ’ 10 while according to Henriques and Okkels® the administration of 
soluble salts promotes a contrasting deposition of lead in parenchymal cells 
of the liver and kidney. 

The ultimate fate of the colloidal lead preparations in the tissues has not 
been studied adequately. Apparently, the importance of time as a factor 
in the dynamic processes of redistribution and excretion, has not been appre- 
ciated. Bisclioft' and Blatherwick” have mentioned fragmentary observa- 
tions as evidence that injected lead orthophosphate induces an increased lead 
excretion. Todd 3 reports the study of the lead excretion of a patient treated 
with lead selenide. One would conclude from his results that the excretory 

•i’rom the Kettering' Laboratory of Applied Physiology. University of Cincinnati. 
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period of excretion preceded the lead injection. Other animals kept for 
longer periods of time after injection, were introduced into the metabolism 
cages for a short time just before they were sacrificed. In this way informa- 
tion as to the magnitude of lead excretion at long intervals after treatment 
was provided. 

The care of the animals, the excretory studies, the preparation of ani- 
mal tissues, and the analytical procedures were carried out in the manner 
described in previous articles . 10 ' 17 

The observations on patients were made with the assistance of L. J. 
Schradin. The urine and feces were collected in containers provided by the 
laboratory. Precaution was taken against contamination of these samples 
from external sources. Tissues obtained at necropsy were washed in dis- 
tilled water while fresh and stored in chemically clean jars. 

RESULTS 

We have given elsewhere the characteristic distribution of lead in the 
tissues of rabbits a long time after intravenous administration of lead salts. 1 " 
Examples have appeared in earlier articles, illustrating the changes in the dis- 
tribution 18 and excretion 10 of lead, which take place with the lapse of time 
following the intravenous injection of soluble lead salts into rabbits. The 
more complete data given in this paper will permit detailed comparison of the 
behavior of soluble lead salts with that of colloidal compounds. Table I 
shows the results of the analyses of the tissues of twenty -four rabbits that bad 
received lead chloride intravenously. These animals died or were killed after 
various periods of time following the lead injections. Certain tissues were 
not analyzed separately. Rather, the attempt was made to select those organs 
which gave the greatest promise of information as to the distribution of lead. 
The mixed tissues which, for one reason or another, were not separated into 
individual samples, were grouped as one marked “remainder, 1 ' or were dis- 
carded. The skin, ears, and feet were usually discarded because of the possi- 
bility of their external contamination, the ears as the sites of original injec- 
tion being particularly under suspicion. In the case of several animals that 
were employed for excretory studies, there was no such question with refer- 
ence to the ears because of the time interval between injection and death. 
Fui*thermore, the skin of these animals had been carefully cleansed at the 
beginning of the excretory observations, and again at the death of the animal. 
Such animals were analyzed in their entirety. 

To clarify matters, the data are expressed in three forms. The upper 
section of the table shows the actual quantities of lead found by analysis; the 
middle section gives the calculated concentration in milligrams per one hun- 
dred grams of the tissue; the lower section relates the concentration in any 
one tissue to the concentration in the combined mass of tissue analyzed. This 
demonstrates the selective nature of the localization, and allows the analytical 
results in one animal to be compared with those in another regardless of the 
absolute amounts of lead present in the tissues. 

Within a few minutes to two hours after intravenous injection of lead chlo- 
ride, practically all the tissues examined showed the presence of lead. Un- 




'Skin ami/or mixed tissues (“Remainder**) discarded. 
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doubtedly some of this lead was in the residual blood ol' these tissues, and 
since the blood was high in lead at this time, this factor is important. How- 
ever, in some organs the concentration of lead was higher than would be ex- 
pected from their blood content, while the reverse was true in others. In 
general the kidneys, liver, spleen, and the blood were especially high in their 
lead content, though there was a considerable variability in the relative posi- 
tions of these solid organs. Muscle tissue was uniformly low in lead, and, 
with one exception, the bones. (The exception [Rabbit 252] is the result of 
the injection of (j mg. of lead a week before the final injection.) The amounts 
in the bones are somewhat higher than would be expected immediately after 
injection. No doubt the vascular bone marrow was responsible for a certain 
quantity, but the additional factor of lead present before the experimental 
injection may not be ignored. We have found that the lead in normal, un- 
treated rabbits varies in amounts from 0.2!) mg. to 2. CO mg., as shown in 
Table II and Table III. The chief influence of such normal lead in these 
experiments is to magnify the lead content of the skeletal tissues. 

The only significant difference in the distribution of lead sixteen hours 
after injection is seen in the result obtained on the blood of Rabbit 237, which 
showed only a trace of lead. The data of these experiments are not adequate 
to show the time at which the greater proportion of injected lead disappears 


Table II 

Lead Found ix Normal Rabbits by Analysis or Entire Carcass 


identification 

FB IN MG. 

IDENTIFICATION 

PB IN MG. 


NUMBER 

NUMBER 



m o.oo 

93 


1.40 


111 0.29 

C, 


1.50 


119 0.45 

89 




P l 1.10 

9S 


1.70 


C, 1.23 

121 




Table III 




Tiie Distribution of Lead in 

Untreated (Control) Rabbits 


IDENTIFICATION NUMBER 

364 

373 

361 



Lead in Milligrams Found in Tissues 


Kidneys 

0.00 

0.00 

0.00 


Liver 

0.00 

0.00 

0.00 


Bite 

0.00 

0.00 

0.00 


Spleen 

0.09 

0.00 

0.00 


Fat 

0.00 

0.00 

0.00 


Central nervous system 

0.00 

0.00 

0.00 


Blood 

0.00 

0.00 

0.00 


Muscle 

0.00 

trace 

0.00 


Bone 

0.00 

0.04 

0.6S 


Lungs 

0.00 

0.00 

0.00 


Heart 

0.04 

0.00 

0.00 


Intestinal tract with contents 

0.05 

0.07 

0.0G 


Skin 

0.10 

0.08 

0.00 


Remainder - 

0.13 

0.20 

0.56 


All Tissues 

0.32 

0.40 

1.30 
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from the blood stream. Prom other experiments in which only a few tissues 
were analyzed, it is apparent that from sixteen to seventy-two hours arc re- 
quired to accomplish the result. 

Gradual changes in distribution occur between the first and fourteenth 
days. After that time no obvious evidences of change are found in the ana- 
lytical results. There is a gradual diminution in the gross amount of lead 
in the tissues, without any striking shift from one tissue to another. There 
is a considerable variability among the animals, but the trend is fairly uni- 
form. The bones have absorbed their maximal absolute amounts by the end 
of two weeks. Prom this time on, the concentration of lead in the bones does 
not increase appreciably, either actually or in relation to the other tissues. 
The spleen apparently loses the greater portion of its lead during the ini- 
tial two weeks, for large amounts are not found in the spleen of any animal 
after that time. The liver and the kidneys usually show relatively large 
amounts of lead. Patty tissue, striated muscle and intestinal tract (without 
contents) contain small amounts with considerable regularity. Lead was 
found in the skin in every analysis, and in amounts which could not be at- 
tributed to external contamination. The analysis of the central nervous sys- 
tem did not yield lead regularly. The amounts were small in every instance 
except one. 

Nearly 80 per cent of the animals killed fourteen days or more after the 
last lead treatment showed measurable amounts of lead in the blood. This 
fact demonstrates the mobility of lead in the bodies of these animals. 

A few findings are not recorded separately. Samples of hair of Rabbits 
171, 172 and 206, weighing 11 gm., 11 gm., and 15 gm. respectively, contained 
0.00, 0.03 and 0.06 mg. of lead ; the testicles, suprarenals. and heart of Rabbit 
244, showed respectively 0.06 mg.. 0.04 mg., and a trace ; the uterus of Rabbit 
278 showed a trace, while the suprarenals and heart showed 0.04 and 0.03 nm. • 
minute amounts of bile from Rabbits 249 and 278 failed to show lead 

The diminution in the actual quantities of lead found in the tissues as a 
result of excretory processes is best demonstrated by the amounts found in 
the entire carcasses of Rabbits 242, 244, 250, 255, 206, and 254 (see Table VII 
showing the excretory data). It may be noted that after a period of five or 
six months, there is little evidence of a further drop in the total amount of 
lead. The explanation of this fact is plain, when reference is made to Tables 
II and III. An equilibrium had been established with an environment in 
which lead absorption was unavoidable. We shall return to this point in the 
data on excretion, but it must be stressed here, that the presence of such 
amounts of lead, months after its experimental administration must not be 
interpreted as evidence of its retention by the tissues. It is the product of the 
two opposed processes of lead ingestion with food, and lead excretion 


Table IV presents the analytical data on two rabbits which received a 
suspension of lead orthophosphate intravenously, and on three rabbits simi 
larly injected with secondary lead phosphate. The dosages indicated Tre 
approximations. The discrepancies between the recorded dosages and the 
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Table IV 

Changes in the Amounts and Concentrations or Lead in the Tissues or Rabbits with 
the Lapse or Time Following Intravenous Injection or Tertiary and Secondary Lead 
Phosphates Finely Divided in Water 


IDENTIFICATION NUMBER 

| 235 

1 234 

239 

240 

241 

Mg. of Pb injected 



100 

300 

100 

Time interval after 

1 day 

3 days 

1 dav 

3 days 

37 davs 

injection 

1 



Material injected 

Aqueous suspension of 

Aqueous suspension of PbH(P0 4 ) 

1 

Ph t (PO ( ), | 

! 



Lead in Milligrams Found 

in Tissues 



Kidneys 


0.10 

i 0.17 

0.31 

0.21 

Liver 


57.00 


40.50 

24.00 

Spleen 


7.03 ' 

1.70 

3.75 

5.SS 

Fat 

0.00 

0.31 

■ ■ 

0.11 

0.02 

Central nervous svstem 


0.00 


0.02 

0.00 

Blood 


0.47 

■ ■ 

0.07 

0.11 

Muscle 

0,19 

0.11 

0.11 

0.25 

0.14 

Bone 

1.95 

7.00 

0.59 

3.75 

14.50 

Washed int. tract 

0.03 

0.20 

0.05 

0.14 

0.32 

All tissues* 

39.5S 

72.97 

30.47 

54.90 

45.1S 


Lead in Milligrams tier 100 Grams of Tissue 


Kidneys 

0.18 

1.30 

0.S5 

1.72 

1.75 

Liver | 

40.15 

57.00 

40.85 

44.28 

28.57 

Spleen 

01.50 

109.50 

42.50 

25.00 

392.00 

Fat 


0.37 

0.05 

0.07 

0.04 

Central nervous svstem 

0.31 



0.12 


Blood 

O.OS 

0.40 

0.20 

0.0.5 

0.09 

Muscle 

0.02 

0.01 

0.01 

0.03 

0.02 

Bone 

1.15 

4.12 

0.33 

o 2i 

10.21 

Washed int. tract 

0.02 

0.10 

0.03 

0.00 

0.14 

All tissues* 

I 2.38 

4.5S 

t 0.42 

2.95 

3.25 


relative Concentration of Lead in Tissues 


Mg, per 100 Grams Tissue 
Mg. per 100 Grams All Tissues 


Kidneys 

0.07 

0.30 

0.35 

0.5S 


Liver 

19.30 

12.40 

10.80 

15.02 

s.so 

Spleen 

25.S0 

37.00 

17.54 

8.48 


Fat 

Central nervous system 

0.13 

O.OS 

0.02 

0.02 

0.04 


Blood 

0.03 

0.10 

0.11 

0.02- 


Muscle 

0.01- 

0.01- 

0.01- 

0.01- 


Bone 

0.48 

0.90 

0.14 

0.75 

3.14 

Washed int. tract 

0.01 

0.02 

0.01 

0.02 



•The si; in, mixed tissues, and otiier small tissues not enumerated have been discarded. 
Therefore the amounts of lead in the entire carcass of the animals are not available. 


amounts of lead recovered are explainable on this ground, and for the addi- 
tional reason that the lungs, skin, feet, ears, and the mixed tissues were not 
subjected to analysis. 

The distribution of the finely divided insoluble lead salts is similar to that 
of the soluble salts during the first few hours, except that it shows less varia- 
tion. In every case a large proportion of the lead was recovered from the 
liver. The amounts in the kidney were small, both in concentration and in 
the absolute, while the concentration in the spleen was uniformly high. The 
blood concentration was relatively low and did not obscure the character of 
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the distribution. (These animals were bled to the point of exsanguination, 
since none of them died in consequence of the administered lead.) 

The time factor in the case of Rabbit 241, gives a special significance to 
the distribution of lead in its tissues. Thirty-seven days after the injection 
of secondary lead phosphate, over half of the lead found in the tissues was 
present in the liver, while less than a third of the recovered lead was found 
in the skeleton. The total lead recovered is equally remarkable. Little lead 
had been sufficiently mobile either to redistribute itself into other tissues or 
to be excreted. The behavior of this lead compound is therefore distinctly 
different from that of the soluble salts. 


The results obtained after the injection of stabilized colloidal lead ortho- 
phosphate appear in Table Y. Despite the higher dispersion of the particles 
of the lead compound, no difference in behavior was noted as compared with 
crystalline suspensions of lead phosphates. A more complete picture of the 
distribution of lead is presented in that a larger number of tissues appear 
in the analytical data, but the essential character of the slow migration of 
lead is unchanged. Again the liver is the chief depository for the injected 
lead, and again this organ retains a large proportion of its lead for thirty 
days. The bones slowly gain lead, though it is clear that at some time after 
the first week they begin to lose it more rapidly than they gain it. It appears 
that the lungs and the spleen give up all but a small amount of their initial 
lead, though this apparent trend may be due to the variability in the initial 
deposition of lead in these tissues. There is no question, however, that the 
liver and the spleen are more effective filters for the particulate lead than are 
the lungs and the kidneys. 

The study of the activity of colloidal lead brings to light a series of 
changes in the distribution of lead which resemble those which occur when 
soluble salts of lead are injected intravenously. Table YI presents the facts. 


The initial distribution of lead is not remarkable. Rabbits 366 and 365 °ive 
a better concept of the early state of affairs than do Rabbits 369 and 368 
(Rabbit 369 died from the injection with a high concentration of lead in its 
blood, while Rabbit 368 was found dead and could not be bled. The blood 


which was present in the tissues of these animals tends to obscure the pic- 
ture.) Seven days after the injection, a significant loss of lead from the body 
had occurred, accompanied by a redistribution of lead in the tissues. Thus 
the kidneys show little lead, the amounts found in the liver are small in rela- 
tion to the total lead content of the body, and the spleen shows only traces of 
lead. The bones, on the contrary, had gained more lead than they had lost 
(The amounts of lead recovered from Rabbit 365, as well as the distribution 
of lead in the tissues, are atypical. This is not chance, but the consequence of 
lead present in the tissues before the experimental treatment, as shown by the 
fact that the recovered lead is greater than the amount injected ) 

The analytical findings in Rabbit 363 give evidence of further changes 
in lead distribution. Rabbit 362 undoubtedly had lead in its tissues before 
treatment, but in addition to this factor its lead excretion was small as 
compared with Rabbit 363 (Table VII). The facts are evident, nevertheless 
when the original amounts ,n the tissues are obtained by the summation of 



Table V. Changes in the Amounts and Concentrations of Lead in the Tissues of Bab- 
bits with Latse of Time Following Intravenous Injection of Colloidal Lead Phosphate 

Preparations in Gelatin 


IDENTIFICATION NUMBER 

1 315 I 

! 313 ! 

| 318 

| 320 

310 

350 | 

359 

357 | 


1 35S 

Mg. of Pb injected 





±45 J 

7.0 | 

15.2 1 

15.2 1 

15.21 

1 22.8 

Time interval after in- 
jection 

1 lir. j 

J 1 day 

4 days 

[1 wk. 

1 mo. j 

3 da vs 
' 1 

10 | 
davs 

« 1 
days 

30 

days 

Material injected 

Colloidal Pb^PO,). 

Lab. ' 

prepared in 

Commercial preparation of col- 
loidal Pb $ (P0 4 ), 


Lead in Milligrams Found in Tissues 


Kidnevs 

0.75 

o.os 

0.09 

O.OS 

mim 

■jxni 


trace 


0.00 

Liver 

mm 

44.25 

8.75 

50.00 

11.50 

Bf a 


5.20 

Rky, 

3.20 

Bile 

0.03 

0.0 5 

trace 

0.00 

0.00 


0.00 


Rfeu, 

0.00 

Spleen 

0.02 

2.05 

0.21 

mMbm 


0.20 

0.20 

0.19 

RiJtt 

0.00 

Fat 


0.03 

0.21 

0.03 






0.00 

Central nervous system 

0.19 

0.05 

0.05 

0.03 

mm 

0.00 

0.00 

0.00 

0.00 

0.00 

Blood 

33.00 

0.07 

O.OS 

0.05 

0.04 

0.00 

0.00 

trace 

0.00 

0.00 

Muscle 

3.30 

0.42 

0.24 

0.10 

0.14 

0.05 

■mm 

0.10 

0.00 

0.00 

Bone 

0 20 

24.00 

10.50 

32.00 

12.00 

■iurta 

3.S0 

2.30 

1.00 

1.90 

Lungs 

O f)f> 

0 54 

0.19 

0.40 

0.04 


trace 

trace 

0.00 

0.00 

Heart 

0.44 

O.OS 

0.03 

0.04 

0.39 


0.00 

0.00 

0.00 

0.00 

Washed hit. tract 

0.99 

0.34 

0.23 

0.03 

0.12 





a ft" | 

Contents of intestine 


0.90 





U.Ui 




Testicles 











Ovaries 


0.07 

trace 

trace 

0.00 






Suprarenals 

■mQ 

0.00 

0.04 

trace 

trace 






TJterus 


0.10 

0.03 

0.00 

0.04 





0.03 

•Skin 

1.35 

4r 

0.26 



0.12 

0.04 

0.07 

0.00 

Bemainder 

9.G0 

0.00 

0.00 

7.50 

i.no 

0.28 

1.17 

1.44 

1.28 

0.35 

All tissues 

S2.3S 

79.09 

32.95 

92.S0 

25.53 

5.05 

9.20 

9.52 

0.09 

5.55 


Lead in Milligrams per 100 Grams of 7'issuc 


Kiduers 

0.25 

0.73 

0.55 

0.62 

0.09 

MOTH 


0.00 

0.00 

0.00 

Liver 


57.50 

9.11 

43.80 

ilHWB 

0.03 

4.93 

S.14 

3.33 

3.05 

Bile 


3.33 



■mill 


■mm 


0.00 

0.00 

Spleen 

124.00 

132.50 

7.00 

9S.00 

2.57 

10.00 

20.00 

9.50 

6S.00 

0.00 

Fat 


0.00 

0.15 

0.07 

■mna 





0.00 

Central nervous system 

1.40 

0.44 

0.33 

0.15 

0.21 

0.00 


0.00 

0.00 

o.Oo 

Blood 

43.4S 

0.12 

0.07 

0.03 

»JTiKl 

0.00 


0.00 

0.00 

0.00 

Muscle 

0.73 

0.07 

0.04 

0.03 

0.02 

0.01 


0.02 

0.00 

0.00 

Bone 

4.37 

10.90 

11.02 

18. S3 

5.29 

0.47 

2.31 

1.07 

0.94 

1.19 

Lungs 

24.67 

5.40 

3.41 

2. SO 

0.27 

0.00 



0.00 

0.00 

Heart 

S.80 

1.40 

0.43 

0.57 

4.SS 


0.00 


0.00 

0.00 

Washed int. tract 

O.OS 

0.30 

0.14 

0.02 

0.03 






Contents of intestine 

■mE3 

0.53 









Testicles 

3.33 










Ovaries 


14.00 



0.00 






'Suprarenals 

13.33 

12.00 

5.00 








Uterus 


1.33 

0.27 


0.31 





0.01 

Skin 

0.79 


O.OS 



0.07 

0.02 


0.00 

Bemainder 

1.78 

0.S2 

0.52 


0.11 

0.04 

0.18 


0.13 

0.03 


_ , _ , . , _ Mg- per 100 Grams Tissue 

Relative Concentration of Lead in Tissues — Ratio — niTm s-rnc; rrr 

Mg. per 100 Grams Total Carcass 


Kidneys 

1.17 

0.17 

0.42 

0.14 

■IMtfl 

0.00 

am 

0.00 

■mill 


Liver 

5.07 

13.50 

7.04 

10.08 

pnrffjjn 

23.50 

11.51 

20.42 

14.00 

17.2o 

Bile 

1.12 

0.79 



■mif] 


Em 




Spleen 

23.20 

31.20 

5.40 

22.50 

2.68 

35.50 

46.95 

23.90 



Fat 


0.01 

0.11 

0.01 

0.00 






Central nervous system 

0.27 

0.10 

0.2G 

0.04 

0.22 

0.00 





Blood 

8.12 

0.03 

0.05 

0.01 

0.03 


0.00 




Muscle 

0.14 

0.02 

0.03 

0.01 

■!£!£fl 


■mm 

R, 


0.00 

Bone 

0.S2 

3.98 

S.98 

4.33 

5.52 

1.67 

o.52 

4.39 

4.13 

0.73 

Lungs 

4.00 

1.27 

1.09 

0.60 

■!££! 

■mm 





Heart 

1.65 

0.34 

0.33 

0.13 

5.09 






Washed int. tract 

0.11 

0.07 

0.10 


0.05 






Testicles 

0.62 










Ovaries 


3.30 



0.00 






Suprarenals 

2.50 

2.82 

3.86 










0.31 

0.21 


0.32 






Remainder 

0.33 

0.19 

0.40 

0.2S 

0.11 

0.14 

0.41 

0.47 

0.55 

0.18 


•Discarded. Not included in analytical results. 


1S6 
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tlie lead recovered from the tissues and the excreta. On this basis, Babbit 362 
had 13.7 mg. of lead in its tissues at the outset. This was redistributed in 
its tissues in substantially the manner shown by other animals of the series, 
but only 6.45 mg. were excreted. Rabbit 363 had 11.87 mg. originally but in 
the process of redistribution, it lost 8.88 mg. through excretion. 


Table YI 


Changes ix the Amounts and Concentrations or Lead in tiie 1 issues or Rabbits with 
the Lapse of Time Following Intravenous Injection or Colloidal Lead 


identification number 

369 

36S 

| 366 j 

365 

371 

370 

362 

363 

372 

\ 367 

Mg. of Pb injected 

Time interval after in- 
jection 

12.3 

25 

min. 

12.3 

1 day 

■ 

12.3 

ays 

12.3 
7 (1 

12.3 

ays 

12.3 

1 i 

12.3 

no. 

32.3 
6 u 

| 12.3 
no. 


Lead in ’Milligrams Found in Tissues 


Kidneys 



0.42 

0.13 


0.04 

0.03 

0.00 

gg||OT! 


Liver 


2.94 

1.50 

3.90 

1.98 

0.90 

0.6S 

0.28 



Bile 



0.00 

0.05 

trace 

0.00 

0.00 

0.00 


V • . ■ 

Spleen 



0.07 

0.05 

trace 

0.00 

0.00 

0.00 



Fat 



0.00 

0.00 

trace 

0.00 

trace 

0.00 


o.oo 

Central nervous system 



0.00 

0.00 

EKP 

0.00 

0.00 

0.00 

K JM 

0.02 

Blood 


* 

0.05 

0.04 

* 


0.05 

trace 

m 

0.00 

Muscle 

ifuK 

umm 

0.00 

0.07 

trace 

trace 

0.09 

0.09 

Biubm 

0.00 

Bone 

2.16 

1.35 

1.62 

5.60 


4.20 

5.20 

1.38 

1.50 

1.74 

Lungs 



0.09 

0.15 


trace 

0.00 

0.00 

trace 

0.00 

Heart 



0.00 

0.00 


0.00 

0.00 

0.00 

0.00 

0.00 

Int. tract and contents 

■Ml 

1.92 

1.11 

2.16 


1.29 

0.10 

0.08 

0.13 

0.32 

Skin 

t 

t 

t 

t 

t 

t 

0.09 

0.15 

0.00 

0.09 

Remainder 

0.96 


0.54 

1.21 

EBa 

0.96 

2.00 

0.99 

0.78 

0.03 

Entire carcass 

9.74 


5.40 

13.36 

1 6.37 

7.42 

8.25 

2.99 

2.46 

2.25 


Lead in Milligrams per 100 Grams of Tissue 



2.25 

2.29 

2.21 

SljMjl 


IlltM 



0.00 

0.00 

Liver 

5.87 

2.69 

2.73 

mmm 

1.86 

1.33 



0.00 

0.05 

Bile 




RyWil 




Blfif® 

0.00 

0.00 

Spleen 

KftJ jl 


3.50 



0.00 

0.00 

0.00 

0.00 

0.00 

Fat 

KVj 3 


■jXjljl 






0.00 

0.00 

Central nervous system 


■lima 

B ‘-J 

0.00 


■ISUil 



0.00 

0.00 

Blood 

EE 3 


o.os 

0.05 



BimSi 


0.00 

0.00 

Muscle 


iBUH 

Jl 

0.02 



■ijTiiI 


0.01 

0.00 

Bone 

1.22 

lEfeifS 

■£[ 3 

4.79 

1.54 

2.33 

2.48 


0.65 

1.05 

Lungs 



HOI 3 

1.36 

0.35 




0.00 

0.00 

Heart 



■j2j 

■[Xjljl 

msj 

W '1 

B i !■ 

EM 

0.00 

o.oo 

Int. tract and contents 



0.38 


0.29 

B» 4 

B 1 9 


0.02 

0 08 

Remainder 

mu 


IHMi 

Mm 



E ‘ ■ 

m 

0.05 

0.01- 


Relative Concentration of Lead in Tissues — Ratio z~- ^’ a m s 'tissue 

P cr 100 Grams Total Carcass 


Kidneys 

4.63 

0.42 

8.53 

Liver 

EMufl 

7.52 

EM! 

Bile 




Spleen 

10.45 

6.97 

13.52 

Fat 




Central nervous system 




Blood 

1.12 


0.31 

Muscle 

0.10 

0.19 


Bone 

2.51 

1.62 


Lungs 




Heart 




Int. tract and contents 

0.44 

0.93 

1.45 

Remainder 

0.23 


mm 


•Xo blood sample available by reason of 
tSkln and cars discarded. 


0.91 

5.92 

12.64 

6.32 

0.94 

o.d3 

0.62 

3.11 

0.58 

2.87 

1 4.16 


0.79 

0.06 

0.02 

6.02 

1.72 

4.60 

1.06 

5.48 

0.17 

0.05 

9.12 

0.14 
7.03 1 

| 

0.09 

11.21 

15.64 

0.85 

0.27 





0.40 

0.78 

1.16 

0.03 


death of animal. 
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Table 

Lead Excretion- of Babbits Following Intravenous 


AQUEOUS SOLUTION OF PbCb 


commercial 


SUCCESSIVE 

DAYS 

EXCRETION 

242 

244 

255 

250 

254 

249 

278 

SUCCESSIVE 

DAYS 

excretion 

12 MO. Pb 
IN 2 DOSES 

I \VK. APART 
AS INDI- 
CATED DY*. 
KILLED AT 
END 

HUH 

12 MC. Pb 

IN 2 DOSES 

I WK, APART 
AS INDI- 
CATED BY*. 
KILLED AT 

END 

12 MC. Pb 
IN 2 DOSES 

1 WK, APART 
LAST DOSE I 
MONTH DE- 

roRE EXCRE- 
TORY PE- 
RIOD. KILLED 

AT END 

12 mc. Pb 

IN 2 DOSES 

1 WK. AT ART 
6 MO. DE- 
I'ORE TXCRE- 

TORY PE- 
RIOD. KILLED 

AT END 

12 MC. AND 
6 MC. Pb 3 

MO. APART. 

last INJEC- 
TION 1 1 MO 
BEFORE EX- 
CRETORY PE- 
RIOD. killed 

AT END 

6 MC. Pb IN 
1 DOSE 1 1 
MO. BEFOEF 
EXCRETORY 
PERIOD. 
KILLED AT 

END 

LEAD IN MG. 


LEAD IN MG. 


LEAD IN MC 

LEAD IN MC. 

LEAD IN MC 

COMBINED 

TECES 

URINE 

COMBINED 

FECES 

URINE 

COMBINED 

TECES 

URINE 

COMBINED 

FECES 

URINE 

COMBINED 

FECES 

URINE 

TECES 

URINE 

TECLS 

URINE 

2 

1 

1 

I 

3 

1 

1 

1 

4 

4 

3 (2 No. 242) 

4 

4 

4 

t (I No. 244) 

4 (3 No. 254) 
,S 3 No. 250 ) 
A 3 No. 255 I 

Lost 

0.67* 

0.48 

0.72 

0.4! 

0.58 

0.60* 

0.62 

0.27 

0.25 

0.17 

0.12 

0.27 

(0.61)t 

0.44* 

0.39 

0.73 

0.67 

0.91 

0.75* 

0.95 

0.99 

0.99 

0.46 

0.71 

0.11 

0,27 

0.24 

0.2S 

0.47 

0.41* 

0.24 

0.19 

0.15 

0.3 5 
0.32* 

0.67 

0.2S 

0.25 

0.38 

0.09 

0.31 

0.04 

0.09 

0.00 

0.00 

0.07 

0.31 

0.27 

0.32 

0.50 

0.46 

0.31 

0.39 

0.17 

■ 

0.2! 
0.1 1 

0.24 

0.03 

0.05 

0.05 

0.21 

0.20 

0.23 

0.03 

0.02 

0.00 

4 

4 

4 

(3 No. 359) 
4 

4 

4 

4 

4 

Total 

excretion 

5.16 

9.36 

4.42 

1.28 

0.87 

0.56 

0.13 

0.64 

0.05 


Lead tn car- 
cass in mg. 

5.9 It 

5.10 

5.77t 


1.72 

2.33 

3.33 


Aver- 

age 

daily 

excre- 

tion 

First 4 
days 

0.57 

0.56 

0.25 

Si 





Entire 

period 

0.25 

0.27 

0.09 

0.12 

0.07 

0.06 

0.06 



tNot included in total excretion. 


^Including contents of alimentary tract not <bown in table. 


The analytical results on the animals which were sacrificed at the end of 
six months are like those shown after a corresponding- interval in Table J. 

The analytical data obtained from the study of lead excretion following 
intravenous administration of lead compounds, are shown in Table VII. The 
excretory response of the animals treated either with lead chloride or col- 
loidal lead was prompt and definite. The two series of results are not di- 
rectly comparable, because the urine and feces were not collected separately 
in the ease of the animals treated with lead chloride, but they are of the same 
general order of magnitude. (For reasons which will appear later, the re- 
sults on the lead chloride animals must be regarded as merely indicative of a 
trend which is not necessarily accurate in its details.) In sharp contrast, the 
lead excretion of the animals treated with colloidal lead orthophosphate 
showed little or no increase. A slight elevation of the excretory rate in the 
feces appears to have resulted, if the findings are compared with those ob- 
tained on normal rabbits, while the urinary lead, though slightly higher than 
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VII 


ADMINISTRATION OF VARIOUS LEAD COMPOUNDS 


PREPARATION OF COLLOIDAL Pba(POl)2 


COMMERCIAL PREPARATION OF COLLOIDAL Pb 



. ■■ 

561 

559 I 360 1 

36+ 

•62 363 

: /3 

3/S 30/ 

CONTROL. NO 1 
TREATMENT. A 
RILLED AT 
END OF EX- 
CRETORY 

PERIOD 

5.2 mc. Pb 1 

T START OF A 
EXCRETORY J 
ERIOD. DIED 

15th day 

5.2 mc. Pb 

T START OF 
EXCRETORY 
PERIOD. 
KILLED 

32nd day 

ONTROL. NO 

treatment 

2.3 MG. Pb AT START OF 

EXCRETORY PERIOD. 
KILLED 2STH DAY 

ONTROL. NO 
FEEATMENT. 

KILLED AT 

:nd of ex- 
cretory 

PERIOD 

12.3 MG. Pb 6 MO. BE- 
FORE EXCRETORY PERIOD. 
KILLED AT END OF EX- 
CRETORY PERIOD 


LEAD IN MG. 

.EAD IN MG. 

LEAD IN MG. \ 

LEAD IN MC. j 

.EAD IN MG j 

LEAD IN MG 

LEAD IN MG. 

LEAD IN MG. 

FECES 

'RISE 

FECES ! URINE 

FECES 

URINE 

FECES 

URINE 

1 

FECES 

URINE 

FECES 

URINE 

FECES 

URINE 

FECES 

URINE 

TECES 

URINE 

0.20 

0.18 

0.16 

0.20 

0.20 

0.26 

0.19 

0.19 

o.oi 

0.00 

0.00 

0.01 

0.00 

0.01 

0.01 

0.03 

B 

0.07 

0.09 

0.00 

0.33 

0.59 

0.36 

0.36 

0.30 

0.30 

0.20 

0.50 

0.00 

0.07 

0.02 

0.03 

0.02 

0.03 

0.0+ 

0.00 

0.21 

0.19 

0.26 

0.03 

0.19 

0.16 

0.12 

0.06 

0.0+ 

0.03 

0.03 

0.03 

0.06 

0.0+ 

1.66 

0.91 

0.+2 

0.57 

0.3+ 

0.17 

0.18 

! 


3.50 

1.50 
0.84 

0.47 

0.42 

0.25 

0.28 

0.60 

0.17 

0.13 

0.28 

0.12 

0.17 

0.13 

0.19 

0.23 

0.10 

0.00 

0.51 

0.30 

0.06 

0.06 

0.45 

0.31 

0.02 

0.03 

1.58 



0.16 

2.3+ 

1 0.23 

1.18 

0.29 

4.25 

liH 

7.26 

1 1.62 

0.42 

11H 

0.S1 

0.12 

0.7+ 

H 

1.30 

9.26 

6.69 

0.32 

8.23 

2.99 

0.40 

2.+6 

2.23 

n .05 

O.U 

0.08 

0.07 

0.49 

1.02 




o . o ; 

0.09 

| 0.09 

0.05 

0.19 

0.32 

0.07 

0.12 

0.08 


that of the control animal studied at the same time (Rabbit 361), is little 
above that of normal animals observed on other occasions (e.g., Rabbits 364 
and 373).* 


These observed facts are in harmony with expectations based on the 
chemical properties of the several lead compounds, and they are in accord 
with the result obtained by Bisclioff 4 and his associates in their determination 
of the toxicity of lead orthophosphate, colloidal lead and certain soluble lead 
salts. 


* Focal lead output cannot be regarded as an expression of the excretorv aetK-lt-i- 
tissues because of the variability In the lead content of ingested food PraetiealK-^n 
stances contain small amounts of lead, most of -which is un absorbed ’ Contrary to /m’" 

ion as expressed In exper mental procedures, such lead occurs not in h.ft £ al op , 

mensurable nmonnts of high variability Vee . 1 , 1 . not ln tr aces. but in readily 


Ion as expressed in vapui uhuiuh j»roeeuu 

measurable amounts of high variability. For this reason -we m'n.7 ‘ ““‘d 

urlnarj- lead excretion for the Interpretation of these experimental results althmfih'v- UP ° n the 
the alimentary lead excretion of control animals as a m™ ns of ^ 11 ™ tn~,u We ma , y u ° e 
magnitude of the ingested lead. The recognition of these hV t I ,e a PPr°*hnate 

urine and feces ln all our recent animal experiments andto etl , us , t0 separate the 

ton- processes chiefly on the urinan- flndi^™ e work on 1^ oh w ?° nclUs!ons , as to excre - 
beforc -we became a-warc of the importance of the lead in foid materials. " aS nearIy com P>cted 
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Tlie findings in the tissues and in the excreta of human subjects who were 
treated with colloidal lead compounds are essentially like those obtained in 
the animal experiments. Table YJJI gives the distribution of lead in the 
tissues of a patient treated for carcinoma of the cervix uteri by the intra- 
venous administration of colloidal tri-lead phosphate. The last dose was ad- 
ministered six days before death. A comparison of the distribution of lead 
in the tissues of this patient with that found in a rabbit sacrificed one week 
after similar treatment, shows a high degree of correspondence. A large pro- 
portion of the lead was found in the liver, and relatively little in the skeleton, 
despite the time elapsing between the administration of the first two doses of 
lead and the death of the patient. Obviously the transfer of lead from 

Table Till 

Distribution of Lead ix Human Tissues After Intravenous Administration of Com- 
mercial Preparation of Colloidal Lead PnosriiATE 


PATIENT A. A. WITH CARCINOMA OF CERVIX UTERI, TREATED WITH GS.4 MG. I’D AS COLLOIDAL LEAD 

PHOSPHATE, 7.6 -MG. 3 / 10 / 31 , 15.2 mg. 3 / 14 / 31 , AND 45.6 MG. 3 / 31 / 31 . died 4 / 6/31 


TISSUE 1 

WEIGHT j 
12? ! 

GM. 1 

LEAD 

POUND 

IX MO. 

LEAD IX j 
MO. PER 

100 GM. 

MG. TER 300 GM. OF TISSUE 

U ' U10 ‘ .MG. FER 300 GM. OF ENTIRE BODY 

Kidneys | 

mm 

o.os 

0.03 

0.21 

Liver 


! 37.00 

3.39 

9.93 

Spleen ' 

H 

3.2S 

3.73 

2G.G3 

Fat 

mBE jjxiAHC 

0.00 

0.00 


Muscle 

25.5 

0.01 

0.04 

0.2S 

Bone (flat) 

29.2 

0.15 

0.51 

3.G5 

Lungs 


0.41 

0.04 

0.2S 

Heart 

290.0 

0.00 

0.00 


Washed int. tract 

1292.0 

O.OS 

0.01- 

0.04 

Pancreas 


0.12 

O.OS 

0.57 

Cancer tissue 


0.04 

0.02- 

0.12 

All tissues 

| 490-1.7 

21.17 

0.43* 



•This figure is faulty because of the small amounts of bone nn>l muscle subjected to 
analysis. Calculating the total lead in the body on the basis of estimates of the total weights 
of bone and muscle (approximately S and 20 kilograms respectively) the total lead approximates 
70 mg. Pb, in a body of 50 kilograms of estimated weight. The gross concentration thus be- 
comes approximately 0.14 mg. Pb per 100 grams. The ratio is calculated on this figure. 

the liver (and tlie spleen) into tlie bones had been taking place slowly. Fur- 
thermore, little had been excreted. Tlie calculation of tlie total lead in the 
body is somewhat inaccurate because the actual weights of bone and muscle 
were not available, and the hones which were analyzed (ribs and sternum) 
may not have been representative of the lead content of the skeleton in gen- 
eral. Despite these considerations there is no doubt of the essential correct- 
ness of the picture when the findings and calculations are compared with 
those which appear in Table IX. The latter table (IX) shows the results 
obtained in the analysis of the tissues of a patient whose death from carci- 
noma of the breast occurred seventeen days after a single intravenous injec- 
tion of colloidal lead. There are certain differences in the distribution of lead 
in the tissues in the two cases, viz. ; the patient treated with colloidal lead 
shows a higher concentration of lead in the kidneys, muscle, and heart muscle, 
a lower concentration of lead in the liver, spleen and bones, and a smaller 
total amount of lead in the combined tissues. Evidently lead has migrated 
more rapidly and more generally in the body of the patient treated with eol- 
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Table IX 

Distribution or Lead in Human Tissues A it k it Intravenous Administration or Com- 
mercial Preparation of Colloidal Lead 


PATIENT E. J. WITH CARCINOMA OP BREAST, TREATED WITH 82 MG. PB AS COLLOIDAL LEAD IN ONE 

DOSE. DIED SEVENTEEN DAYS LATER 


TISSUE 

WEIGHT 

LEAD 

found IN 
MG. 

LEAD IN 

MG. PER 
100 GM. 

MG. PER 100 GM. OF TISSUE 

IN GM. 

RATIO . MG PER 100 QM. OF ENTIRE BODY 

Kidneys 

330.0 

0.96 

0.29 

3.22 

Liver 

3820.0 

26.0S 

0.69 

7.67 

Spleen 

233.0 

1.35 

0.58 

6.44 

Fat 

365.0 

0.16 

0.04 

0.44 

Central nervous 

1312.0 

2.03 

0.15 

1.67 

system 

Muscle 

172.5 

0.08 

0.05 

0.55 

Bone 

442.0 

0.74 

0.17 

1.89 

Lungs 

560.0 

0.07 

0.01 

0.11 

Heart 

302.0 

0.30 

0.10 

1.11 

Thyroid 

18.5 

0.03 

0.16 

1.78 

Suprarenals 

19.0 

0.02 

0.11 

1.22 

Uterus 

70.0 

0.02 

0.03 

0.33 

Hypophysis 

1.0 

0.00 

0.00 


Pancreas 

58.5 

0.16 

0.28 

3.11 

Cancer tissue 

445.0 

0.35 

O.OS 

0.89 

All tissues 

8148.5 

32.35 

■BEK 



•Correction of this figure must be made as in Table VIII. On the basis of total weights of 
fat, bone and muscle (approximately XI, 9 and 24 kilograms respectively) the total lead in 
the body was approximately 64 mg. In the body (approximately 70 kilograms) the calculated 
concentration would be 0.09 mg. Pb per 100 grams. The figures in the last column are based on 
this calculated concentration. 


Table X 


Distribution of Lead in Tissues of Normal Human Adult 


YOUNG HEALTHY MALE NEGRO, WITH NO HISTORY OF LEAD EXPOSURE, KILLED BY STAB WOUND 

OF HEART 


TISSUE 

weight 

IN GM. 

LEAD 
FOUND IN 
JIG. 

LEAD IN 
MG. PER 
100 GM. 

pmrt . mg. PER 100 GM. OF TISSUE 

MG. PER 1U0 GM. OF ENTIRE BODY 

Kidneys 

300.0 

0.21 

0.07 

0.41 

Liver 

2073.0 

1.75 

O.OS 

0.46 

Spleen 

173.5 

0.00 

0.00 

Fat 

109.0 

0.00 

0.00 


Muscle 

388.0 

0.00 

0.00 


Bone (flat) 

92.8 

1.03 

1.11 

6.53 

Cartilage 

10.6 

0.00 

0.00 

Lungs 

786.0 

0.00 

0.00 


Heart 

276.5 

0.00 

0.00 


Thyroid 

41.5 

0.00 

0.00 


Suprarenals 

10.3 

0.00 

0.00 


Pancreas 

106.7 

0.04 

0.04- 

0.23 

Prostate 

5.8 

0.00 

0.00 

Bladder 

79.3 

0.00 

0.00 


Portion spinal cord 
and femoral nerve 

17.8 

0.00 

0.00 


All tissues 

1 4470.2 

3.03 

0.07* 
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loidal lead than in that of the patient treated with colloidal lead phosphate. 
It should be noted that there was no selective absorption of lead in the tissue 
of the tumor in either instance. 

The tj^pes of distribution of lead shown in Tables VIII and IX are dif- 
ferent from each other. Yet both are distinctly unlike that which is found 
when the usual type of lead absorption, over a period of time, has taken 
place. Undoubtedly, the character of the distribution of lead in human tis- 
sues may be found to vary greatly with a number of factors. Nevertheless 
when a condition of approximate equilibrium with respect to a prolonged 
and regular lead absorption has been brought about, the end-result is similar 
to that which is illustrated in Table X. The data presented in the table were 
obtained from the analysis of the tissues of a healthy young man who died 
immediately after a stab wound of the heart. His occupational history gave 
no evidence of recent industrial exposure to lead. 

In Table XI the urinary excretion of lead following the injection of 
colloidal lead phosphate and colloidal lead are compared. Case A. A. showed 
no appreciable increase in urinary lead output following the administration 
of 3 doses totaling 68.4 mg. of lead as colloidal lead phosphate. This fact 
coincides with the data of Table VIII which show that most of the adminis- 


Table XI 


Urinary Lead Excretion or Human Subjects Following Intravenous Administration of 

Colloidal Lead Compounds 


COLLOIDAL LEAD PHOSPHATE 


SUCCESSIVE ■ 
DAYS ’ 
EXCRETION 

PATIENT A. A. 

PATIENT B. L. 

LEAP IX MG. 

LEAD IX MG. 

FOUND 

PER 

LITER 

FOUND 

PER 

LITER 

Control 





2 days 






7.6 mg. Pb as Pb,(PO.). 

1 day 



IPfti W 

■111 H 

1 day 

0.03 


Ini 


1 day 

0.02 

0.02 


liinH 

1 day 



i®!, IKM 

■ixi 


15.2 

mg. Pb 

as PbAPOJ. 

3 days 

1 0.07 1 


MOurdl 


3 days 

0.04 | 


0.17 

0.14 

3 davs 



0.21 

0.16 

3 days j 

0.02 j 

Bfc&iip 

0.12 

0.11 

3 davs 

0.01 





45.7 


as Pb,(PO.). 

3 davs 



0.10 


3 days 



0.28 

0.22 

2 days 



0.2S 

0.23 

3 days 



0.31 

0.2S 


95 mg. Pb as Pb 3 (P0 4 )„ 

3 days 



0.24 

0.19 

4 days 



0.38 

0.2S 

2 davs 



0.41 

0.29 

3 days 



0.48 

0.32 

2 davs 



0.18 

0.24 

3 days 



0.34 

0.23 

2 days 



0.12 

0.17 

3 days 



0.31 

0.24 

4 days 



0.57 

0.34 




0.11 



[ COLLOIDAL LEAD 

SUCCESSIVE 
DAYS ’ 

PATIENT P. B. 

PATIENT H. 

LEAD IN MO. 

LEAD IN MG. 

EXCRETION 

FOUND 

PER 

FOUND 

PER 



LITER 


LITER 

Control 





2 days 



0.17 

0.11 


49.2 mg. Pb 

45.1 mg. Pb 

3 days 

0.70 

0.65 

0.02 

0.01 

3 davs 



0.43 

0.19 


S2 m 

g. Pb 

71.75 mg, Pb 

3 davs 

0.55 

0.42 

1.44 

0.3S 

3 days 

0.49 

0.28 

0.74 

0.19 


41 mg. Pb 

57.4 mg. Pb 

3 days 

0.31 

0.17 

0.93 

0.31 

3 days 

0.35 

0.26 

0.92 

0.34 

3 davs 

0.36 

0.19 

0.64 

0.22 

3 days 

61.5 mg. Pb 

0.30 

0.07 

3 davs 



0.27 

0.22 

3 days 

0.40 

0.15 




45.1 mg. Pb 



3 days 

0.44 

0.25 



3 days 

0.40 

0.17 



3 days 

0.3S 

0.25 



3 davs 





3 days 

0.29 




3 davs 

0.42 

0.18 



3 days 

0.19 

0.19 



3 days 

0.27 

0.15 



3 davs 

0.20 

0.12 



2 days 

0.10 




3 days 

0.17 

0.04 



2 days 

0.22 
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tered lead was retained in the tissues. Case B. L. on the other hand, showed 
a doubtful increase in urinary lead excretion after 22.8 nig. of colloidal lead 
phosphate had been injected, a definite response after a total dosage of 

68.4 mg. had been given, and a still further increase after the gross dosage of 

163.4 mg. had been reached. Both patients who were treated with colloidal 
lead showed a quicker and greater elevation of urinary lead excretion than 
that seen in the patients who received colloidal lead phosphate. The rate of 
urinary excretion after the administration of colloidal lead phosphate rises 
slowly but steadily with each additional increment of injected lead, showing 
little tendency to diminish between doses. The opposite result occurs after 
the administration of colloidal lead. A rapid rise in the excretory rate is 
followed by a rapid fall in most instances. However, the rate after the initial 
drop is usually well above the level shown by untreated or unexposed persons. 
These facts are in accord with the other evidences that colloidal lead phos- 
phate is relatively inert in the body while colloidal lead is a comparatively 
active compound. 

DISCUSSION 


The foregoing experimental observations make it apparent that the rela- 
tively insoluble tertiaryand secondary phosphates of lead are chemically and 
physiologically inert as compared to the compounds formed in the blood when 
soluble salts of lead, and colloidal lead are injected intravenously. This 
proves that soluble lead salts are not converted quantitatively into inorganic 
lead phosphates when introduced into the blood stream. The conclusion that 
lead is carried in the blood in the form of inorganic phosphates, which was 
arrived at by Aub 20 and his associates, and by Brooks, 21 after experimentation 
in vitro, is therefore untenable. 


The results obtained on animals treated with colloidal lead show that 
this compound of lead is almost as reactive in the body as the water soluble 
salts of lead. Thus it seems probable that colloidal lead is rapidly converted 
into the same compounds which are formed when lead salts are injected intra- 
venously. This conclusion is in agreement with the experimental observations 
of Bischoff and Blatherwick, 11 on the toxicity of colloidal lead, and on its 
chemical instability under conditions similar to those which exist in the blood 
stream. 


The usefulness of the foregoing studies to those who are employing l ea d 
compounds in the treatment of malignant tumors, will depend elii'efly C upon 
a point of view as to the mode of action of lead therapeutically. If a main- 
tained lead stream of low concentration will combat malignant proliferation 
then the use of large doses of lead orthophosphate is justified. On the other 
hand, if the effect of lead upon tumor tissue depends upon the maintenance of 
a high concentration of chemically reactive lead in the blood or in the tumor 
compounds of lead which are less inert than lead phosphate should be era’ 
ployed. The use of such compounds will certainly give rise to danger in that 
general lead intoxication in the patient may occur simultaneous^ with the 
toxw effect upon the tumor cells, despite the fact that the latter mav be more 

susceptible than the normal tissues. " c 
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The hope of obtaining selective localization of lead in tumor tissues, 
through use of the preparations here studied, is small. The spleen and liver, 
as well as the lungs, may be expected to remove the greater proportion of lead 
from the circulation, and the originally high concentrations of lead in these 
tissues will diminish rapidly (except after the use of the relatively inert lead 
phosphates) through the migration of the lead into the skeleton, and through 
excretion from the body. 

Finally, it needs to be reemphasized that lead compounds are not stored 
in living tissues in inert form. Lead continues to be excreted from the tissues 
until there is a balance between that which is being excreted and that which 
is being absorbed as the result of unavoidable contacts with lead in food ma- 
terials and elsewhere. Thus it appears that the mechanisms of lead deposition 
and metabolism in the tissues are not different in principle from those of the 
common mineral elements of the body. 
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LABORATORY METHODS 


AN ADAPTATION OP SAND FILTRATION TO THE RAPID CLEARING 
OP HEAVY BACTERIAL CULTURE MEDIA 

G. McP. Mood, M.D., Charleston*. S. C. 


T HE appliance pictured and described below was perfected by the author, 
with the assistance of his laboratory technicians, and has been used over a 
period of fifteen years with considerable satisfaction. 

The appliance consists of (1) a filtering unit, (2) a collecting bottle, and 
(3) a vacuum (pressure) pump of sufficient power to produce a negative pres- 
sure of at least twenty pounds in a collecting jar of 4,000 c.c. capacity. 

The filter consists of a one-gallon glass percolator, the lower end of which 
is calibrated to accommodate a one-fourth inch heavy walled rubber tube, of 
sufficient length to reach to the collecting bottle. In the bottom of this percolator 
is placed a perforated porcelain disc, such as is ordinarily used in a chemical 
laboratory and of a size that fits snugly. Immediately over this is placed a 
layer of medium coarse glass wool, two inches thick, and upon this five inches 
of hot, wet, cleaned sand of a size which will pass a No. 60 mesh screen but be 
retained by a No. 80 mesh screen. 

The culture medium to be cleared, such as nutrient agar-agar or gelatin is 
poured, while quite hot, directly upon this layer of sand. 


The collecting bottle is equipped with a tightly fitting rubber stopper, with 
two perforations, through each of which is placed a tightly fitting glass tube 
about three indies long. To one of these two tubes is connected the°rubber tube 
attached to the percolator ; to the other is attached a similar heavy walled rubber 
tube, the free end of which is attached to the negative pressure pump 

After the pump (which may be electric, or water or hand powered) is 
started and a negarive pressure is produced in the collecting bottle the culture 
medium is drawn through the filter and to the collecting bottle ’at a rather 
rapid rate and sufficiently clear for all ordinary baetcrioloric work If e™ 
white is added to the medium to be cleared, the fluid delivered is clearer- the 
sur ace of the sand filter may become clogged, however, requiring that it be 
.rota, by scraping the surface of the sand rvith some instrument. sucll „ , 

heavy stirring rod. introduced through the layer of culture medium over the 
sand; with which the surface is foreihlv hrokon on,:,. , °' er tne 

times, if necessary, without interfering with the efficiency of tlTfiltet.^' 0 ™ 1 
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The filter has the advantage of filtering sufficiently clear for all ordinary 
bacteriologic work any of the heavy culture media, including those impaired by 
contact with organic filter substances, such as Huntoon's Hormone Medium. The 
media are cleared rapidly, with practically no loss, as the filter may be run until 
all of the medium is drawn through the filter layers. 

The filtered culture medium is unchanged chemically, as it comes in contact 
with no organic substance with the exception of the rubber tube connecting the 



Fig. 1 


percolator with the collecting bottle. In our experience this tube has caused no 
change. If desired, however, this connection may be made with glass tubing. 

The filter may be taken down immediately after using, while still hot. The 
glass wool and porcelain disc may be washed in several changes of boiling water. 
The sand may likewise be cleaned and used again if desired. 

This is the apparatus as used by us in the Bacteriological Laboratory at 
the Medical College of the State of South Carolina. Its size, and the amounts 
and sizes of the filtering materials may be changed to suit unusual conditions. 





A SIMPLE AND EFFICIENT ELECTRICAL TOOL FOR SEALING 

MUSEUM JARS* 

Charles D. Brown, Albany, N. Y. 


T HE use of an asphalt cement for sealing museum jars and cells in which 
pathologic specimens are mounted, while comparatively recent, has proved 
to be so satisfactory 1 * 2 that such a cement is rapidly supplanting those com- 
posed of other constituents, especially resins, waxes, and oxides. 

Experience with several types of cement, including some of those which 
are applied cold, indicates that cements containing asplialtum as the principal 
constituent give the most favorable results and meet nearly all conditions 
very satisfactorily. When, however, Judah's modification of Kaiserling’s 
solution 3 is used for the final preserving medium there is a tendency for the 
cement to become liquefied, possibly owing to the liberation of free chloro- 
form from the chloral hydrate which is one of the constituents of the solution. 
Specimens preserved in solutions without chloral hydrate and sealed with the 
same cement have not shown a tendency toward liquefaction. 

The usefulness of a cement for specimen jars depends on its insolubility, 
adhesiveness, tenacity, and, in its final physical state, on its plasticity. Ce- 
ments reach their permanent state by evaporation of the solvent, if used by 
oxidation, by a physical change upon cooling, or by a combination of two, or 
of all three of these processes, depending on the constituents of the original 
cement. It is obvious that the more quickly the final set is reached the more 
adapted is the cement for wet tissue mounts. 

As asphaltum meets the requirements of a suitable sealing substance, the 
electrical tool here illustrated and described has been designed for the rapid 
and efficient application of cements containing it. 

The applicator is suitable for sealing practically any type of museum jar 
and is especially useful for applying asphalt around the cell for thin patho- 
logic mounts as prepared by Davis.* 1 


Its advantages are : that it permits quicker and neater work than the usual 
method, does away with the use of a sand bath for heating, and to some ex 
tent, with disagreeable odors; it is always ready for use, and can be kept in 
any drawer or receptacle with other tools. Further, one or many conta ners 
can be sealed at any time without the usual preliminary preparation or manip- 

,° f Y ccnM f- T 'l » is prepared in the nsnal n annn? . 

the surface being cleaned first with soap and water ti,™ , , , ’ 

hoi and benzol. It is heated with a flame unt hot’ t tl i S ° 1Ute 
i5 applied, and .he preview, „ea M lid Z on J° “ei-htTd 't ’ 1 " m<!nt 
thin joint, thus minimizing the amount of surface whirl, “ ’ 1 lnsure a 

by the preserving solution. can ,e ac * e d upon 


•Prom the Division of Laboratories 
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Manipulation of the applicator is as follows: The reservoir is filled from 
the stock container with liquefied cement to a level just above the sluice lead- 
ing to the point ; the apparatus is then tilted back far enough to prevent the 
cement from flowing out. The current is turned on and the cement allowed 
to come nearly to the boiling point. The tip of the applicator is then drawn 
along the top of the jar near the outer edge and the required amount of 
cement, which can be regulated by the speed at which the applicator is moved, 
is thus deposited on the surface to be sealed. An excess of cement, or applica- 




tion too near the inner edge, may cause superfluous material to be squeezed 
into the jar when the lid is pressed down. A little practice is needed to gauge 
the speed and angle at which to opex-ate most satisfactorily. 

DESCRIPTION OF THE APPARATUS 

The apparatus is 1 by 2 by 11 inches over all and weighs one pound. It is 
composed of a body, which contains the heating element, a tip or applicating 
point with a sluice connecting with the reservoir for the cement, and an oper- 
ating handle of wood (Fig. 1). The applicator is milled from a coi'ed alumi- 
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mum easting, the' dimensions of which are shown on the plan (Fig. 2). The 
easting was made in a commercial foundry, the shaping, finishing, and elec- 
trical woi-k being done in the laboratory machine shop. The heat is supplied 
by a 150 watt cartridge heating unit placed well forward under the reservoir 
to insure adequate heating of the point. Such heating units operate on 110 
volts, 60 cycle alternating current. As may be noted on the drawing, the ap- 
plicator base, which is of brass, is removable, in order to facilitate the machine 
work in the heating chamber. The greatest efficiency in heating is obtained 
when the unit is in contact with the surrounding metal, but, owing to the 
difference in the expansion of the metals, a clearance of %o.ooo of an inch 
must be allowed when the chamber is milled. The lead should be asbestos 
wound and not rubber coated, as there is more heat in the chamber and handle 
than rubber will withstand. 
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A SIMPLE AUTOMATIC SHARPENER FOR MICROTOME KNIVES* 
Tracy J. Putnam, M.D., Boston, Mass. 


nr 1 HERE can be few histologists who have not hoped to find a more efficient 
1 method of sharpening microtome knives than the usual baud honhm a nd 
stropping. The need has been partially supplied by the automatic machines 
of Fanz, 1 but they are open to two objections. The cost of the apparatus 
especially of the machine for larger knives, is prohibitive for many laborato’ 
ries, and the knife blade is subjected to more wear at the ed-e of the disc 
than near the center. The device to he described can be assembled for less 
than thirty dollars from materials available at any large hardware store 
and can easily be adapted for knives of any size. 9 

The principle employed eras suggested to me by Dr. Samuel Orton 
bndt a somewhat similar apparatus and I most gratefully acknowledge my 
indebtedness to him. My own additions have been purely mechanical A m 
Sharpening is carried out bv rest in" the orW ti,„ , - e 
voicing fiber cylinder (Pig. f, i,. Tim S„d«"r el^ £ ? .!££ * ~ 
fiber pulley. 9 inches in width and S inches in dinmetpr ,. 1 , 1,1 i ! ood 
down in a lathe to an absolutely true s, T ,l ’ ' f ’'“ S been *“ ra ' d 

ins *“» - <“ <**. 
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bearing two 2 inch pulleys as bushings, is inserted in the bore of the large 
pulley, and is quite strong enough to carry the weight involved. The shaft 
in turn revolves upon two bronze pillow blocks. 

The cylinder is turned by a V\ li. p. motor by means of a V belt. A 
motor pulley of 2 inches and a shaft pulley of 8 inches provide a suitable 
reduction. 

If the knife is merely laid on the cylinder, it inevitably becomes grooved 
by irregularities of the surface. It must be given a slight lateral motion, of 
about an inch in each direction. This is accomplished by attaching the knife 
holder to a inch shaft which slides back and forth in pillar bearings, paral- 
lel to the cylinder (Fig. 1, B) . The reciprocating motion is obtained from a 
crank actuated by a bevel gear lying in the plane of the base of the machine, 



Fig. 1. — IvniCe sharpener seen from above. A, Polished fiber cylinder; 23, reciprocating 
shaft; C, reciprocating mechanism made from a hand drill; D, knife holder; jE7, "filler" fitting 
inside knife holder to adapt it to knives of different sizes. 


and actuated by a small belt and pulley' from the cylinder shaft. A cheap 
hand drill furnishes bevel gears of a convenient size (Fig. 1, G). 

The knife holder itself is the only' part of the apparatus which cannot be 
purchased ready' for use. It consists of a square rod of metal the length and 
thickness of the hack of the largest knife to be sharpened, to which are riveted 
two flat pieces of spring bronze of equal length and wide enough to hold the 
knife firmly without striking the cylinder ; that is, the edge of the holder 
comes within about half an inch of the edge of the blade. The bronze strips 
are bent toward each other so as to hold the knife firmly' (Fig. 1, B). If 
smaller knives are to he sharpened also, a small metal “filler” is used, which 
fits inside the holder and holds the edge of the small knife at a suitable angle 
to the surface of the cydinder (Fig. 1, E ). The knife holder swivels on a rod 
rigidly' attached at right angles to the reciprocating shaft. The distance from 
the reciprocating shaft to the holder is adjustable so that the optimum angle 
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for the edge of the knife may be found by trial. A weight of about a kilogram 
should be placed on the rod close to the knife holder to increase the pressure of 
the blade against the strap (not shown in the illustration). 

The only abrasive which is safe to use with this apparatus is jewelers’ 
rouge, made into a thin suspension with castor oil. Nicks no deeper than the 
honed edge may be removed in ten hours’ grinding or less, and no deep 
grooves are cut. The rouge should be employed as little as possible, however, 
and carefully washed off with soap and water after use, as a better polish 
may be obtained with no abrasive at all. A mixture of equal parts of linseed 
oil and turpentine with a little Japan dryer makes a good dressing and the 
cylinder gradually acquires an “oil polish.” Great care should be taken to 
keep it clean. It would doubtless be easy to prepare a second cy lin der to be 
used with emery, but this has not proved necessary so far. 



The angle of the knife should lie so adjusted that the polished ed»e is 
about 0.5 mm. wide. If it is much wider, a trying “false ed-e” will f° 0 rm 
As the edge is slightly concave, it is sharper than one of similar width urn' 
duced on a fiat hone. The knife should be stropped on one side until only 
a trifling unevenness is seen under the microsennn . • 

equal length of time on the other. Wear on the bkde is ^VslowTd^the 
machine may safely lie left running overnight L 

<>■' “ f TS 

seconds each during about a minute to remove the burr A n 

given by stropping for a minute by hand on a soft stron free f P f* Sh 5S 

m ' >UMC<1 ,h ' <* » ‘OJ- ™ S 0„ for ensv 
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Summary . — A simple automatic sharpener for microtome knives is de- 
scribed, which emploj’s a revolving cylindrical fiber strop. The machine 
saves most of the labor of sharpening and produces a better edge than can be 
pi-odueed by hand. It. is less expensive to build, more compact, less fragile 
and easier to use than machines now in use, and can be adapted to the largest 
knives. 
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MORPHINE PENT 0 BARB IT A L ANESTHESIA FOR DOG SURGERY' 


M. II. Seevers, M.D., Madison, AVis. 


A NONVOLATILE anesthetic combination for dogs, which produces good 
surgical anesthesia and relaxation for a period of from one to two hours 
and assures postoperative recovery, is a distinct asset to the individual ex- 
perimenter. 

The short-acting barbiturates, pentobarbital and amytal, if used alone, 
give good anesthesia but recovery cannot be expected for from three to six 
hours. In addition, since these drugs are not. analgesic, uudesired restlessness 
and purposeless movement often characterize the recovery period. 

AYe have been using in this laboratory a combination of morphine and 
pentobarbital sodium with gratifying results. The anesthetic dosage of pento- 
barbital sodium for the dog is from 0.025 to 0.035 gm. per kilogram intra- 
venously. If morphine sulphate 0.01 gm. per kilogram and atropine sulphate 
0.001 gm. per animal be given subcutaneously one and one-half hours prior to 
operation, the amount of pentobarbital sodium required is reduced to 0.005 to 
0.015 mg. per kilogram, depending on the length of anesthesia required. 
Obviously, no fixed dosage can be predetermined for any given animal because 
of individual variability in reaction to the drugs. 

AYken ready for operation, we inject intravenously a i per cent solution 
of sodium pentobarbital slowly, carefully observing respiration and other cri- 
teria of anesthesia, particularly the lid reflex. Slow injection (five minutes) 
permits of maximal control of depth of anesthesia with minimal dosage. The 
minimal amount of the drug required to produce anesthesia, if given in this 
manner, will usually last about one to one and one-lialf hours. Subsequent 
additions of this barbiturate by the same method of slow injection will extend 
the period of anesthesia if desired. Precaution against respiratory arrest must 
be taken by using slow intravenous injection of the drug on a symptomatic 
basis rather than by rapid administration of a fixed dose. 

Recovery is gradual (one to two hours) and is free from excitement. 
Pharyngeal and laiyngeal reflexes return early leaving no concern as to care 
or ultimate result from anesthetic procedure. AA 7 e have found this combination 
highly satisfactory for any physiologic experiment in which the presence of 
morphine or a barbiturate is not specifically contraindicated. 


♦From the Department of Pharmacology, University of 'Wisconsin. 
Received for publication, February 10, 1933. 



AN IMPROVED METHOD OF BLOOD CULTURE - 


Leonard S. Manly, and Clarence C. Saelhof, M.D., Chicago, III. 


T HE following method of making blood cultures has given satisfactory 
results: A bottle, approximately 250 e.c. in size and containing 30 c.e. of 
dextrose phosphate broth, is fitted loosely with a two-liole rubber stopper 
bleeding attachment, the inlet tube of which should extend for about 6 cm. 
into the bottle, and which should have attached a No. 13 gauge needle, and 



Fie. 1 


is sterilized at a pressure of fifteen pounds for thirty minutes. Just before 

use, as recommended by Hadjopoulos and Burbank. 1 30 c.e sterile nentn 
solution, containing 2 drops of 5 per cent sterile , t I ne 

are added. The rubber Apper is "mta “ 1U ' i0 ”- 
The apparatus is pea- read, for use (Fi- 1, S J L , P ° Si,io “- 

130 e.c. of blood is drawn from a suitable vein The 1 otii° • e appr0ximatel . v 
room^temperat ure for three hours in order to ’secure a firm’ adheren/dof- R 

•From Die John McCormick Institute for ’ 
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is now incubated at 37° C. and examined ca refully each day for ti>c growth 
of small pinpoint colonies on the edge of the clot or in the .surrounding fluid. 
For identification of eventual growths, streaks on suitable mediums can be 
made. Using this method positive cultures were obtained in 43 of 67 eases 
(64 per cent), while the usual routine method yielded positive blood cultures 
only in 34 cases (23 percent). 

The advantages of the new method are (3) neutralization of natural com- 
plement or alexin of blood directly upon withdrawal by fbo peptone sodium 
carbonate solution 1 ; (2) direct transfer of blood to cultural medium with 
minimum handling and consequent lessened possibilities of contamination; 
(3) all gradients of oxygen tension necessary for the growth of different types 
of bacteria are provided; and (4) the ease of observance of growth. 
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THE PREPARATION AND STAINING OF FROZEN SECTIONS* 


A. A. TiniiAiroEAE, M.B.. Buffalo. N. Y. 


F OR some considerable time there has been much discussion ns to the rela- 
tive value of the various methods used in the preparation of tissues for 
section and in the methods of sectioning the same. The Pathological Labora- 
tory of the State Institute for the Study of Malignant Disease has for many 
years been one of the foremost champions of the frozen section method, and as 
we In; vc many enquiries on this topic, it has seemed desirable to describe in some 
detail the actual technic in use in our laboratory with some discussion of re- 
sults obtained and our reasons for the preference of this method. 

During the past twenty years tissues from more than 325,000 surgical 
cases and from almost 1,000 autopsies have been sectioned by the frozen tech- 
nic in the pathological laboratory of the Institute. Modifications in both the 
methods of cutting the section and in the technic of staining have been made 
from time to time, but our efforts have been primarily directed to the prepa- 
ration of better sections rather than to the reduction of the time necessary to 
secure the same. 

The frozen section method was at first, advocated for its rapidity of exe- 
cution. It was the only method practical for immediate diagnosis of suspi- 
cious tissue while a patient was held under anesthetic on the operating table, 
pending the report of the pathologist. Small portable microtomes were de- 
vised and these were especially designed for use in constricted quarters. 
With such equipment it was obviously difficult to obtain satisfactory or uni- 
form sections. Where speed was the only objective, the quality of the see- 

•I'Yom the New York State Institute for the Study of MaUjmnnt Disease, Burton T. 
Simpson, M.D., Director. 
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tion produced suffered; and this very fact caused many of the older and more 
experienced pathologists to condemn the method in its entirety. 

"While these objections were early realized in our laboratory, the desir- 
ability to the attending surgeon of prompt reports on biopsy material was 
also appreciated. Serious attempts were made to so modify and use the frozen 
section method that examinations could be promptly made without, in any 
way, sacrificing the quality of the section. At the present time we feel that 
our routine frozen sections are equal if not superior to sections produced by 
any other teclmie. 

A prime necessity in the production of good sections is a suitable microtome. 
"We have long since discarded the light, flimsy, portable type of microtome 
for a more solid instrument. At present we use a large sledge microtome. 
Spencer No. 860, which we have had modified so that we may use a freezing 
chamber. Sections produced on this rigid instrument are uniform in thickness 



Kitj/ 1. — Pnoton»icrogr;i ph 


made from a frozen section 
vith hematoxylin and 


0 pnSn myX ° Ch0nd,0 ' <ipitht ' liom a- 


Stained 


and can be consistently cut on properly fixed material at from 5 x to 10 
A sharp knife is. of course, essential. We employ 18 cm. and 25 cm knives 
which are systematically examined and stropped each dav before use ’ ]f 
serious defect in the cutting edge is noted, the knife is laid aside for thorough 
sharpening. c 

fixation of tissues 

To secure good sections the tissue to be e\-m. , , . , 

For the frozen technic, this is best accomplished bv the" use" of' lTpL^^t 
iormalin on thin slices of tissue. Where med i* i , 1 l 5cl cent 

live must be thoroughly removed by washiim in wot nr ' ' . ^ elleinical fixi1 ' 

tion. In the preparation of material for section the follT °' SUltabIe solu ' 
enteds 011 ,IlP fol lo"-.„g steps are indi- 

1. Thorough fixation of the ^ , 

malin solution. ’ ' *' h* tderahly in ]() per cent for- 
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2. Careful inspection by the pathologist of such material with a view to 
the selection of suitable blocks for section. 

3. Removal of blocks of tissue 1 cm. to 2 cm. square by 2 mm. to 3 nun. 
thick, and including if possible normal as well as pathologic portions of the 
tissue. 

4. These blocks should be held in 10 per cent formalin until sectioned. 


FREEZING OF TISSUES 

For the freezing of the tissues carbonic oxide is used exclusively in our 
laboratory. We have found that tissues must be frozen to just the right con- 
sistency. If they are frozen too hard, the sections are apt to be brittle and to 
break up readily; if too soft the knife scrapes, rather than cuts the tissues and 
sections are not satisfactory. Various solutions of glucose, dextrin, gelatin, 
etc., have been used as embedding materials on the freezing stage, but we have 



Fie. 2. — Adenoma, of thyroid. Photomicrograph made from frozen section. Hematoxylin and 

eosin stain. 

not found any of these to be of great practical value. Water in just sufficient 
quantity to fix the tissue firmly to the freezing stage has proved most satis- 
factory and any tissue too friable to give satisfactory sections in this medium 
alone should be immediately started through the paraffin or celloidin embed- 
ding process. 

CUTTING OF THE SECTIONS 

1. Insert a freshly stropped knife in the holder and systematically tighten 
all screws holding the knife and the freezing stage of the microtome. We 
have found that the best sections are secured when the knife is inclined at 
about 25° to the horizontal and when it sweeps over the block of tissue at an 
angle of approximately 30° 

2. Set the microtome indicator at the proper point, 5 /», S f> 10 M~ 

3. Rinse the block of tissue in distilled water and place in a small drop of 
water in proper position on the freezing stage. 
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4. Admit C0 2 to the freezing chamber in short blasts until the water and 
tissue start to freeze. Before the tissue is completely frozen the block is 
trimmed by bringing the knife over its surface, cutting away excess elevations 
and leveling the block. 

5. When the tissue is well frozen, sections are secured in the usual man- 
ner by successive strokes of the knife. 

6. Remove sections from the knife with the finger tip or with a wet camel’s 
hair brush to a 10 per cent alcohol solution in a small Peti’i dish. 


STAINING 


Sections prepared as above are stained as follows: 

1. Deliver sections into a flat Petri dish in the 10 per cent alcohol solu- 
tion. 

2. Transfer whole untorn sections into a shallow staining dish containing 
a solution of Harris hematoxylin, for from five to fifteen seconds. 3 ' b 

a. Harris hematoxylin which we have found most satisfactory for routine 
staining is made up as follows : 


Hematoxylin 
Alcohol 95 % 

Dissolve 

Ammonium Alum 
Distilled Water 


5 grams. 
50 c.c. 

100 grams. 
1,000 c.c. 


Boil alum until dissolved: add hematoxylin. Bring whole to a boil Then 
add 3 grams mercuric oxide (II B 0) and cool quickly. The above is stock solu- 
tion. For routine staining it should be further diluted as follows- 

Hematoxylin (.Stock) 300 c.c. 

Glycerin 50 c . e . 

Glacial acetic acid 12 c .c. 


This stain darkens with age and is usually better a few days after preparation 
When it becomes too dark, it is discarded and a fresh solution prepared from 
stock. 

b. The placing of the staining dish over a window of the same diameter 
m the laboratory table and below which a 50 watt electric lamp is placed 
gives a satisfactory illumination of the staining dish and allows sections to 
be handled more easily and more expeditiously. 

3. Remove sections with straight section needle to lar-e Petri dish eon 
taining M dhtBM .vatcr. Leave until all excess slain is hashed Ge „; 

tie agitation facilitates tins process. * 

4 Transfer to a second Petri dish containing distilled water to which 
few drops of XII ,OII have been added In this snhit; ■ ' Htl a 

change from a pnrplc H, a blue color ,he Se0, “>" s « 

5. Sections are lifted, in rotation into ri.hmoo , . . 

85 per cent, and 95 per cent alcohols respectivelv bein ”lcft 7 fe ? ° ^ 7^’ 
each. ' ,ein ^ le *4 a few seconds m 

G- Counterstain in third saturated solution . . 

for five seconds. cosm in absolute alcohol 



208 


THE .lOm.VAL 01' EAIJORATORV AND CEINK'AE MEDICINE 


7. From the eounterstain. .sections are transferred for clearin'* lo carbol 
xylol contained in a fairly large deep staining dish. From this solution they 
are mounted directly on the slide without the use of a section lifter. 

8. Blot sections with filter paper and mount in balsam. This whole proc- 
ess of sectioning-, staining: and mounting: can he carried out in less than five 


Fig. 3.-~GUint evil tumor, epiilte. Frozen section. Hematoxylin and cosdn stain. 




FIs'. 4. — Squamous-cell carcinoma of skin. Photomicrograph made this year from frozen -ce- 
tion made, stained and mounted in 1913, and in our flies since that time. Staining by hematoxj- 
Iin and eosin. 

minutes. We have in some profusion tried out the various rapid methods 
using fresh unfixed tissues, polychrome stains, special embedding media, etc., 
but have not found any of them to give the same satisfaction as do fixed 
tissue sections stained with hematoxylin and eosin. The latter, moreover, give 
us permanent sections which retain their stain satisfactorily over long periods 
of time and which are of value in the permanent record of the ease. 
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TABLE DIAGNOSIS 


While in our laboratory we are of the opinion that the so-called “Table 
diagnosis*’ performed during operation is undoubtedly in many cases of great 
value to the surgeon, we feel that if this procedure is to be used, accuracy 
should be the primary consideration. Sufficient time should be allowed the 
pathologist to thoroughly examine the tissue in the gross and to select and 
properly fix the pieces of tissue for section. Our method in these cases is to 
fix small blocks, not more than 2 mm. thick or 1 cm. square, of selected tissue 
in strong formaldehyde solution which is kept at the boiling point. Fixation 
is usually satisfactorily accomplished in about fifteen seconds. We then pro- 
ceed with the regular freezing and staining technic. Reports can usually be 
made on such tissues in four or five minutes from the time the tissue is handed 
to the pathologist. We feel strongly that the few additional moments neces- 
sary to allow the pathologist to make a careful survey of the tissue presented 
to him and to prepare and stain a section satisfactory for microscopic exami- 
nation is. indeed, time well spent. If. on the other hand, the surgeon is unwill- 
ing to allow sufficient time for this type of examination, we are of the opinion 
that the whole procedure might better be abandoned. 


Frozen sections when properly made and stained show on examination a 
brilliancy of staining which is attained by no other method of preparation. 
Due to a minimum subjection to chemicals, heat, etc., the cells retain their orig- 
inal size and shape to a much greater extent than is the case in paraffin or 
celloidin embedding. For the same reason also, sections prepared by the 
frozen technic are much more permanent than those prepared by any other 
method. Sections in our files for more than twenty years are today as well 
stained and as satisfactory for diagnosis as when first prepared. In fact to 
seme extent aging seems to improre these sections. During the past few years 
many photomicrographs have been made for the illustration of scientific a rti 
clcs from sections made routinely in the laboratory bv frozen section technic* 
That this method is as satisfactory as any other for the purpose of nhoto' 
micrography is demonstrated by several photomicrographs recently made fro™ 
sections made during the usual laboratory routine We also submit 
micrograph of a acetic, of a pearl forming sqaamops ce „ carein " m " ^ 
has, been in our files for more than twenty years UU1 
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Chase, W. II. : Rapid Frozen Section Method for Fresh Tis C * 5 °* r" n-’ 193rt ’ 

. 1029. J rcsh TlPSUC - a . J. Teelm. Methods 12: ISO 
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KM '*’ TiK ' ir Va,w 
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A SIMPLE AUTOPSY STAND FOP MICE* 


(Miss) J. M. Hutcheson. Toronto, Canada 


U NDER the heading “Laboratory Aids” Dr. Raymond II. Goodale described 
in this Journal (18: 422, 1933) a mouse bolder made by nailing four 
spring-type clothespins to a piece of board. We find that such a bolder is 
admirably suited for guinea pigs but for mice prefer one which is made from 
the cover of a Petri dish and four “Regal” paper clips. Two of these clips are 



Fip. 1 


slipped onto the rim on opposite sides of the dish, and the mouse’s legs are 
drawn through the central slits of the clips. Fig. 1 shows the mouse in posi- 
tion and the type of paper clip which is used. 

advantages of this method are that the holder can be set up and dis- 
h J, i- a moment; that infective material, such as washings from the 
critoneal cavity, collect in the dish; and that after use the holder 
••use can be dropped into the ordinary basin of disinfecting fluid. 


the Department of Pathology and Bacteriology, St. Michael’s Hospital. 
• ved for publication, February 24, 1933. 
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PNEUMOCOCCUS, Specific Precipitation Test for Standardization of Type I Antipneu- 
mococcus Serum, Brown, R. .T. Immunol. 25: 119, 1033. 

Forty-six Type I antipneumococeus sera were tested for precipitative activity with a 
solution of the Type I cellular carbohydrate. The results obtained agreed in 91.3 per cent 
of the cases with the results obtained by mouse protection tests. Eight concentrated anti- 
pneumococcus sera were similarly tested and found to agree in seven instances. The results 
indicate that the precipitation test described provides a titration which appears to be a 
reliable index of the development of the protective activity in the course of immunization; 
in the preliminary evaluation of the serum it can thus replace the more complicated pro- 
tection test which, at present, however, should still be used in the final standardization. 

SALMONELLA SUIPESTIFER, Infections in Man. Kuttner. A. G„ and Zepp, H. D. J A. 

SI. A. 101: 269, 1933. 

Four more cases of Salmonella suipe.it if er infection in man are reported: One in an 
adult and three in children. The adult developed a suipestifer septicemia and cystitis, fol- 
lowing a radical antrum operation. Two of the children had arthritis and one of them 
showed osteomyelitis. The other child developed a suipestifer septicemia accompanied bv 
severe purpura, during the course of bronchopneumonia. No complications such as arthritis, 
osteomyelitis, cystitis and purpura were observed in the group of cases reported bv the 
authors in 1932. It is of interest that this organism, Salmonella suipestifer, Group II, can 
produce arthritis and osteomyelitis unaccompanied by fever. 

Purpura has been observed as a rare complication in paratyphoid B fever. In none 
of the eases of suipestifer infection in man described in the literature has severe purpura 
with complete disappearance of platelets been described such as occurred in Case 2. Since 
purpura is a common symptom of pigs infected with the hog cholera virus, it was thought 
possible, in view of the interstitial bronchopneumonia found at autopsy, that in this patient 
Salmonella suipestifer might have been associated with the virus of hog cholera. Unfor- 
tunately, no experiments to determine the presence of the virus were undertaken. On the 
other hand, it is entirely possible that the purpuric manifestations were merely the result 
of a severe infection in a debilitated child and that some virus other than that of h 
cholera was responsible for the pathologic picture in the lung. None of the other eases 
showed any evidence of purpura, and their platelet counts were entirely normal. 

Three of the patients live in Baltimore; one lives in the country. * In no instance was 
any association with infected pigs established, and none of the cases had any contact with 
each other. There was no history of a simihu illness in any other member of the famdv 
although the mother of one of the patients agglutinated the organism isolated from her 
daughter. 

The organisms isolated from these four cases ail belong to Group II Salmonella 
suipestifer, although Group I is generally considered the American type, most commonlv 
associated with hog cholera in this country. In recent years, however,' Group 11 has been 
associated with increasing frequency from infected pigs in the United States. 

URINE: Bractical Method for Simultaneous Demonstration of Lactose and Glucose in 

Kletner, I. S., and Tauber, H. .1. Biol. Chem. 100 : 749, 1933. 

To 1 o.c. of urine in a graduated 20 c.c. cylinder, 1 e.e. of a 4 per cent solution of 
copper sulphate is added, and then enough barium hydroxide solution to make the fluid 
family alkaline to litmus (approximately P It 7.5 to S,; 5 c.c. is usually sufficient. Enough 
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water is added to make a total volume of -0 c.c. and the solution is mixed and filtered. If 
a faint opalescence persists, the results will not lie affected and the trace of barium pres- 
ent need not be removed for either of the two determinations to follow. Two cubic centi- 
meters of this filtrate is pipetted into a I-’olin-Wu sugar tube. Two similar tubes are pre- 
pared for standards, one of which contains 0.2 nip. of dextrose in 2 e.e. and the other 0.4 
mg', of dextrose in 2 e.e. To each of the tliiee tubes 2 e.e. of inouose reagent is added 
and the tubes are heated in boiling water for eight minutes and cooled for two minutes. 
This reagent consists of a 1 per cent solution of barium hydroxide, to which is added 5 
drops of a 4 per cent solution of sodium bisulphite for each 2d e.e. of reagent just before 
it is used. Another set is run with the Benedict alkaline copper reagent simultaneously, 
with the same amounts of filtrate, standards and leagent, boiling for six minutes and 
cooling for two minutes. To each of the tubes in both sets 2 e.e. of Benedict's color 
reagent is added and mixed with the contents. The tubes are allowed to stand for two 
minutes, water is added to the 2o c.c. mark, the contents are mixed thoroughly and col- 
orimetric comparisons aie made. If the color is too dark', the determination must lie 
repeated with diluted urine for the copper-barium precipitation. With this procedure the 
monose method yields dextrose values that correspond closely with values obtained by the 
Benedict method. 

BLOOD, Iron in Human. Sachs, A., Levine, V. E„ and Apelsis, A. Arch. Tut. Med. 52: 

,1(1(1, um. 

The average iron content of whole blood, based on analyses of samples from 100 
normal men, is 50.01+ 2.50 mg. per hundred cubic centimeters. The average for 50 normal 
women is 42.07+ 2. K! mg. per hundred cubic centimetcis. The blood of women lias a 
definitely lower iron content than that of men. 

Iron in whole blood is almost entirely linked with the hemoglobin molecule. Since 
the quantity of nonhcmoglohittous iron present in the serum and the cellular elements is 
very small, the error in calculating hemoglobin from whole blood iron is negligible. 

On the basis that hemoglobin contains 0. ■!:!■! per cent of iron we conclude that the 
average normal blood of men contains 14.1K4+ 0.7C> gm. of hemoglobin per hundred cubic 
centimeters, while the average normal blood of women contains 12.74± 0.<>(> gm. per hun- 
dred cubic centimeters. 

By dividing the number of milligrams of iron per hundred cubic centimeters' of 
blood by the first three figures of the red blond cell count, a quotient, which Murphy, Lynch 
and Howard designated as the iron index, is obtained. We have found tlie iron index for 
normal men to be 10.01± 0.(13 gm., and for normal women, <>.(>+ 0.50 gm. of hemoglobin per 
hundred cubic centimeters. 

The iron index is prefeiable to the color index because of the greater accuracy with 
which the former niav be determined. 

The iron color index, based on the ratio of the pel rentage of iron to the percentage 
of red blood cells, is also prefeiable to the older hemoglobin color index. The advantages 
to be derived from the clinical use of this index lie in its accuracy and in the retention of 
the convenient +1 or -1 designation of the older hemoglobin color index. 

The red and white cell counts, iron, hemoglobin, iron index and iron color index in 63 
clinical cases are also included in this report. 

TUBERCULOSIS, Comparison of Blood Sedimentation Rate and Vernes Flocculation Test 

in Pulmonary, James, H. M. Med. ,T. Australia 11: 205, 1033. 

The work of previous writeis was confirmed in that both the blood sedimentation rate 
determination and the Yeines flocculation test are of considerable value in the control of 
treatment and prognosis in cases of pulmonary tuberculosis. 

Providing all . precautions are taken, and with certain recognized exceptions, the fig- 
ures for both tests were computable, panicularly in those infections which were compara- 
tivelv early or moderately advanced only. In the veiv advanced cases it was felt that the 
Vernes test represented the clinical condition less accurately than the blood sedimentation 
rate. 
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Of the two methods of investigation, it must be considered that the 'blond sedimenta- 
tion rate estimation is more applicable to everyday clinical work and that there is no 
information given by the Verne? test which cannot equally be supplied by the blood sedi- 
mentation rate. 

The advantages of the blood sedimentation rate method may be summarized as follows: 

1. Expense: The Vernes test, because of elaborate laboratory methods and material, 
is a much more expensive test than the sedimentation test. 

2. Simplicity: Any medical practitioner can do a blood sedimentation test at the 
bedside if necessary. Results are immediate and no calculations are necessary. With the 
Vernes test a certain amount of calculation is necessary, the human element becoming a 
factor to be considered. 

3. Information: The blood sedimentation rate actually gives considerably more in- 
formation than the Vernes test. In the Vernes test we have an end figure onlv. With 
blood sedimentation the rate of fall of the erythrocytes is plotted every five minutes and 
there is nothing in the Verne? test to correspond to the information received from a studv 
of the curve. The difference between a diagonal and a vertical curve in the sedimentation 
test is often of paramount importance. 

4. Comfort: The one cubic centimeter technic for the blood sedimentation is a very 
simple matter for the patient and occasions practically no discomfort. For the Verne" test 
it is necessary to withdraw at least ten cubic centimeters of blood. For the Vernes te?t 
also a fast of about fifteen hours is necessary before the test is made. 

5. Transport: Blood for the Vernes test must be sent to a center where there are the 
requisite facilities. The blood sedimentation test may be performed anywhere. 

In all the author feels that the blood sedimentation test is of equal value to the 
Vernes test and is not subject to the same number of fallacies. 

Because of its ease of application and greater information supplied, it must be pre- 
ferred to the more complicated Vernes test. 


AGRANULOCYTOSIS, In Childhood, Givan, T. B., and Shapiro, B. Am J Dis Child 

46 : 550 , 1033 . *’ 

Twenty-nine cases of agianulorytosis in childhood are reviewed, and an additional 
case is added. 

The instances of agranulocytosis in children with severe antecedent infection must be 
regarded as a unit. 

Finally, a case is presented in detail in which antecedent infection was marked and 
agranulocytosis was superimposed. Adenine sulphate was used to stimulate the marrow 
centers, with good results, for with the reappearance of the granular elements, the nerinheral 
blood stream, from which Staphylococcus aureus hemohjticus had previously been recovered 
became sterile. Of note is the fact that when transfusions were started there w ■ .’ 

.lent drop in the total number of white cells and in the percentage of -ranulaT^elk ^ n"’ 
injection of adenine sulphate however, was sufficient to cause a return of the Cellular 
elements to their previously attained level. The patient was then able to wttw , “ 
radical operations on the jaw, and recovery was uneventful. h. t.ind two 

TRICHOPHYTIN TEST, Report of 350 Cases, Muskatblit, E„ and Director W t 

Dermal. & Svph. 27: 730. 10.::!. -director, W. Arch. 

Three hundred and fifty patients were tested intmdemnlH- or ...i 
ically mycotic and 50 were not mycotic. ' ' ’ lom were clin- 

Xonspeeific reactions were observed in 4 per cent of nonmvcotic ca?e? 

The tnchophytin test gave a positive reaction in 72.3 per cent nr “ " 
by the laboratory. P 1 of casep proved mycotic 

Clinical diagnosis was mole frequently corroborated bv the lo t « , , 

examination; for example, in clinically mycotic case* the t' , ,“ n b - v the laboratorv 

whilc laboratory examination was positive in only 30 7 per'cent" P ° 5ltlVe ,n GG ""’ P er cent. 
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Patients with highly inflammatory lesions gave a higher percentage of positive tests; 
however a positive reaction was found in many eases with limited and slightly inflammatory 
lesions. 

The test was positive in cases in which the infection was due to various fungi of 
human and animal types, particularly in those caused by Epidrrmophyton intcrdiffitale. 

Monilia infections of the skin also gave a positive reaction hut less frequently than 
cases due to filamentous fungi (Trichophyton, Kpidormophvton, and Mierosporon). 

The intradermal test with fungous extracts, while not absolutely specific, is of con- 
siderable value in the diagnosis of fungous infections of the skin due to filamentous as 
well as to yeastlike fungi. 

Common fungi such as Trichophyton violaccum, .1 [icroxporon aiidouini nnd Epidcr- 
mophijton intcrdiffitale yield an efficacious preparation when a mixed polyvalent extract is 
made of freshly isolated strains. 

General allergic hypersensitiveness of the skin develops not only in deep inflammatory 
mycoses but also in many cases of superficial type. 

Epidermophyton intcrdiffitale, the most common causative agent of demiatophytosis 
in the country, is apt to cause a considerable degree of cutaneous allergy. 

TULAREMIA: Culture Medium for Rapid Growth of P. Titlarensis, Foshay, L. Am. .T. 

Clin. Path. 3: 370, 1033. 

Twenty-four grams of “Difco” dehydrated brain-veal agar and 2 gm. of nutrosc are 
dissolved with gentle beat in one liter of distilled water containing 5 gm. XnCl, 0.3 gm. 
Xa-HPO„ 0.2 gm. KC1 nnd 0.1 gm. CaCL The mixture is divided equally among four 
500 c.e. flasks and set in the refrigerator to solidify. After solidification 0.1 gm. of cystine 
is placed in a small pile on the center of each surface. If care is taken not to stir the 
cystine around, the medium may be autoclaved safely at fifteen pounds for fifteen minutes 
without impairing the growth-promoting property of the cystine. Upon removal from the 
autoclave the flasks are set in a row and each is rotated vigorously in turn until the sedi- 
mented cystine is dissolved. This usually requires about ten minutes. 

If only 250 c.c. of enriched medium is desired, three flasks are capped and put in 
cold storage and one is cooled to about 50° C. To this flask is added 10 c.c. of 25 per 
cent dextrose and 30 c.c. of either ascitic fluid or any sterile serum diluted 1 :5. Other 
flasks are melted and enriched similarly as needed. Slanted tubes are capped as soon as 
set to prevent water loss. If a liter of finished medium is wanted the base medium may be 
solidified in one large flask, 0.35 gm. of cystine added, autoclaved, cooled and enriched 
with 40 c.c. of 25 per cent dextrose and 120 c.c. of ascitic fluid or diluted serum. 

P. titlarensis will grow rapidly and luxuriantly on the surface but not in the water of 
svneresis. Growth on slants is best at partial oxygen tension and, because of the tendency 
of the slants to slump when warmed, they are incubated in a slanting position. Partial 
oxygen tension is obtained by the tandem arrangement devised by Wherry and Oliver. 

The medium is not good for preservation. Cultures will usually not remain viable, as 
judged by snbculturing, for more than eight days. Strains that are being carried along on 
it are best transferred twice a week. For isolation of P. tidarensis from infected rodent 
tissues it is only fairly good, inferior to blood-cystine-dextrose agar and to coagulated egg 
yolk. Its chief virtues are its capacity to promote rapid and abundant growth, and the 
short time and case of making. The base medium can be stored indefinitely at low tem- 
perature, and tubes of the enriched medium arc good for at least three months if water 
loss is prevented. 

PENTOSURIA, Studies In, Enklewitz, M., and Lasker. M. Am. J. II. Sc. 186: 539, 1933. 

Twelve cases of pentosuria are described, the sugar in all cases being 1 -xyloketose. 

All cases of “glycosuria” in which the concentration of reducing bodies in the urine 
remains unalterably below 1 per cent should be regarded ns possible peutosunns and should 
be further investigated. 
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By examining urinary specimens voided before and after the ingestion of a liberal 
carbohydrate meal, it is often possible to differentiate cases of mild diabetes mellitus, Tenal 
diabetes and pentosuria. Fermentation tests, and testing with Bial’s reagent will give addi- 
tional valuable information as to the nature of the urinary sugar. 

Xyloketose reduces alkaline copper solution in the cold. 

The crystalline structure of racemic xylosazone is described. 

The ingestion of amidopyrin markedly increases the output of urinary pentose. 

Pentose excretion is uninfluenced by modification of the carbohydrate or protein con- 
tent of the diet. It is also unchanged by rest, exercise or thyroid extract administered by 
mouth. 

When fed 5 gm. of xyloketose a pentosuric excreted but 0.5 gm. more than usual. 
The urine of a control taking a similar amount of xyloketose showed no reducing substance. 
It appears that both pentosurics and normals can utilize or destroy xyloketose when it is 
administered by mouth. 


SEDIMENTATION TEST, In Dermatology, Tulipan, L., and Director, W. Arch. Dermat. 

& Syph. 27: 759, 1933. 

The red cell sedimentation test was performed in one hundred and fifteen patients 
with conditions representing thirty-five diseases of the skin. The method of WestergTen 
was emp’oyed. 

The sedimentation rate was usually normal in lupus erythematosus and in ervthema 
multiforme, including the bullous variety. 

It was usually increased in tuberculosis of the skin. 

It was invariably increased in erythema nodosum and markedly so in the eruption due 
to phenolphthalein. 

It was increased in dermatitis herpetiformis, whereas in other generalized grouped 
vesicular dermatoses, including dermatopliytids, it was normal. ; 

The sedimentation rate in epithelioma varied from normal to a pathologic increase 
depending on the extent of the lesion. 

It was high in a case of Hodgkin’s disease in which there were cutaneous lesions. 

It gave borderline readings in mycosis fungoides and erythroderma. 

Normal readings were obtained in some of the more common dermatoses. 

On account of the increased rate in six cases of pemphigus reported bv Pessoa and 
Ribeira and in two eases reported here the sedimentation test is suggested as a possible aid 
in differentiating pemphigus from erythema multiforme bullosum. 3 


BILIARY TRACT: Diagnostic Methods and Metabolic Studies in Disease of Twis t -p 

and Killian, J. A. Am. .T. M. Sc. 186: 41S, 1933. ’ ’ ’ 

A routine of study for diseases of the biliary tract is presented with findings i„ 10 
control individuals and .,0 patients m whom a complete investigation showed no evidence 
of biliary tract disease. 

This investigation has included: History, physical examination, cholecvstogram duo 
dcnnl drainage, inspection of bile specimens, microscopic examinit;™ r .,1 g ’ 
chemical analyses of blood and bile, icterus index detelinaZ Z 1 

and the bacteriologic study of bile. ^mation, xan den Bergh reactions 

The findings in both scries of patients are presented as standards w „ 

findings in cases of suspected gallbladder or liver disease ' comparison with 

— - - - “ - - — Zvssssss _ 

c. The absence of pathologic elements on microscopic examination of vr 

mont in nil specimens. n °* bxlaarr sedi- 

d. Little or no cliolesteinl in the D, and D. bile 

e. Bile acids of the concentrated bile fraction 4- to - *- 

duodenal bile. 4 to ' Ume * ^afer than that of the 


216 


THE .70VUXAL OF LAltOUATOUY AND CLINICAL MEIMCIXE 


f. The absence ol' pathogenic organisms which occur repeatedly in bile obtained hy 
sterile duodenal drainages. 

g. A blood serum icterus index vending of t to S, a negative direct van den Bcrglt 
reaction, 

SCARLET FEVER, Heterologous, Trask, J. D., and Blake, F. G. ,T. A. M. A. 101: W. 

ms:!. 

The authors have demonstrated, as others before them have done or suggested, that 
hetevogenieity exists among tlie toxins derived from scarlatinal streptococci. However, the 
eliief interest of this communication lies in the demonstration and study of a new scarlatinal 
toxin from the blood and pleural exudate of eases of scarlet fever which failed to give a 
therapeutic response to potent scarlatinal antitoxin. 

They do not wish to imply that this is the usual cause of failure in the antitoxin 
treatment of the disease because they have insufficient data on the incidence of this variety 
of scarlet fever. However, it is significant that Dr. "Wadsworth has already prepared a 
polyvalent antitoxin which does neutralize the new toxin and tlie standard Hick toxin. 

As regal ds the clinical features of the disease in three eases, it should be noted that 
pneumonia developed within tlie first few days in each ease. It is of special interest and. 
perhaps, not without therapeutic significance, that a large amount of toxin was found in 
tlie pleural exudate in one case. The authors believe this to he the first demonstration of 
scarlatinal toxin in such material. They conclude that: 

1. Hetevogenieity exists among the toxins found in the blood in scarlet fever. 

-■ Heterogenicity exists among tlie scarlatinal antitoxins naturally found in man. 

3. Polyvalency is desirable in therapeutic scarlatinal antitoxin. 

SCARLET FEVER, Effect of Tonsillectomy on tlie Development of Immunity to. as Shown 

by tire Dick Test, Kereszturi, C., and Park. W. II. .T. A. 11. A. 101: 704, 1033. 

From a study of 34 tonsilleetomiz.ed children as compared to 31 controls it is con- 
cluded that from this limited number of cases, it might be said that tonsillectomy has 
certainly no marked effect on the susceptibility to scarlet fever within six months after it is 
done, as demonstrated by the changing of a positive Dick test into a negative one, 

HYDATIDIFORM MOLE, Differentiation of Pregnancy and, Dabney. M. V.. Flinn. G. G.. 

and Dabney, E. G. .T. A. M. A. 101: 771. 1033. 

In view of the emphasis recently lard uport the greatly increased concentration of 
anterior pituitary sex hormone in the urine in hydatidifortn rrtole and ehorionepitheliomn, 
the utilization of this fact as a means of differential diagnosis in the present case report is 
of definite interest. 

In a patierrt with clinical symptoms suggesting hydatidifortn mole, together with a 
strongly positive Friedman test after the injection of ns little as 0.4 e.c. of urine, a dead 
five and otic-half months’ fetus was finally expelled. 

The case is of further interest from a physiologic standpoint because of the unusually 
large quantity of anterior pituitary sex hormone demonstrated in the urine shortly before 
abortion of a nonviable fetus. Tt is possible that abnormal excretion of this hormone regu- 
larly accompanies fetal death without complete detachment of the placenta or that tlie 
increased quantity of hormone itself brings about defective fetal development and mis- 
carriage and should be an indication for emptying the uterus in pregnancy, when it is not 
a sign of hydatidiform mole or ehorionepitheliomn. If this laboratory finding had been 
taken as an indication for therapeutic abortion, tlie present patient, a very anemic woman, 
would have been spared over a week of bleeding. 

Further quantitative hormone studies in cases of threatened abortion and dead fetus 
are desirable, and the authors suggest revision of existing laboratory criteria for the. diag- 
nosis of hydatidiform mole and chorionepithelioma. 
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LIVER FUNCTION : Galactose Tolerance as a Measure of. Roe, J. H., and Schwartzman, 

A. S. Am. J. M. Sc. 186: 425, 1933. 

A study of the galactose tolerance of normal subjects and patients with Tcpiesenta- 
tive types of liver disease has been made by determining the blood and urinary galactose 
concentration following the ingestion of galactose by mouth. Data are presented showing 
that following galactose ingestion, the blood galactose concentration is a better indication of 
liver function than the urinary galactose excretion since it is not influenced to the same 
extent by a variable renal threshold. 

Blood galactose concentrations similar to those of normal subjects weie obtained in 
cases of cirrhosis, metastatic carcinoma, congestive heart failure, toxic and chronic degenera- 
tive hepatitis. The urinary galactose excretion in these cases was essentiallv the same as 
observed in normal subjects. These studies indicate that the galactose tolerance liver func- 
tion test may not be expected to give evidence of diagnostic value in chronic liver disease. 

Blood galactose values higher than normal were observed in cases of acute catarrhal 
jaundice. A normal response was obtained in a case of cholelithiasis with marked jaundice. 
These findings indicate that the galactose tolerance liver function test mav be of value in 
the differential diagnosis of jaundices of infectious and noninfectious origins. 

Based upon these studies a new technic for the galactose tolerance liver-function test 
is proposed. In this test 1 gm. of galactose per kilo of body weight is given by mouth 
under fasting conditions and the galactose content of samples of blood collected at hourlv 
intervals for three houis following ingestion is determined. Data are presented for the 
interpretation of findings obtained by this: technic- 


MONONUCLEOSIS, Infectious: A Diagnostic Test for, Bunnell, W. \v. Am. -T M Sc 
186: 346, 1933. 

The presence of a rather high concentration of heterophil antibodies, demonstrable in 
the form of sheep cell agglutinins, has been described in the active stages of 4 cases of 
infectious mononucleosis. Since then tests for heterophil antibodies have been made in 
over 2,000 cases representing various clinical entities, including additional cases of infec- 
tious mononucleosis. The diagnostic value of the test 1ms become increasingly evident. 

The serum, from a to S e.c. of human blood obtained as for a Wasse’rmann test is 
utilized for the procedure. For sake of conformity in results it is important to use a stand 
ard type of agglutination tube. The author has found a tube 100 mm. in length' and "lb 

mm. in diameter most satisfactory and has used it in all tests 1 

«i;> a sugnt effect upon the 

readmgs is noticed with varying sized tubes. Ti.c use of a 2 per cent suspension of sheen cells 
is likewise desirable, as a heavier suspension interferes with the agglutination phenomenon 
If the serum is inactivated properly and the procedure carried out as described there 
should be no hemolysis in the tubes to confuse the readings. (In serum which ' ■ 

bile the sheep cells are usually hemolyzed and the tests unsatisfactory ) ” C ' COntalns 

The author has employed the sheep cell agglutinin test in over 2,000 cases renre 
seating 7G clinical conditions. With the exception previously noted, namely serum d'« * s 
he has been unable to demonstrate an appreciable increase „f heterophil' 
sheep cells in the sera above the normal dilution of 1 to S. In Tj^cate-^f ."" n “ .‘ f ° r 
mononucleosis lie 1ms found a consistent increase in all cases The ° ° * n ^ e cti°u* 

1 to 04 to 1 to 4,090, apparently depended to a considerable 'extent 
disease at which the serum was obtained and upon the severity of the nines- x " 
common conditions manifesting a similar clinical picture *,,,. 1 , V . * ° ne of t,ie 
or syphilitic adenitis, Hodgkin’s disease, acute or chronic lvmi.lntic ” ° " tu! *rculous 

aplastic anemia, purpura hemorrhagica, agramdocyt" f 

shown an increase in hcteiophil agglutinin titer. cent s an K>*ia, lias 

In view of these findings it seems justifiable to accept the tesi . 

t mins for sheep cells ns u valuable diagnostic pioeeduro in .How heterophil agglu- 

intclcosis from a number of clinical condition* of n. f-.r Ter <'ntiatmg infectious mono- 

Cascs picscntiug a suggestive HUnJ • „ , f ^ SOnoUF 
agglutination for sheep cells i„ a .lilntinn of nt "Zn‘lT rl " W °° a K ‘™ m f ‘ ,10Ws an 

ilinpnoMM n? Infection? mononucleosis, and •* ° - Cnn a PP arcn tfy safely be 

j “uu .t ia\oruble prognosis driven. * 
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PELLAGRA: Review of Cases With Special Reference to Gastric Secretions, Mulholland, 

H. B., and King, R. L. J. A. M. A. 101: .170, 1933. 

The results of gastric analyses in 107 typical endemic cases of pellagra admitted to 
the University of Virginia Hospital during the past eighteen years confirm the. results found 
by previous observers in regard to the common occurrence of achlorhydria in this disease, 
even after due allowance has been made for the presence of this condition in normal persons 
of different ages. The examination of some patients indicated that this condition might 
be more or less permanent (true anaeiditv), but in a few instances some degree of normal 
function returned. The assumption, however, that the presence of achlorhydria was neces- 
sarily correlated with such other manifestations as stomatitis, diarrhea, involvement of the 
central nervous system and anemia was not borne out by this study. There is no implica- 
tion that achlorhydria is a primary or uniformly antecedent manifestation of this deficiency 
disease syndrome. 

TUMORS, Carcinoid of the Gastrointestinal Tract, Kaiford, T. S. Am. .T. Cancer 18: SOS, 

1933. 

Twenty-nine cases of carcinoid tumors in the gastrointestinal tract have been studied 
with regard to their clinical and pathological significance. Six of these were malignant and 
had metastasized to the regional nodes of the liver. 

The origin of carcinoids has been a subject of much controversy. Tt is now generally 
conceded that they arise from the cells of Ivultschitzky or the argentnfline cells occurring in 
the normal intestinal mucosa. The origin and function of these cells remain a matter of 
speculation, but they are thought to he related in some way to the chromaffin system. 

The pathology of the group is characteristic. Occurring most commonly in the ap- 
pendix, the carcinoids are yellow, submucous tumors which encroach upon the lumen. Next 
in frequency in the small intestine, they form small submucous or pedunculated nodules 
which are usually asymptomatic and are not recognized clinically. Rarely found in the 
stomach and large intestine, they are of more significance. They arc larger, and metastasis 
occurs in a gieater number of cases. They -arc clinically not unlike adenocarcinomas save 
for general symptoms of less severity. 

The histology of the carcinoids is typified by groups and columns of cells surrounded 
by a dense stroma of hypertrophied connective tissue and smooth muscle. The cells are 
small and regular in size, the granular cytoplasm having an affinity for silver. The nuclei 
are uniform and are heavily dotted with chromatin particles. 

The prognosis of the group as a whole is good. Only in the minority of cases which 
have metastasized is the outlook grave. Even in such an event, if the tumor is recognized 
clinically before metastasis has become widespread, a good result may be attained through 
surgical intervention. 

MENINGOCOCCI, Variation in Agglutination of Stock Cultures of, Maegratb, B. G. Brit. 

J. Exper. Med. 14: 219, 1933. 

Great variation in agglutination by “type” sera occurs among single colonies of stock 
meningococci. 

Littledale (Type I) strains show a tendency, to overlap into Type III to such an extent 
that these types appear to be approaching interchangeability. 

There is no evidence of a division of group and specific antigens among single colonies 
derived from stock type cultures. 

The so-called Types I and III of the meningococcus are in all probability not fixed 

types. 

MENINGOCOCCI, Rough and Smooth Variants in Stock Cultures of, Maegrath, B. G. Brit. 

J. Exper. Med. 14: 227, 1933. 

Certain variants of stock strains of meningococci can be detected by the characteristics 
of their growth on homologous immune-serum agar. 

One variant develops haloes in this medium and the other does not. 
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Investigation of the properties of these variants has indicated that they are of "smooth” 
and "rough” nature respectively. This is supported by differences in growth in various 
media, in their fermentation and precipitin reactions and in their effects on guinea pigs. 

Agglutination and absorption reactions with sera prepared from the variants do not 
agree with the results obtained by Enders with his "S” and "R” forms. 

These variants are being further investigated. 

MENINGITIS, Lactic Acid of Spinal fluid in, De Sanctis, A. G.,‘ Killian, J. A., and 
Garcia, T. Am. J. Dis. Child. 16: 239, 1933. 

Lactic acid is a product of the inflammatory process, and in meningitis the lactic acid 
of the spinal fluid exceeds that of the blood, and is independent of it. The authors believe 
that variations in lactic acid of spinal fluid offer more dependable information concerning 
the progress of a case of meningitis than any other laboratory procedure at our disposal. 
Its practical use is further enhanced by the fact that within the last few years the technic 
of its determination has been greatly simplified and its accuracy increased. 

SILICOSIS, Silicon Dioxide Content of Lungs in Health and Disease, Me Nally, W. D. 
J. A. M. A. 101: 584, 1933. 

Erom experimental observations it is concluded that the normal lung contains 1.13 mg. 
of silicon dioxide per gram of dried tissue. 

A chemical examination of the lungs should be made in every case coming to autopsy, 
in which there is a history of a dusty occupation. 

Any lung containing over 2 mg. of silicon dioxide per gram of dried tissue indicates 
undue exposure to a dusty atmosphere. 


LIVER FUNCTION: Urinary Test as Index of Absorption of Gall Bladder Dye When 
Given Orally, Rudisill, H., and Hemingway, W. W. J. A. At. A. 101: 593, 1933. 

The test, a modification of the Kendall test, has for its purpose the detection of gall- 
bladder dye in the urine after oral administration. 

To about 50 c.c. of urine from 1 to 2 gm. of stick sodium hydroxide is added. The 
mixture is heated moderately, to prevent spattering, in an evaporating dish. When evapo- 
ration is nearly complete, exactly 1 gm. of powdered potassium nitrate is sprinkled over 
the extract, and tliis mixture is fused at moderate heat until the carbon lias all disappeared 
and the "melt” appears white. When the "melt” has cooled, 20 c.c. of distilled water is 
added, in which the "melt” readily dissolves. The solution is then filtered and the filtrate 
is acidified with dilute sulphuric acid until blue litmus is turned red. About 0 5 0 f 
sodium nitrite is then added to the filtrate and the mixture is placed in a separator^flask 
Five cubic centimeters of chloroform is added and the mixture shaken vigorously A mnk 
color in the chloroform layer indicates the presence of iodine. P 

Three arbitrary standards of absorption are described: 


1. Good Absorption: This is indicated by a deep purplish pink and is the color ob 

tained as a routine in the normal gallbladder visualization. This color can be renrodnL’ 
by dissolving 5 mg. of resublimed iodine in 100 c.c. of chloroform 1 1 

2. Aloderate Absorption: This is indicated bv an ordinarv , 

by 2.5 mg. of resublimed iodine in 100 c.c. of chloroform tL ' CSn , JC ?lmidatetI 
even with excellent visualization of the gallbladder in patients with tT^ n ° btaineii 

3. Poor Absorption: This gives a very faint pink t w i' ii ^ flmCti °"-. 

background, and the standard is made bv dissolving 1 05 n , f j\. ■ scen against a white 
of chloroform. When the absorption is poor the c^nfioil 10din ° in 100 C ‘ C ‘ 

tli ere is normal visualization of the gallbladder. " 1011 d lje rc P ea ted unless 

So far the only source of error encountered i„ c . 
of absorption in patients with poor kidney function, as mcntioneT° US ^ ^ 

In ease of nonvisualization of tire aallbladder .,c, ,, ■, 

if the described test is positive there is no question of ° vi ° ^ bCCn given V mouth, 
gallbladder, liver, or duct system must be abnormal = ° rpt! ° U of the d - v< ‘> and the 
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Bookymd' Monographs for Review should he sent direct to the Editor, 
K " i>rren r - ^ anghnn, Professional Building, Richmond, Ya’ 


Discovering Ourselves— A View cf the Human Mind and How It Works* 

T °* um0 0,1 normal and ahnormnl psychology written for the patient. Many such 

infilrr- i .1 ‘' Jll r ,,rC<1 !" ,,IC " u,st "Inch have been in greater or Jess measure 

, ' 10 °‘ 0110 11,11 a Psychiatrist extremely well versed in Iinnian behavior 

, v >r\ 7 1 C teaC 1011S * SU ^ C ‘ S ^ 011 * K ‘ (Jellified to write a popular volume that could 

l T I10t (h> ai "' 0st as n " u ‘ 1 ' ll!l ™ ; >s Rood. The problem is still further com- 
rlnt , r ;n ') -Vie •, !" 1 " ri,tr " ,10 < ’ il ” 01,1 if scientific verbiage, and discourse in a manner 
layman ^ CU ' g,l,!e to !,tul "' Ui continue to ludd the interest of the average intelligent 

’ er ‘ ni1 ^ •^PP e * h*nc succeeded admirably in fulfilling these requisites. If von Jmvc 
;een caUed an introvert and you want to know what it is you can find a straightforward ex- 

* , , . ” 118 '° U,ni ’ 01,0 t * l!l * " 1KI * increase your tendency to introversion hut it will 

Ti n nvf ° U , *! COn ! ' lf all . v morbid exaggerations that you might have in this direction. 

oier an ot icu s I'itli borderline psychiatric states can. indeed, understand themselves 
after a perusal of this volume. 

It is one that can safely he recommended to the intelligent layman. 


Histcpathology of the Peripheral and Central Nervous Systems? 

Jt tA.VNOT be disputed that, while netiiopsyehiatry is truly a specialtv, and an exacting 
one, neuropsyc uatiic piohlems me very often first encountered, although not always recog- 
izer as sue i in genual medical practice. Xor can it he easily gainsaid that for ail un- 
<tn, jng- o (he clinhal phonomona in this field some "ra.sp of neuropatholo^v is essential. 
Tor these reasons, and because, further, adequate discussions of 
the viewpoint of the physician at large have not he 
sented. 


neuropathology from 
‘on numerous, the present volume is pre- 


It is dhided into Bait I (four chapters, oti pages), covering diseases of the peripheral 
nerves; [’art II (seven chapters, 131 pages), in which diseases of the spinal cord are dis- 
missed, I ait III (nine chapters, 2o3 pages), covering diseases of the brain; and Part IT 

(seven chapters, 30 pages), devoted to staining methods used by the author. 

It is apparent ftom these data that the volume is not encyclopedic, nor was it intended 

to he. Oil the contrary, tlieie is presented a clear, well-written succinct and yet satisfac- 

tory comprehensive survey of neuropathology which while of interest to workers in this 
field, should he gratefully received not only by the physician at large but also by the gen- 
eial pathologist. To these it should be very welcome and from them it will doubtless he 
accorded a hearty reception. 

The illustrations, with hut few exceptions, are well chosen, excellently reproduced, and 
informative. The format is acceptable. 

This hook is well fitted for a place on the doctor's shelf of leference texts. 


•DlKcoverins Ourselves. A View of the Human Mind and How It Works. By Edward A. 
Strecker. A.M.. M.D.. and Kenneth E. Appel. Ph.D., M.D. Cloth, pages 300. The Mac- 
millan Company, Xew York. 1931. 

fHistoPatholosry of the Peripheral anil Central Nervous Systems By Ocorere B. Hassin. 
Professor of Neurology, University of Illinois. Cloth, pp. 491 009 flames. William Wood & 

Co., Baltimore. 
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Modem Aspects of Gastroenterology* 

r T 1 1IE purpose of this hook is to present in an orderly and systematic manner the most 
valuable of the newer methods of investigation, diagnosis, and treatment in the field of 
gastroenterology. 

While the viewpoint of the author naturally reflects European studies, American lit- 
erature has not been neglected. 

Gastrointestinal, hepatic, and pancreatic diseases are all considered in a satisfactory 
manner. The price of the volume seems a little high but is probably accounted for in part 
by the number of illustrations. 


Filterable Virus Diseases in Many 

\Y/ HILE small, this volume presents a very comprehensive yet succinct survey of the 
** present state of knowledge concerning those diseases at present regarded as caused bv 
filterable viruses. 

For those desiring a bird 's-eye view of a subject still under investigation and in a 
state of flux, the book may be accepted as an excellent summary of the investigations in 
this field to date. 


Manual of Veterinary Bacteriology! 

r 'T HOSE already familiar with this excellent book will not be surprised to find that it has 
reached a second edition. To those to whom it comes as a new book, it will be found 
an authoritative and comprehensive reference work of value, not only to the veterinarv but 
to the laboratory worker at large. Indeed, considering the number and importance of the 
diseases which may be transferred from animals to man, this volume mav well be read bv 
the physician with profit. 

It can be highly recommended as an excellent and standard reference text 


'Stoilcm Aspects of GnstrocnteroIoRy. R v M \ ,„ r ., .. , . , 

ml. IxmOon. Cloth, pp. 371, 32 plates, William 1 VVood * Cn 1 Ass,Ftant to Guv', Hospi- 

tEIlt, cable Virus Diseases In Man Rv tJ' , * f f BriIt,mor e. 
of Publlci Health. Edinburgh. Pnlverslty. Clo'tli J pp P i' j / vr'lln I ‘ D ",,= Vspi ' t:ir ' t to ‘hr- Professor 
tManua, of Veterinary Bacterlolmrv. Bv £eUerV "°° d & Co " Baltimore 

" 5 • n " lh ' ^ S3S - 93 ' Tiu-^un^.^'^i^^o^^^rlnary Ccr ps. p. s . 


Army. 


The Journal of 
Laboratory and Clinical 
Medicine 

Vol. XIX St. Louis, Mo.. November, 3933 No. 2 


Editor: WARREN T. VAUGHAN, M.D. 

Richmond, Va. 

ASSOCIATE EDITORS 

Dennis E. Jackson, M.D. _______ Cincinnati 

J. J. R. Macleod, M.B. _ _ _ _ Aberdeen, Scotland 

W. C. MacCartv, M.D. _____ Rochester, Minn. 

Gerald B. Webb, M.D. _____ Colorado Springs 

Victor C. At verb, Ph.D. _______ Cleveland 

Russell L. Haden, M.D. _ _ _ _ _ _ _ Cleveland 

John A. Kolmer, M.D. ______ Philadelphia 

Robert A. Kildoffe, M.D. _ _ Atlantic Citt, N. J. 

George Herrmann, M.D. _______ Galveston 

T. B. Magath, M.D. ______ Rochester, Minn. 

Dean Lewis, M.D. _________ Baltimore 

M. H. Soule, Sc.D. ______ Ann Arbor, Mich. 


Contents of this Journal Copyright, 1933, by The C. V. Mosby Company — All Bights Reserved 
Entered at the Post Office at St. Louis, Mo., as Second Class Matter. 


EDITORIAL 


Hyperinsulinism 

A LTHOUGH it has been about twenty years since the development of reli- 
>■ able clinical methods for blood sugar determination, the recognition of 
the etiology of occasional abnormally low blood sugars has been a develop- 
ment of the postinsnlin era. Hypoglycemia due to hyperinsulinism is often but 
not invariably a constant laboratory finding in the individual ease. It is ac- 
companied by certain symptoms which we are accustomed to consider as rather 
neurotic; nervousness, periods of weakness, abnormal sweating, tachycardia, 
sinking spells, and occasionally even unconsciousness. One lias the feeling that 
if blood sugar determinations were made more frequently and more carefully 
on the hyposthenic nervous individual with symptoms such as these, grades of 
hyperinsulinism would be recognized more frequently. Such a discovery would 
be a great boon to this large group of sufferers. Unfortunately, however, this 
has not so far been a very common finding even in the type of individual men- 
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tioned. John 1 remarks on the apparent relative rareness so far of true hypei- 
insiilinism stating that no one physician sees a score of such patients a year. 
At the same time it is highly desirable to recognize those cases which one 

docs sec. 

The logical procedure in the treatment of individuals with symptoms asso- 
ciated with abnormally low blood sugar would appear to be the administra- 
tion of sugar. This is the procedure which is usually followed, although fail- 
ures have been reported by this method, probably due to the fact that the feed- 
in- of lar-e quantities of carbohydrates stimulates the insulogenie function, 
thereby creating a vicious circle. The next therapeutic development appears to 
have been rather more successful and consists in the restriction of carbohy- 
drates to a comfortable minimum with the addition of a reasonable abundance 
of fats, designed to delay the entrance of carbohydrate into the circulation, 

thereby avoiding overstimulation of the islets. 

Partial resection of the pancreas for hyperinsulinism is a possibility and 
might appear as logical as subtotal thyroidectomy were it not for the tre- 
mendous operative risk and the probability that the remaining tissue would 
undergo rapid hyperplasia, reproducing the original state. Such operations 
have been done but the end-results have not yet been observed. 

Henry J. John reports an entirely new therapeutic procedure, one which 
at first glance probably appears quite illogical but which on more detailed study 
gives promise of being the most logical procedure recommended so far. This 
briefly is the administration of insulin in hyperinsulinism. He reports its use 
in only one case but in this case the results were almost spectacular. 1 The 
sin -le case is reported, with the idea in mind that not many cases of hyper- 
insulinism are seen, and that it is well therefore to report the results so that 
others may try the procedure in their occasional cases. 

In the particular case reported John places the threshold at which insulin 
output is stimulated, as 200 mg. per 100 c.c., blood sugar. If the patient’s 
di-estive glycemia exceeds 200 the pancreas is stimulated to pour out insulin. 
If the glycemic level can be kept below 200 the pancreas will not be stimulated. 
The procedure therefore consists in giving insulin (ten units in this case) 
after meals, and before the peak of the blood sugar curve has been reached. 
This exogenous insulin starts the curve on its downward trend before it has 
reached 200. In this way the pancreas is kept at rest. In spite of the fact that 
the patient already had a hyperinsulinism, the only single time at which she 
expei’icnced hypoglycemic symptoms during the period of treatment was on one 
occasion when by mistake she took her insulin before her meal instead of 
after her meal. 

The blood sugar level or threshold below which hypoglycemic symptoms 
appeared was 70. The administration of a standard meal containing 100 
grams of carbohydrates, and without the use of exogenous insulin was followed 
by a digestion glycemia exceeding 200. This was followed by a fall to 40 m-. 
per 100 c.c.. well below the threshold for hypoglycemic symptoms. The inter- 
pretation was that the digestion glycemia of 230 stimulated the pancreas which 
put out a superabundance of insulin with a resulting hypoglycemia, sufficient 
to produce symptoms. 
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On the same diet, with insulin administered after the meal, the peak of 
the curve was reached at about 1(10, not high enough to stimulate the pancreatic 
tissues, and there was no subsequent hypoglycemic trough and no reaction. 

During the two months in which the patient was receiving insulin, ten 
units after meals, she remained entirely symptom-tree and gained 17 pounds. 
The dosage was then gradually reduced and later discontinued. One month 
later, at the time of the report, clinical improvement had continued without 
interruption. 

Functional hyperinsuiinism may result either from overaction of the 
islands of Langerhans or from some defect in the nerve control mechanism. 
Organic hyperinsuiinism may accompany carcinoma or adenoma of the islands. 
Neither carbohydrate ieeding nor the feeding of fat and carbohydrate has been 
of benefit in hypoglycemia clue to hyperinsuiinism from adenoma of the island. 
John points out that in individuals with hyperinsuiinism it is important to 
differentiate functional disease from neoplasm of the pancreas. Often this can 
only be finally done following laparotomy. lie suggests that on theoretical con- 
siderations the response described in his ease report would not occur in in- 
dividuals with organic pathology in the pancreas. In such case, the thera- 
peutic procedure described might be developed into a therapeutic test for dif- 
ferentiation between functional and organic hyperinsuiinism. 
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To Stimulate Original Research Work on Goiter 

The American Association for the .Study of Goiter, for the fifth time, offers Throe 
Hundred Dollars ($300.00) as a first award, and two honorable mentions for the hest essays 
based upon original research work on any phase of goiter presented at their annual meeting in 
Cleveland, Ohio, June 7tli, 8th, and 9th, 1934. It is hoped this will stimulate valuable re- 
search work, especially in regard to the basic cause of goiter. 

Competing manuscripts must be in English, and submitted to the Corresponding .Secre- 
tary, J. R. Yung, M.D., 670 Cherry St., Terre Haute, Ind., IT, S. A., not later than April 1, 
1934. Manuscripts recoiled after this date will be held for the ne.vt year or returned at the 
author’s request. 

The First Award of the Memphis, Teiiu., 1933 meeting was given Anne 1 > . Hcyman, A.B., 
M.S., University of Michigan, Ann Arbor, Mich., “The Bacteriology of Goiter and the Produc- 
tion of Thyroid Hyperplasia in Rabbits on a Special Diet.” 

Honorable mentions were awarded J. Leman, M.I)., and W. T. Salter, M.l)., Huntington 
Memorial Hospital, Boston, Mass., “The Calorigenic Action of Thyroid and Some of Its 
Active Constituents,’’ Prof. Dr. Stefan Konsnioff, Sofia, Bulgaria. “Experimental Studies on 
Etiology of Goiter.” 
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CLINICAL AND EXPERIMENTAL 


A STUDY OF THE GRANULAR AND FLOCCULAR TYPES OF 
AGGLUTINATION WITH B. TYPIIOSUS 


Rutu Gilbert, M.D., Marion* 13. Coleman, B.S., and Alice 13. Laviano. M.S, 

Alb.vny, N. Y. 


ALTHOUGH the agglutination test with B. typhosus is among the oldest and 
most universal of laboratory procedures for demonstrating evidence of in- 
fectious disease, a standardized technic which meets all needs has still to be 
devised. The inadequacies of the classical microscopic test are obvious The use 
of living culture introduces a variable which can be controlled only within rela 
lively wide limits. Moreover, recent investigation indicates that an analysis 
of certain of the agglutinative properties demonstrable with killed suspensions 
may furnish information of greater diagnostic significance than can be secured 
from the results of a single test with a living culture. 

Two types of agglutinative properties in serum were demonstrated in 1903 
by Smith and Rcagh* while they were working with motile and nonmotile strains 
of the hog cholera bacillus. In performing agglutination tests with serum 
duccd with the motile form, they observed a “fluffy precipitate- of the 
homologous strain and a -granular precipitate’' of the nonmotile form which 
occurred only m relatively high concentrations of the serum while both J, 
were agglutinated m a granular manner and to practicnlU- ti .. tlal ” s 

serum produced with the nonmotile form. Hence tl* » - lc sa ™ e degree in 
flagella stimulated the production of one tvpe of •lo-n't' C ° 11C Uc * c ^ ^ le 

hodyof the microorganism stimulated the production "of mmlhTr' Wdl 
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and Felix, 2 in 1917, reported differences in the character of agglutination ob- 
tained with B. protcus X 19 in sera from animals artificially immunized with 
this microorganism and sera from patients having typhus fever. Similarly, they 
were able to distinguish two types of agglutination obtained with cultures from 
“Hauch” and “oline Bauch” colonies of B. proicus X 19; hence, they used the 
initials “H” and “O,” respectively, for designating these two types of colony. 
These letters were later applied to the character of the agglutination obtained 
with the respective cultures and to properties in sera giving rise to the two forms 
of reaction. These types of clumping have also been designated as coarse and 
fine, and as large and small. The terms “floecular” and “granular” describe so 
well the character of the clumping and correspond so closely to the original ter- 
minology employed by Smith and Reagh 1 that their exclusive use seems desirable, 
not only for purposes of clarity and uniformity, but also in recognition of the 
priority of these authors’ observations. The observations of Weil and Felix* 
and those of later investigator’s, notably Buchner and Zorn, 3 indicate that the 
properties in sera which give rise to the granular type of agglutination are heat- 
labile, while those inducing floecular agglutination are relatively heat-stabile. 
On the other hand, the corresponding properties in Ihe bacteria arc found to 
behave in an exactly opposite manner, the former being less sensitive to heat 
than the latter. Further studies, especially those of Weil and Felix'*’ 5 and of 
Weil, Felix and Mitzcnmaclicr,' 1 demonstrated similar properties in typhoid 
bacilli and other microorganisms of enteric disease. Certain species, particularly 
B. typhosus and B. cntcrilidis Gartner, were shown to have a common factoi 
demonstrated by a granular type of agglutination, while the floecular agglutina- 
tion was thought to indicate a species-specific reaction. Felix, 7 in 1924, reported 
that the granular or group-agglutinative property may appear in the sera of 
typhoid fever patients earlier in the disease than the floecular or specific property 
and indicates a favorable prognosis. In this investigation, Felix employed living 
cultures, i.e., one strain of B. typhosus particularly rich in the group factoi’, a 
second showing both factors in a normal manner, and a strain of B. cnicritiais 
Gartner as a control for the granular fype of agglutination. 


Felix and Olitzki, 5 in 1928, studied the characteristics of killed suspensions 
of B. typhosus and related microorganisms and reported that, low concentrations 
of phenol and formalin definitely inhibited the granular hut not the floecular 
fype of agglutination. On the other hand, they found suspensions treated with 
alcohol by the method of Bien and Sontag 9 satisfactory for demonstrating the 
former but not the latter type of agglutination. The observations of these 
workers indicate that a reaction with a formalin- or phenol-treated suspension 
of typhoid bacilli furnishes evidence that the patient lias typhoid fever, that he 
lias liad such an illness in the past, or that lie has been inoculated with typhoid 
vaccine, while a reaction with a suspension treated with alcohol indicates that 
the patient has an infection due either to the species of bacteria used in the test 
or to one which is allied to it. Burnet, 10 in 1924, studying a limited number of 
cases, confirmed tlie observations of Felix until respect to the sera of typhoi 
fever patients and of persons wlio bad received typhoid vaccine. Vei’zar, m 
1924, reported the alcohol-treated suspensions of B. typhosus and related inieio- 
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organisms to lie more sensitive in agglutination tests than those treated with 
phenol. Gardner 12 and Whitehead 13 agree in general with the findings of Felix 
and his coworkers, but believe that agglutination with the alcohol-treated antigen 
may often be demonstrated, in low dilutions at least, in the sera of persons who 
have received typhoid vaccine and in those of certain normal individuals as 
well. Felix 1 ' reports that floccular agglutination does not occur in normal serum, 
whereas the granular type of agglutinative property may be demonstrated in 
dilutions as high as 1 :100. G'raigic, 13 who made an exhaustive study of flagellar 
and somatic suspensions of the typhoid bacillus, confirms the conclusions of previ- 
ous investigators that two types of agglutinative property exist, one acting on 
the flagella and the other on the somata. He also demonstrated very clearly 
that differences in the macroscopic appearance of the granular and floccular 
types of agglutination are associated with morphologic properties. A recent 
report by Eldering and Larkum, 10 indicates that they have found the employ- 
ment of two antigens of practical value in the examination of sera for evidence 
of typhoid fever. 

For several years, we have hoped to be able to use killed microorganisms in 
the agglutination test for evidence of typhoid fever. In 1922, Gilbert and 
Moore 17 reported failure to obtain satisfactory results with formalinized cultures 
of B. typhosus in microscopic agglutination tests. Subsequently, an extensive 
study of formalin-treated suspensions in macroscopic tests demonstrated that 
occasionally the sera from patients with typhoid fever which react in the test 
with living culture do not agglutinate such antigens. Most encouraging results, 
however, have been obtained in a series of macroscopic tests in which, in addi- 
tion to a suspension of microorganisms killed with formalin, one treated with 
alcohol, as outlined by Bien, is has been employed. A strain (No. 305) of 
B. typhosus isolated in October, 1929, from a specimen of feces received from 
a typhoid earner was found to be suitable for the preparation of these antigens; 
a nonmotile variant has proved especially satisfactory for that treated with 
alcohol. Three other strains of B. typhosus which have been maintained for a 
number of years in the bacterial collection, No. 21 Bender, No. 62 Rawlins, and 
No. 176 Pfeiffer, were found unsuitable for the preparation of the alcohol- 
treated suspension. 

Our experience lias indicated that both types of antigen remain satisfactory 
for at least six months. 


TECHNIC USED IN THE MACROSCOPIC AGGLUTINATION TEST 


Before the antigens arc prepared, the cultures are plated to insure the use 
of strains which have little, if any, tendency to develop “roimlr’ colonies 
Should such colonies be found, “smooth" colonies are fished and replatcd a 
process which may need to be repeated several times. The culture for the 
formalm-trcated antigen should he actively motile. 


Forma, , .1 r,al ,1 'A .-The tuentv-fonr.honr f 

r , w „» asnr in a mat Blake ltottle ,s suspended in from 20 to 30 c c of 0 Rtn! 
,,.„t salt solution omit.nnins 0.2 per eent formalin. After seventy tun hf P 

— *» »— * *•*«. ™ tattle S 
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formalinized .salt solution is added. After the microorganisms have been killed, 
the turbidity is adjusted to correspond to barium sulphate standard No. 3 10 by 
the addition of salt solution containing 0.2 per cent formalin, and the agglutiu- 
ability of the suspension is tested. 

Alcohol-Traded Antigen ." — The twenty-four-hour growth from beef-in- 
fusion agar in a pint Blake bottle is suspended in 10 c.c. of 0.85 per cent salt 
solution containing 0.5 per cent phenol. The growth from several bottles is 
combined and one-half the volume of absolute alcohol or a proportional amount 
of 95 per cent alcohol is added slowly, while the suspension is constantly stirred. 
It is then allowed to remain at a temperature of from 35 to 37° C. for about 
eighteen hours after which the supernatant fluid is decanted' and tested for bac- 
terial growth and agglutinability. After determination of the dilution neces- 
sary to secure a density equivalent to that of barium sulphate standard No. 3, 
sufficient alcohol is added to the concentrated suspension to give 2.5 per cent in 
the diluted antigen, which should contain not more than 0.04 per cent phenol. 

Equal amounts (0.3 e.e. ) of the suspensions, diluted to correspond in density 
with barium sulphate standard No. 3, and serum dilutions of I to 30, 20, 40, 80, 
and 160 arc combined and incubated at from 50 to 55° C. for from eighteen 
to twenty hours. Clear supernatant fluid and, after gentle shaking, clumps 
which are definitely discernible to the unaided eye constitute a characteristic 
reaction. \ igorous shaking should he avoided since clumps of the floceulnr type 
are easily dispersed. 

TECHNIC USED IN THE MICROSCOPIC AliOHiTIXATIOX TEST 

A two- to four-hour culture in bile peptone solution'-" is employed, the 
density of which is approximately one-half that of barium sulphate standard 
No. I. 10 One loopful of each of the serum dilutions used in the macroscopic test is 
combined with one loopful of culture on cover slips, which are inverted over 
vaseline-ringed hollow-ground slides. The tests are incubated for one hour at 
from 35 to 37° C. and the reactions read with a microscope, either a No. 0 or a 
No. 7 objective being used. Almost complete loss of motility and clumping of 
the majority of the microorganisms is regarded as characteristic agglutination. 

It has been customary to consider of diagnostic significance definite agglu- 
tination reactions in the 1 :40 dilution in the microscopic test and only those in 
the 1 :S0 or higher dilution in the macroscopic test. 

Since this study was undertaken, approximately 4,000 sera have been 
examined. As the use of the various antigens was not begun simultaneously, the 
number of sera tested with each differs. The specimens have been divided into 
six groups, according to the clinical data which accompanied them. In the 
determination of the average agglutination titers, reactions in dilutions higher 
than 1 -.320 have not been considered. Only the granular type of agglutination 
has been observed with the alcohol-treated suspension. Usually the suspension 
treated with formalin has reacted in a fioccular manner, but occasionally, espe- 
cially in sera from patients having infectious witli organisms of the paratyphoid- 
enteritidis group, granular clumping lias also been noted. 

In the first series, in Chart 1, which represents either clinical or bactcrio- 
logicallv proved cases of typhoid fever, the average titer with the alcohol-treated 
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antigen is appreciably higher than that with the other two. Of 287 sera tested 
with all three antigens, 259, or 90 per cent, gave reactions considered of diagnostic 
significance with the alcohol-treated suspension, and 252, or 87 per cent, with 
the living culture, while only 220, or 76 per cent, definitely agglutinated the 
formalin-treated antigen. Twenty-one gave no more than a partial reaction with 
any of the antigens, hut of these, 9 were collected within the first week of illness, 
while in one instance the duration of illness could not he determined. Two of 
those giving little or no agglutination, which were collected during relapses 
from two to two and one-half months after the onset of illness, seem worthy of 
note. B. typhosus was isolated from the clot of one and in both instances blood 
specimens submitted within the first three weeks after onset gave definite 
agglutination. One of these eases proved fatal. 


CHART I. AVERAGE AGGLUTINATION TITERS WITH 8. TYPHOSUS. 



ALCOHOL-TREATED SUSPENSION 
FORMAL IN-TREATED SUSPENSION 
t=» LIVING CULTURE 


The reactions obtained in infections with microorganisms of the paratyphoid 
enteritidis group, although only sixteen cases were studied, correspond to the 
findings reported. The average titer with the alcohol-treated suspension is more 
than three times that with the formalin-treated antigen Five sera from t 

ot p.Mjphoul fcwr « not included in this group taa „ s( , thc J,” 
had had typhoid vaccine. The average titer of these sera with ti,„ * V 

pou’il 0,,ly Sl, ' jh " y w ' H,a " " ,at " ill > *1*0 aleohol-treatcd^sus- 

1 ""r rc - ^ 

only linHinl n-,,, lions tvorr •„ T1 '« *«<=' H-l 
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does not always give the characteristic agglutination reaction with typhoid 
bacilli. The floccular agglutinative properties were stronger with the specimens 
in tills group, whereas in Group 4, which includes sera from 78 individuals who 
had previously had enteric disease but had not become camera, the . average 
agglutination titer was low and approximately the same with the three antigens 
tested. Eighty -five sera from 68 individuals who had had vaccine were tested 
with both antigens, and 24, or 2S per cent, gave reactions in higher dilutions 
with that treated with formalin. On the other hand, 16, or IS per cent, agglu- 
tinated the alcohol-treated suspension in higher dilutions. In the remaining 
45 sera, agglutination either failed to occur or was obtained in the same dilution 
with both antigens. Very interesting results were obtained with the serum 
from a woman who stated that she had not had enteric disease, but had received 
typhoid vaccine one month previously. The formalin-treated antigen was agglu- 
tinated in a 1:1,280 dilution, while a partial reaction with the antigen treated 
with alcohol occurred in a 1 :20 dilution only. 

The sixth group represents specimens from persons having infections other 
than enteric diseases, mostly undulant fever, and only those are included which 
have given some degree of agglutination with one or more of the antigens. Only 
seven of 197 sera tested with the alcohol-treated suspension and three of 146 
tested with the formalin-treated suspension gave definite agglutination, while 
in the microscopic test, significant reactions were obtained in 42 of 173 sera 
tested by this method. Over 500 sera from cases diagnosed as undulant fever, 
which were examined during this period, failed to agglutinate B. typhosus. In 
a previous study, 2 " specimens from a considerable number of patients with a 
febrile disease other than typhoid fever were found to agglutinate the living 
culture of B. typhosus in the microscopic test. 

Of the 4,000 sera examined, 106, with which reactions of diagnostic signif- 
icance were obtained with one or more of the antigens, could not be included in 
any of the groups, or were accompanied by insufficient information to permit 
classification. Only 15 of these 106 specimens, however, agglutinated the 
formalin-treated suspension and only 24 the alcohol-treated suspension, whereas 
92 of them reacted with the living culture. 

SUMMARY AND CONCLUSIONS 

Our study of a series of 4,000 sera has shown that the employment of macro- 
scopic tests ndth two killed suspensions of typhoid bacilli, one to demonstrate the 
floccular or species-specific, and the other, the granular or group-agglutinative 
properties, usually furnishes information of greater diagnostic significance than 
does the microscopic test with living culture. These findings are in general 
accord with the results reported by other workers. Apparently, agglutination 
in a 1 :80 or higher dilution with an alcohol-treated suspension usually indicates 
that the patient has typhoid fever or an infection incited by a species allied to 
B. typhosus, while a similar reaction with a formalin-treated suspension sug- 
gests one of three alternatives, that the patient has typhoid fever, has had the 
disease in the past, or has received typhoid vaceine. Both the granular and 
floccular types of agglutination have seldom been observed in high dilutions of 
sera other than those from typhoid fever patients. 
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A STUDY OP QUINIDIN EFFECTS ON AMBULATORY PATIENTS 
WITH AURICULAR FIBRILLATION* 


Laurence E. IIines, B.S., 31. D., and Chauncev C. 31a her, B.S.. M.D., 

CmcAGO. I i.E. 


T HE value of (juinidin therapy for ambulatory patients who have auricular 
fibrillation deserves wider recognition. Statistical surveys on the value 
of quinidin are devoted almost exclusively to usage of large doses on hospital- 
ized patients. Weisinan.t however, has pointed out recently the safety and 
effectiveness of the drug for the ambulatory patient. This study, completed 
befoi-e Weisman ? s work was published, was made to see if small doses had a 
substantial effect in converting auricular fibrillation to a sinus mechanism. 
Twenty-eight ambulatory patients who attended the cardiac out-patient dime 
of Northwestern University were the subjects. They received quinidin sul- 
phate in divided doses which totaled no more than 12 gr. (0.8 gm.) daily 
Digitalis was also used in most cases simultaneously. Twelve or 44 per cent 
were restored to sinus mechanism. This result compares favorably with th e 
reports of others who have employed large doses. To our knowledge no 
patient was harmed by the drug. 

Tabu: I 


Cases Restored to Sinus Rhythm 


NAME 

AGE 

ETIOLOGIC 

DIAGNOSIS 

PROBABLE DURATION 
OF FIBRILLATION 

PERIOD OP QUINIDIX 
THERAPY HE FORE 
RIXUfe RIIYTII.M 

remarks 

H. A. 

29 

Rheumatic 

12 mo. 

1 lUO. 


C. V. 

GO 

Arteriosclerosis 

36 mo. 

4 mo. 


T. C. 

61 

Arteriosclerosis 

24 mo. 

7 days 


S.B. 

37 

Syphilis 

4S mo. 

14 days 


J.E. 

39 

Rheumatic 

1 mo. 

7 davs 


M. M. 

57 

Arteriosclerosis 

30 mo. 

7 DIO. 


C.M. 

47 

Rheumatic? 

Arteriosclerosis 

12 mo. 

3 mo. 


Ct. 6. 

63 

Arteriosclerosis 

24 mo. 

3 mo. i 


L. V. 

61 

Arteriosclerosis 

12 mo. 

14 davs 


C. T. 

52 

Arteriosclerosis? 

Thyroid? 

S mo. 

2 mo. 


C.L. 

29 

Rheumatic 

4S mo. 

1 day 

Died later of con- 
gestive failure 

N. R. 

GO 

Arteriosclerosis 

36 mo. 

2 mo. j 

1 

Average 

50 

Rheumatic 25 % 

Arterio. 50% 

Syphilis 8% 

Doubtful 17% 

24 mo. 

2 mo. 



*Frc-m Cardiac Clinic of Northwestern University. 

Received for publication, January 30. 1933. . 

tWeisman, S. A. : Auricular Fibrillation (Ambulatory Treatment with Quinidin). Arc 1 
Int. .Med. 40: 728, 1932. 
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2:12. 

An analysis of Tables I and II reveals similar ape and similar duration of 
fibrillation in the restored and nonrest ored groups. A larger proportion of 
restorations occurred in patients with arteriosclerosis as the etiolngic factor. 
Table I shows that. 7 of the 12 restored cases had taken quinidin for two 
months or longer before restoration was effected. From the well-known fact 
that quinidin is quickly and totally excreted, it is difficult to explain this 
apparent cumulative effect. Xor can the short period of the slowing of the 
auricular oscillation rateA which occurred in this series, throw any light on 

Tahi.k 11 

Casks Not Restored to Sixes Rhythm 


NAME 

AGE 

OTOLOGIC 

DIAGNOSIS 



KEMAMv.S 

R. A. 

4S 

Rheumatic 

53 mo. 

14 mo. 


F.G. 

44 

Rheumatic 

13 mo. 

1 mo. 


H.B. 

51 

Arteriosclerosis 


14 mo. 


F.S. 

02 

Rheumatic and 






syphilis 

10 mo. 

34 mo. 


S.K. 

42 

Rheumatic 

4S mo. 

3 mo. 


M. B, 

06 

Arteriosclerosis 

3 mo. 

1 wk. 


R.P. 

55 

Arteriosclerosis 

9 mo. 

5 mo. 


J. M. 

53 

Rheumatic 

47 mo. 

11 mo. 


G. W. 

.33 

Rheumatic 

IS mo. 

9 

Poor cooperation 

A. W. 

00 

Arteriosclerosis 

24 mo. 

2 mo. 

Refused to eon- 






tinue 

I. Iv. 

72 

Arteriosclerosis 

8 mo. 

2 wk. 

Refused to con- 






tinue 

.1. ir. 

20 

Rheumatic 

15 mo. 

12 mo. 

Death 

N.R. 

64 

Arteriosclerosis 

? 

2 mo. 

Failed to return 

M. B. 

49 

Rheumatic 

24 mo. 

6 mo. 


F.B. 

43 

Unknown 






rheumatic? 

9 

5 mo. 

Failed to return 

H. S. 

28 

Rheumatic 

S mo. 

? 

Failed to return 

Average 

49 


22 mo. 

7 mo. 




Arterio. 37% 






Doubtful 13% 





the mechanism. It therefore seems important to emphasize the value of con- 
tinuing the administration of small nontoxic closes of quinidin for long peri- 
ods of time. 

SUMMARY 

Small doses of quinidin sulphate are capable of establishing a sinus mech- 
anism in a substantial percentage of patients with auricular fibrillation 
There is relatively little danger in employing small doses for ambulatory pa- 
tients. In some patients the drug ivas not effective until it had been taken 
for many weeks. Digitalis was used simultaneously and apparently did not 
interfere with the quinidin action. Small doses of quinidin were capable of 
slowing the auricular oscillation rate. 


•The oscillation rate of auricle rvas obtained from nee.Ho i 

wall on 10 patients before ar.d at 13-minute intervals after tak f n A » Af.?; A" 5 Pi? anterior chest 

showed definite slowing of auricular rate. Sing ■> grains quinidin. Seven of 10 









THE TREATMENT OF IRRITABLE COLON WITH SODIUM 

R1CIN OLEATE • j 

Gkorge N. Burger, M.D., Cincinnati, Ohio 


TARSON 1 showed that bacterial toxins could be neutralized by sodium ricino- 

leate in ytio. Later Dorst demonstrated that certain of the intestinal 
flora to which patients were highly sensitized could be detoxified in vitro 
and Morris and Dorst"- a - 4 conceived the idea that these toxins might also be 
neutra lzed in ai\o. I he} treated cases of irritable colon (mucous colitis) 
with daily doses of castor oil and later with sodium rieinofeate in gelatin 
capsules (soricm), obtaining very encouraging results. 

They found that their patients were nearly all sensitive to autogenous 
racemes made from the so-called “normal flora” of the intestinal tract, ac- 
cording to the method of Wherry.* They also found that these vaccines could 
ie te.oxi ec mth sodium ricinoleate, so that at least three times as much 
could be given without undue reaction. Detoxification did not weaken the 
antigenic powers. They demonstrated that, by giving these patients sodium 
ricinoleate orally, the skin sensitivity to beat-killed bacterial vaccines was 
diminished. 


The purpose of this paper is to determine the effects of soricm on the 
symptoms and skm sensitivity to autogenous stool vaccines in eases of irri- 
table colon. The patients were selected in the Out-Patient Dispensary and all 
attempts made to rule out coexisting disease, particularly intraabdominal. A 
diagnosis of irritable colon (or mucous colitis) was based on the accepted 
cn eria o a histoij of abdominal pain, distention, constipation, a passage of 
excess flatus, boiboijgmus, nervousness, often the presence of mucus in the 

stoo s, tie piesence of a palpable and tender colon, and x-rav evidence of 
spasm. 


Cultures of the stools of each patient were made. The individual strains 
of organisms were isolated and suspended in salt solution. They were then 
killed by heating to 56 for one hour. One minim of each suspension was 
injected intradermally and the local reaction observed twenty-four hours 
later. Treatment with soricin was then instituted for various periods of time. 

The doses varied from 5 to 30 gr. 4 times daily. Soi-icin was well toler- 
ated by a great majority of the patients. The few complaints made dealt with 
the large size of the capsules, occasional “sour belching,” and a slight burn- 
ing sensation in the epigastrium. The capsules were administered before 
meals and at bedtime. 


♦From the Department of Internal Medicine, University of Cincinnati. 

Received for publication, December 26, 1932. 
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After a period of treatment, generally of two to three months’ duration, 
the skin tests were repeated with the original suspension of organisms. Age 
did not diminish the intensity of the reaction to the vaccine, as was deter- 
mined by comparing the effects of a newly made autogenous vaccine with a 
preparation a few months old, containing the same strains of organisms. 

Case 1. — A white man, aged twenty-seven, single. The patient was first seen on April 
4, 1932, complaining of gas on the stomach and pain in the abdomen. Dnring the four 
weeks before admission he had noticed a dull aching pain localized below the xiphoid process, 
coming on three or four hours after eating and lasting until he would take soda or food. 
Belching gave temporary relief. He had a similar attack one year previously, lasting four 
weeks. He was frequently constipated. 

There was localized tenderness in the epigastrium just below the xiphoid process. The 
abdominal findings were not otherwise remarkable. A gastric analysis following ingestion of 
an Ewald meal revealed free IIC1 77, total acids 102. The gallbladder visualized normallv. 
Gastrointestinal x-ray studies showed spasm of the transverse and descending colon with 
mucus present in the latter. He was given soricin, grains 10, four times a day. Three weeks 
later this was increased to 20 gr. and continued until June 9, 1932. 

The appetite increased, the amount of belching and flatus were definitely diminished. 
The pain was very much lessened and disappeared entirely in six weeks. The constipation 
was relieved by liquid petrolatum. He still complained of nervousness. There was no change 
in weight. 

The organisms recovered from the stools and results obtained were as follows: 


VACCINES 

HAY 23, 1932 

JUNE 2S, 1932 


1. Hemolytic bacillus coli 

2. Nonhemolytic bacillus coli 

3. Streptococcus viridans 

4. Streptococcus liemolyticus 

5. Staphylococcus dibits 

3.5 x 6 cm. 
negative 

1.5 x 2 cm. 
negative 
negative 

negative 

negative 

negative 

negative 

negative 



Case 2.— A white man, aged forty-four, single, vocation electrician. The patient was 
first seen in October, 1929, complaining of abdominal discomfort, fullness and belching about 
one to two hours after meals and constipation for a period of ten years He al«o °i • 
of nervousness. His appetite was fair. There was some palpitation of the heart oTcarionallv 
after meals. J 


Physical examination revealed tenderness on deep pressure to the right of the midline in 
the epigastrium and to the right of the umbilicus. The liver was felt 2 fumerbreadtlis 
below the right costal margin. Gastrointestinal x-ray series indicated the presence of mucus 
in the colon. Gastric analysis after ingestion of an Ewald meal revealed free HC1 ’5 tot 1 
59. The patient was placed on a smooth diet with bromide, belladonna, and casJlra ami 
obtained great relief from the above symptoms until Ariril 4 iqm tt , ‘ lu 

until Dec. 2, 1930. He felt well until two ^ 

s 3 mptoms returned and the presence of mucus was noticed in the stools Phvsical examW 
showed no changes except an occasional premature ventricular contraction.' The same 
ment was started again, but he failed to improve. On. Jan 8 1919 u at " 

5 gr. 4 times a day and bromides, belladonna, and soda after Izl T “ ^ 

until May IS, 1932, his medications were changed so that for *i ° m tlme 

receive only Soricin, 10 gr. 4 times a day, then 0 X £1*1 n T ^ he ™ uld 

similar period, then both together. He received almost complete relief’ TrTev'TT ** •“ 
and belching, and the amount of flatus was reduced while takimr • • epigastric pam 

was not relieved except when taking some laxative and m,, ^ g “ al ° ne ' Consti P^<® 
time to time. This patient had frequent TeaT colds ZZT TT “ ^ St °° ls *om 
symptoms aggravated each time. ° t le ' treat ment and found his 
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Organisms isolated from tlie stools were made into vaccines and the patient was skin- 
tested with each vaccine. The organisms recovered and the results obtained were as follows: 


VACCIXES 

Arum 17, 1932 

JUNE 27, 1932 


1. Bacillus coli 

2. Hemolytic streptococcus 

3. Streptococcus viridans 

3.5 x 5 cm. 

negative 

negative 

1.5 x 1.5 cm. 

negative 

negative 



Case 3. — A white man, aged forty, married, vocation, motorman. The patient was first 
seen on Dec. S, 1931, with the following complaints, which he said had been present for five 
years: Constipation, passage of much flatus, some bloating and belching. The stools were 
hard and lumpy, but contained no mucus. He complained of much nervousness and fre- 
quent headaches. He came to the clinic because he thought he had cancer. 

Physical examination revealed dental caries. There was slight thyroid enlargement with 
normal blood pressure and pulse rate. The abdomen was negative. Gastrointestinal series 
showed only spasticity of the descending colon with the presence of mucus. Gastric analysis 
after ingestion of an Ewald meal revealed free HC1 22, total 3S. The patient was placed on 
tincture of hyoscyamus and sodium bromide and tincture of belladonna, liquid petrolatum and 
a smooth diet. He felt quite well for two weeks on tlie above TCgimo. He was then given 
soriein, 5 gr. 4 times a day with no other medication. The dose of soricin was gradually 
increased to 10 gr. 15 gr., and 20 gr. 4 times a day. This treatment was continued until 
June 15, 1932. The effect of soricin upon his symptoms may be expressed as follows: There 
was no change in the amount of belching, he did not complain of pain at nny time, and 
there was no change in the amount of flatus. He still complained of constipation unless liquid 
petrolatum was taken regularly. No mucus was seen at any time. Nervousness was some- 
what lessened, and ho found that he could eat some foods without discomfort which pre- 
viously he could not tolerate. Organisms isolated from the stool were made into vaccines and 
the patient was skin tested with each vaccine. 


VACCINES MAI’.. IS, 1932 may 23, 1932 


1. Gram-negative bacillus 

11.5 x 17 cm. 

S x 11 cm. 

(not an acid producer) 



2. Colon bacillus 

11.5 x 17 cm. 

5.5 x 6.5 cm. 

3. Staphylococcus 

negative 

2.5 x 3.5 cm. 


Twenty-four hours after the injection of the vaccines on Mar. IS, 1932, the reacting 
areas in Nos. 1 and 2 were red, swollen, with increased local heat. There were 2 red streaks 
running up the inner aspect of the arm toward the axilla, and there was tenderness in the 
axilla. The patient had a temperature of 100.5° P. and complained of a headache and back- 
ache and general malaise. It was one week before the reactions disappeared from his arm. 
At the second test the areas of redness were very definite, but there was no generalized re- 
action. 

Case 4 . — A white man, aged thirty-five, vocation, policeman. The patient was admitted 
to the Cincinnati General Hospital on Jan. 5, 1932, complaining of pain and a heavy feeling 
in the lower abdomen. During the past four years he had noticed a dull aching pain just 
below the umbilicus, occasionally radiating to the back. It was not related to meals and was 
not relieved by eating or drinking. At times it would become severe but. never agonizing. 
His appetite was good, there was frequent belching, no nausea or vomiting. His bowels 
moved once a day, but in addition he complained of a desire to pass stools at other times 
without effect. He noticed mucus in his stools frequently. He complained of a tired aching 
feeling most of the time and of frequent “nervous spells.” Three years ago his appendix 
was removed but very little relief from the above symptoms was obtained. The history was 
otherwise negative. 

Physical examination: The patient was a well-developed but somewhat undernourished 
white man, appearing chronically ill. The abdominal examination revealed slight tenderness 
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just below the umbilicus. No musses or solid organs were felt. The colon was not palpable. 
The red blood count was .",100,000, hemoglobin 03 per cent (Sfllili). The urine \vn« essentially 
normal. The gastric analysis following the ingestion of an Kwald meal revealed free 3IC1 
G, total 21. An oatmeal gruel fractional test meal revealed normal acidity. Stool examination 
was essentially negative. Basal metabolic rate was -8 and-1 per cent. Gastrointestinal series 
showed areas of spasm in the transverse and descending colon. A barium enema showed 
spasticity of the terminal third of the colon and incompetence of the ileocecal valve. The 
patient was placed on soricin. 10 gr. -1 times a day, starting dan. 15, 1032. One week later 
this was increased to 20 gr. 4 times a day and two weeks later it was increased to 30 gr. 
4 times a day and that dosage continued, except ns will be described later, until June 15, 
1932. lie obtained very little relief from bis symptoms during the first three weeks, but be 
then was placed on tincture of hyoscynmus, sodium bromide and tincture of belladonna in 
addition to the soricin for a period of two months. Soricin was discontinued during the 
following three weeks but was started at the end of that time at the request of the patient 
and the two were used in combination until June 1, 1932. lie found that more relief was 
obtained with a combination of the two than with either one alone. The results attributable 
to soricin were as follows: His appetite improved. Nausea occurred on several occasions 
whereas very little bad been noticed before treatment was started. The pain was definitely 
lessened. His bowels moved more regularly while taking soricin. The stools were better 
formed but possessed a very offensive odor. There was no change in tlie amount of flatus. 
■Nervousness was definitely lessened, and be found that he could tolerate foods that previ- 
ously caused him discomfort. There was no change in the weight. Stool cultures were made 
at the beginning and the organisms recovered were made into vaccines for skin testing. The 
organisms recovered and the results obtained were as follows: 


YACCIXXS 

M.\r.. 18, 1932 

JUXE 6, 1932 

1. Colon bacillus 

7.5 x 10 cm. 

G.5 x 7.5 cm. 

2. Gram-negative bacillus 

7.5 x 16 cm. 

5. x 5.5 cm. 

(without formation of acids) 


3. Streptococcus 

negative 

negative 


Twenty-four hours after the injection of the vaccines on Mar. IS, 1932, the reacting 
areas of Nos. 1 and 2 were red and swollen with increased local heat. Bed streaks were 
seen running up the inner aspect of the arm toward the axilla. There was a small tender 
gland palpable in the axilla. He had a slight fever, complained of headache and general 
malaise. At the second test the areas of redness were very definite but there was no gen- 
eralized reaction. 


Case 5.— A white man, aged fifty-three, married, vocation, fireman. The patient was 
first seen on Jan. 3, 1930, complaining of abdominal pain and diarrhea. For two vears he 
had suffered from a gnawing and dragging type of pain over the abdomen. This was not 
localized and not related to meals. He often complained of headaches over the frontal 
region, of extreme nervousness and 2 or 3 loose stools a day. He had not noticed blood or 
mucus in the stools at any time. An appendectomy had been performed ten years before 
admission. There had been no weight loss. The examination of the abdomen revealed the 
colon to be palpable and acutely tender when pressure was applied over the lower third 
The cecum and ascending colon were palpable. He was not seen again until two months 
later, at which time he complained of the same symptoms, and in addition he had noticed 
mucus and blood in the stools on 2 occasions. He had lost 15 pounds in weight. Abdominal 
examination revealed tenderness in both lower quadrants and in the epigastrium Gastric 
analysis following the ingestion of an Ewald meal showed free HC1 38 total 5 11 G ari 

intestinal series was negative, as far as the upper gastroenteric tract ’wa= concerned T 
barium enema revealed spasticity of the descending colon. Proctoscopic examination showed 
only 1 small hemorrhoid. He was placed on a smooth (low reriduel diet win, 

and belladonna after meals. He continued on this rerime with -1 h br0mi(les 
„ , , regime with some variations until Rent 

1,, 19..1 Huang that time he showed very definite improvement f or a few week , 

exc’tement of a lug fire or a near accident would se t him back. On September 17,’ h e stated 
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that his appetite was fair, there was some belching and rumbling through the intestines, 
some flatus ami 3 or 4 loose bowel movements even' day. He was quite nervous and always 
tired. Soricin, 5 gr. 4 times a day was given and all other medication and diet discon- 
tinued. The soricin was increased to 10 gr. 4 times a day on Oct. 10, 1931, to 15 gr. on 
Jan. 0, 1932, and to 30 gr. on Jan. 20, 1932, and continued at the latter dosage until April 
27, 1932. The only other medication used during that time was occasionally a half grain of 
luminal at night. Throughout the course of soricin treatment lie experienced the same 
tendency to improve for a time and then a setback would follow some excessive excitement 
or acute upper respiratory infection. The amount of belching and flatus were increased 
until the larger dose of soricin was given and then there was a definite decrease. The 
amount of distention and bloating was somewhat lessened. The number of bowel move- 
ments and character of the stools were unchanged. The abdominal pains were slightly 
diminished at first and after instituting a larger dose they disappeared. Tliere was very 
little change in the degree of nervousness. Xo change in weight was found. Organisms 
isolated from the stools were made into vaccines and used to test the skin sensitivity. The 
organisms used and the results obtained were as follows: 


VACCINES 

SEPT. 17, 1931 

DEC. 23, 1931 

1. Colon bacillus 

4+ 

11 x 5 cm. 

2. Staphylococcus citreous 

3+ 

negative 

3. Staphylococcus aureus 

i+ 

negative 


The reacting area of the Xo. 1 on Sept. 17. 1931, was very marked, red, swollen and 

tender with red streaks up tiie inner aspect of the arm toward the axilla. Xo such reaction 

as this was obtained on Dec. 23, 1931. 

Case G. — A white man, aged twenty-four, married, vocation, draftsman. He was first 
seen on Feb. 17, 1931, complaining of “indigestion.” For the past three weeks he had 
noticed a sharp cutting or sticking pain in the left upper quadrant, radiating to the left 
flank. This would appear during his meals and would last from one-half to two honrs. 
Though his appetite was good there was fear of eating, much belching and flatus, some 
nausea but no vomiting. His bowels moved regularly; there was no mucus in the stools. 
Coffee, tea, tobacco, fried and fatty foods caused him discomfort. He had complained of a 
similar condition one year before. He stated that lie had been jaundiced eight years ago. 

On examination, the abdomen was found to be below the chest level. There was ten- 

derness in the left upper quadrant. Xo masses or solid organs were felt. Gastric analysis 
after ingestion of an Ewald meal revealed free HC1 33, total acids 50. The stomach, 
duodenum, and gallbladder were entirely negative. Barium enema showed a moderate 
amount of mucus in the upper part of the descending colon. He was placed on bromides, 
belladonna and hyoscyamus and a smooth diet with temporary improvement. 

He was next seen in the clinic on Jan. 25, 1932, with complaints similar to those on 
the previous admission. 

He was placed on the same regime as before for a period of two months with slight 
improvement. The treatment was then discontinued and the patient given soricin, 30 gr. 
4 times a day. At the end of one week the dosage was cut to 15 gr. 4 times a day and 
continued at that dose until May 25, 1932, when it was discontinued at the patient's request. 
He stated that soricin caused a burning sensation in the epigastrium soon after taking it 
and that the belching, rumbling sounds, and amount of flatus were all increased. He felt 
that it also caused him to be more constipated and said lie felt much better when not 
taking it. 

Organisms were isolated from the stool and made into vaccines. The organisms 
recovered and the reactions obtained from skin tests were as follows: 


V ACCINES APRIL 10, 1932 

1. Hemolytic colon bacillus 5 x 7 cm. 

2. Nonhemolytic colon bacillus 2.5 x 3 cm. 

3. Small gram-positive diplococcus 2.5 x 4 cm. 

4. Streptococcus 3 x 3.5 cm. 


JUNE 2S, 1932 

3 x 4 cm. 
0.S x 1.0 cm. 
1 x 1.5 cm. 
1 x 1.2 cm. 
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It is interesting to note that in spite of decrease in bacterial sensitivity, no improve- 
ment of symptoms occurred. Since that time wo have had other capsules prepared with a 
coating which does not dissolve in the stomach. Better results have been obtained in similar 
cases with the new capsules. 

Case 7. — A white woman, aged twenty-five, single. This patient was first seen on 
April 12, 10.11, complaining of pain and a feeling of tightness over the abdomen, and con- 
stipation. Her appetite was good. There was much belching, some nausea, distention of 
the abdomen, with rumbling sounds and much flatus. The stools were hard and in small 
lumps containing mucus. Occasionally she would complain of diarrhea. There were fre- 
quent headaches and backaches. She had the above symptoms for over three years before 
admission to the clinic. One year before the appendix, right ovary, and right tube were 
removed. 

Examination of the abdomen revealed a right rectus scar and tenderness in both lower 
quadrants. Pelvic examination was negative. Gastric analysis after the ingestion of an 
Ewald meal revealed no free 1IC1, total acids G. Free JIC1 was present after the injection 
of Vj mg. of histamine. Gastrointestinal series Tevealed spasticity of the colon with excess 
mucus in the sigmoid region. 

She was placed on antispasniodics, sedatives, mild laxatives, and a smooth diet. This 
regime was continued for four months without any noticeable impwement. Soricin, 5 gr. 
4 times daily, later increased to 10 gr. 4 times a day was given for two months without 
improvement. On Jan. 22, 19.32, she was placed on soricin, 20 gr. 4 times a day, with 
liquid petrolatum as a laxative. This was increased in two weeks to 30 gr. and continued 
until May 18, 1932, when she had an attack of acute catarrhal jaundice. Her appetite 
remained good throughout. There was no reduction in the amount of belching and flatus. 
She complained of much abdominal distention and bloating. The gas pains were not dimin- 
ished in frequency or severity. Soricin had no effect on the constipation. There appeared 
to be a definite lessening in the amount of mucus. There was no change in weight. 

A stool culture in August, 1931, revealed an overwhelming growth of colon bacillus. 
This was made into a vaccine. A marked reaction was obtained on intradermal injection. 
Unfortunately, the vaccine was lost so that no test was made after treatment with soricin. 


Case S. — A white male, aged thirty-two years, single. This patient was admitted to 
the hospital on Dec. 3, 1930, complaining of nervousness and bowel trouble. These symp- 
toms had been present for thirteen years and during that time the patient had frequently 
noticed “yellow mucus clots’’ in the stools. He took a cathartic or an enema almost dailv 
during that time. In 1924, a colostomy was performed and the colon irrigated because of 
a “mucous colitis.” This gave improvement of symptoms at that time but after closure of 
the wound the same symptoms returned. He was quite excitable and worried a great deal 
about his condition. 


On physical examination the abdomen was negative. Gastric analysis after the inges- 
tion of an Ewald meal gave free HC1 38, total acids 53. Stool examination was negative 
for mucus, blood, and parasites. The patient was not seen again for a year and returned 
complaining of the same symptoms. A gastrointestinal x-ray series showed’ some redundancy 
of the hepatic flexure and spasticity of the descending colon. Gastric analysis revealed free 
IIC1 48, total acids 70. He was placed on soricin, 5 gr, 4 times a day, until June 1 1932 
His appetite was good throughout. There was no belching, nausea, vomiting, or abdominal 
pain at any time. Constipation was relieved to some extent bv liquid petrolatum the 
soricin appearing to make him more constipated. The nervousness wa= somewhat leaned 
There was a loss of G pounds in weight. Organisms cultured from the stool were 'made 
into vaccines and used to determine the skin sensitivity. The organisms recovered and 
results obtained were as follows: 


1. Hemolytic colon bacillus 

2. Nonhemolytic colon bacillus 

3. Streptococcus 

4. Staphylococcus 


mar. 17, 193 2 
negative 
5.5 x 0.5 cm. 
negative 
negative 


JUNE 28, 1932 
negative 
3 x 4 cm. 
negative 
negative 


240 


THE JOFHNAI, OK LAHOHATOKY AND CLINICAL MEDICINE 


Case 0. — A white man, aged forty-one years, married. The patient was hist seen on 
Feb. 1, 1932, complaining of constipation. For the past nine years lie had been troubled 
with constipation, passage of mucus in the stools, nausea, belching, and a dull pain under 
the left costal margin. There was also considerable nervousness and sweating. During the 
last eight weeks before admission to the clinic all of his symptoms wore much intensified. 

On physical examination the abdomen was tender in both lower quadrants. The de- 
scending colon was palpable and tender. Gastric analysis following < lie ingestion of an 
Ewald meal revealed no free JIC1. Following an injection of % mg. of histamine the free 
HC1 was 02.0. Blood 'Wassermann was negative. A gastrointestinal x-ray series showed 
narrowing of the descending colon with absence of the lianstra. A barium enema re- 
vealed spasticity of the distal third of the colon. The gallbladder visualized normally. A 
proctoscopic examination revealed only external and internal hemorrhoids. On Feb. 12, 
1932, he was placed on bromides, hyoseynmus, belladonna, and soda with liquid petrolatum 
as a laxative. Tills regime was continued until April S. 1932, without noticeable improve- 
ment. Soricin, 10 gr. 4 times a day was then added to the above medication, and lie con- 
tinued with that regime until May 27. 1932. 

The appetite was unchanged. Belching was lessened but be complained of belching 
after taking the soricin, stating that the gas had a bad odor. There was definite reduction 
in the severity of the abdominal pain. There was some reduction in the amount of mucus. 
Constipation was relieved by liquid petrolatum. lie still complained of much nervousness. 
There was no change in weight. 

Organisms isolated from the stool were incorporated into vaccines and used to test the 
skin sensitivity. The organisms recovered and the results obtained were as follows: 


VACC1NFS 

JUNE 4, 1932 


1. Hemolytic colon bacillus 

2.5 x 3.5 cm. 

negative 

2. Nonhemolytic colon bacillus 

2.5 x 3.5 cm. 

1.5 x 2 cm. 

3. Streptococcus 

negative 

negative 


Case 10. — A white man, aged twenty-seven, single. This patient was first seen in 
March, 1929, complaining of pain in the abdomen. This was of a dull itching character 
located in the right upper and lower quadiants, appearing about uu hour and a half after 
each meal. It was relieved slightly by soda and completely by a bowel movement. The 
pain was first noticed two years before admission. He was habitually constipated and had 
noticed mucus in the stools for several years. He had lost 17 pounds .in weight. 

The physical examination was essentially negative throughout. A gastrointestinal x-ray 
series was negative. The gallbladder visualized faintly after the oral and intravenous 
administration of iodeikon. On May 31, 1929, a cholecystectomy and appendectomy were 
performed following an acute attack of pain in the right upper ' quadrant. A chronic 
cholecystitis without stones was found at operation; the appendix was normal. 

He was not seen again until Jan. 1(1, 1931, at which time he complained of the same 

symptoms as before operation. A gastric analysis after the ingestion of an Ewald meal 

revealed free HC1 4S, total acids 70. A gastrointestinal x-ray series showed only hyper- 
peristalsis. He complained of a dull pain in the right half of. the abdomen, much belching 
and flatus, constipation with the passage of mucus in the stools, and nervousness. ' Various 
types of treatment were tried without results. In December, 1931, a series of elimination 
diets was used to determine the presence of food allergy with negative results. On Jan. 
2S, 1932, he was placed ou soricin, 15 gr. 4 times a day and liquid petrolatum. In tuo 

weeks the soricin was increased to 30 gr. 4 times a day and maintained at that dosage 

until June 1, 1932, with the exeeptioii of ton days during May when he was -in the hospital 
for another condition. 

The appetite was poor throughout, there was slight lessening in the amount of belch- 
j no - an( j flatus. The abdominal pain was diminished. No mucus was seen in the stools 
after treatment with soricin was started. Constipation was controlled with liquid petro 
latum. The nervousness was definitely lessened. During the ten days he was in the liospita 
and not receiving soricin, he stated that his symptoms were much increased m severity. 
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Stood cultures were made ami used to test the skin sensitivity. The organisms used 
and results obtained were as follows: 


VACCINES 

MAR. 23, 1932 

jt;xi: «, 1932 

1. Bacillus mucostis 

4 x 5 cm. 

negative 

2. Bacillus coli 

5.5 x 11 cm. 

3.5 x 5.5 em. 

3. Staphylococcus 

negative 

negative 

4. Streptococcus 

2 x 2 cm. 

negative 


The reacting areas of Xos. 1 and 2 on Mar. -3, 3932, were Ted, hot. and swollen, nml 
there was pain in the corresponding axilla. Xo such reaction was noticed with the second test. 

Case 11. — A white man, aged forty-one, married, vocation, engineer. The patient was 
first seen on Xov. 24, 1931. For the past five years he had complained of a dull aching pain 
radiating across the lower abdomen, coming on about one-half hour after each meal and 
lasting a few minutes, followed by much belcbing. Tbe appetite was good, there was much 
rumbling of the intestines. Generalized abdominal soreness and constipation were present. 
Xo mucus or blood was seen in the stools. There was a history of syphilis eight years ago, 
for which he had received active treatment. 

Physical examination : On physical examination there was abdominal tenderness, and 
the descending colon and sigmoid were palpable and tender. X-rav examination revealed 
moderate spasm of the transverse and descending colon. Gastric analysis following ingestion 
of an Ewald meal gave free HC1 20, total acid 30. 

He was placed on a smooth diet of Alvarez, liquid petrolatum and tincture of bella- 
donna for one month without noticeable improvement. On Dec. 30, 1931, soricin, 5 gr. 4 
times a day, was started, all other medications being discontinued. The soricin was in- 
creased to 10 gr., then 20 gr., then 30 gr. 4 times a day, allowing two weeks to elapse 
between each increase, and the latter dosage continued until May 25, 1932. Liquid petro- 
latum was given as a laxative. Pain was much reduced after the first two weeks' treatment 
with soricin and was practically absent until May 5, 1932. Since then, it lias been present 
at intervals, though of little consequence. The amount of belching was definitely lessened 
for four months and then returned. There was some diminution in the amount* of flatus 
Soricin had no effect on the constipation. His appetite remained the same throughout, but 
there was a loss of 12 pounds in weight. 

Organisms isolated from the patient’s stool were made into vaccines and the patient 
was skin tested. The organisms recovered and results obtained were as follows- 


VACCINES 

APR. 20, 1932 

juke 8, 1932 

1. Bacillus coli 

2. Staphylococcus alhus 

3. Streptococcus 

3.5 x 4 cm. 

4.5 x 5 cm. 
negative 

4x4 cm. 

4 x 4.5 cm. 
negative 


There was no apparent change in the reactions to the 
soricin for a period of approximately five months. 


vaccines after treatment with 


Case 12. — A white man, aged twentv-eight, single Tho <. ^ . 

Mar. 14 1932 complaining of pains in the abdomen of two months' durltTon They we^e 
cramp-hke in character and at first confined to the epigastrium. Later thev brnmn J, , 
ize in the right upper quadrant For two days they were accompanied b^aut a Tad 
vomiting and aching over the entire bodv. At times tlm™ 1 . • JJ<lu - ca ana 

shoulder blade. His appetite was good. There was some fullness after eTf'^T -° ^ 
three or four months. Tarry foods and fried foods caused discomfort L h^l 
stipated since the onset of this illness. There has been a lo SS of 15 to ^ , been , e ° n ' 

On physical examination there was increased re^isf'tn^n / *1 ' 5 m wei ght. 

abdomen but no tenderness. Gastric analysis after the in^tio^ofan 'e ^ ° f ^ 

free HCl 47, total acid 02. Gastrointestinal x-rav =tndips , , meal revealed 

donum and slight downward displacement of the ‘hepatic flexure ofThTcolon.^ T^ gaff- 
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bladder visualized normally. The patient was placed on a bland diet and hyosevamus ant] 
bromides with liquid petrolatum for the constipation. Ite continued on this regime for five 
weeks without noticeable improvement. At this time the above medication was discon- 
tinued except for the petrolatum, and he was given soricin, 10 gr. 4 times a day. This 
was increased to 15 gr. and then to 20 gr. 4 times a day. The belching was definitely les- 
sened and he had relief from nausea. There was a marked diminution in the abdominal pain. 

The organisms cultured from the stools used and results obtained were as follows: 


VACCINES may 2S, 1052 

1. Hemolytic bacillus coli 3.5 x (>.5 cm. 

2. Nonhemolytic bacillus coli negative 

o. Staphylococcus g ibus negative 

The patient did not return to the clinic for a second determination of sensitivity. 

SUMMARY 

Twelve patients exhibiting the symptoms which are attributed usually to 
an irritable colon have been treated with sodium ricinoleate. Prior to initia- 
tion of this treatment, these patients had failed to respond to a bland diet and 
antispasmodies. It is to be noted that the cases reported by Dorst and Morris * 1 2 * 4 
bad all been under treatment for a period of six months or longer. Some of 
the inconclusive results obtained with certain of the eases included in this 
series are reported after only three months of treatment and would probably 
respond to persistent therapy. The general results may be outlined as follow: 

There was diminution of the pain and belching in the majority of the 
cases. The amount of flatus was diminished in five. As lias been previously 
shown, constipation was not affected. Mucus in the stools was appreciably 
lessened or disappeared in 50 per cent of those who showed this symptom. It 
is important to note that those patients who did not show clinical improve- 
ment in the treatment with soricin had, with one exception, definite gastric 
symptoms following the ingestion of the drug. This demonstrates the neces- 
sity fox* having more adequate enteric coating, since the sodium ricinoleate, if 
liberated in the stomach and acted upon by gastric secretions, gives rise to 
distressing symptoms. 

The skin sensitivity to organisms from the intestinal flora was reduced 
materially in 9 out of 10 cases. In two cases it was impossible to obtain sensi- 
tivity records at the end of treatment. 

CONCLUSIONS 

1. It is felt, that soricin is of definite benefit in the treatment of irritable 
colon. 

2. There is a decrease in the skin sensitivity to bnctei*ial vaccines follow- 
ing treatment with soricin. 

This tends to support the theory of Dorst and Morris, that soricin neu- 
tralizes bacterial toxins in vivo. 
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THE EFFECT OF SALYRGAN AND X-RAY ON THE RATE OF 
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0. i)E Takats, M.D., Ciiicaoo, III. 


I N A PREVIOUS publication, 1 we reported a method for producing edema 
in the hind legs of experimental animals comparable to that seen in man 
following deep thrombophlebitis. Chemical study of the edema fluid revealed 
a rather high total protein content, the values ranging from 1.25 to 2.34 per 
cent. It was indicated that this accumulation of protein-rich fluid in the tis- 
sue spaces might be a factor in the perpetuation of postpblebitic indurations. 

In possession of a method to produce such au edema, it was possible to 
evaluate the effect of measures which might hasten the disappearance of the 
acute edema in order to prevent clironicity. Consequently, the disappearance 
rate of experimentally produced edema in untreated animals was compared 
with that in dogs given a mercurial diuretic or x-ray exposure. In the first 
series of experiments, salyrgan -was injected to determine the possibilities of 
mobilizing the edema fluid by this method. 2 The effect of x-ray was studied 
because of the excellent results reported from more or less empirical clinical 
use of such treatment. 3 


METHODS OF EXPERIMENTATION AND RESULTS 

Edema was produced in the leg of the dog by the method previously de- 
scribed, namely, the injection of a concentrated tissue extract (Fibroin 
Merrell) peripherally into the femoral vein. This results in extensive periph- 
eral, intravascular thrombosis, and massive edema of the extremitv The dos 
age of fibrogen varied from % to 1 c.c. and the degree of edema was usually 
roughly parallel to the quantity of fibrogen injected. Careful measurements 
of the circumferences of the limbs were made before and at varying intervals 
after the injections. Readings were taken at four levels: through the middle 
of the thigh, the popliteal fossa, the middle of the le~ and the foot S 1 
tracting the dimensions before injection from those after it ~avc a measure 
of_the increase in circumference due to edema. Because the variations in 

"Prom the Peripheral Circulatory Clinic of 

of Surgical Research. Northwestern University Medial School" 1 ° f S ’ Jrp0ry * aml the laboratory 
Koceivc ‘1 for publication, January 23, 3 032. 
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diameter at the thigh and knee greatly exceeded those of the leg and foot, a 
sum of the four differences, rather than an average, mas taken as an index of 
the amount of edema. The measurements mere almost entirely made by the 
same person, mho often mas not informed which of the animals mere controls, 
and which experimental. Comparison of the circumferences of the two hind 
legs of the same animal revealed the margin of error in the measurements to 
be very small. 

CONTROLS 

In a series of twenty animals, edema was produced by the method de- 
scribed, and measurements taken at intervals over a period of two weeks. 
The results are shown in Chart 1. The heavy line represents the average 
curve in this series illustrating the rate of disappearance of edema in un- 
treated animals. In all other respects these dogs mere kept under the same 
conditions as mere the ones in the following groups. 



Chart 1. — The normal rate of disappearance of experimentally produced edema. The 
heavy line represents an average curve of increase and decrease of a hind limb in the untreated 
animal. 


SALYRGAN EXPERIMENTS 

In this series of twenty animals edema was produced in exactly the same 
may as above. At varying intervals after the edema reached its height, salyr- 
gan, in doses of 1 c.c., mas injected intravenously into the opposite extremity. 
In some experiments the injection of salyrgan mas repeated. Salyrgan mas 
used alone, without ammonium chloride or other acidifying agent. The results 
of these experiments are seen in Chart 2. The arrows indicate the time at 
which, the salyrgan mas given. The heavy black line represents the composite 
curve for this series of experiments. It mill be seen from these curves that a 
rapid diminution in the circumferences of the edematous limbs occurred im- 
mediately following the salyrgan injection. It is also seen that repetition of 
the injection usually failed to produce a second sharp reduction in the degree 
of edema. Tlie disappearance curve of the salyrgan treated animals is super- 
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imposed upon that of Ihe controls in Chart 4. hi this figure the average maxi- 
mum circumference increase of cacli series represents 100 per cent, and the 
curve shows the percentage daily decrease in the respective groups. From this 
it will be seen that the greatest acceleration of disappearance time following 
salyrgan administration occurred during the first few days, after which the two 
curves run an almost parallel course. 

It must he stated that no attempt was made to regulate the fluid intake 
of the experimental animals in this group, because no such restriction had been 
made in the control series. It is quite likely that, following the diuresis and 
consequent dehydration which resulted from the salyrgan injection, the animals 
consumed large quantities of water, and thus, in a measure, replaced the fluids 
lost. It seems reasonable to suppose that, had the fluid intake been restricted, 
as has been done in the case of human beings subjected to diuresis for the pur- 
pose of mobilizing excessive tissue fluid, 2 the rate of disappearance of the 



edema would have been more rapid. These experiments at least serve to indi 
cate that diuresis produced by the administration of mercurial diuretics is 
capable of mobilizing edema fluid from the extremities of animals in which ex- 
perimental postphlebitic edema had been produced. 






The therapeutic use of x-ray has recently been advocated for the tre 
ment of early edemas of postphlebitic origin, notably by Halban of V 
Excellent results ace claimed for this treatment. A series of expfriment',™ 

Edem" ° £ < “ S1PPe ‘ 

as in the other series, and at the height of tlje 
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to x-ray in doses varying from 100 to 400 r. Measurements were made of the 
circumferences before and after irradiation, and the results plotted on Chart 3. 
From these curves it may be seen that a definite diminution in the edema oc- 



' D*rs /jugging F’rcouc.'naN C* r : 


Chart 3. — The rate of disappearance of experimentally produced edema following ex- 
posure to roentgen ray. The heavy line represents the average curve. The exposure was nor 
always given at the height of edema. 



Chart 4. — Composite graph of the three series of experiments. The straight line irePW" 
sents the normal rate of disappearance of edema. The interrupted line shows the disappearance 
of edema in animals treated with salyrgan. The interrupted line with short and long dots 
illustrates the diminution of edema following exposure to roentgen ray. The dimmuuon or 
edema is calculated as a percentual decrease from the height of edema, the maximum incrcase 
of each series being 100 per cent. The curve for the x-rav animals coincides very closely nith 
the curie of the animals treated with salyrgan. Both of those curves dip more rapidlj than the 
control curve. 


curved immediately following the x-ray exposure. This was occasionally fol- 
lowed by a slight secondary increase. In these animals, as in the others men- 
tioned, no attempt was made to limit the fluid and salt intake. In Chart 4 are 
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seen the superimposed disappearance curves of all three groups, shown in per- 
ccntunl decrease, rather than in units of measure. The curve for the x-ray 
animals coincides very closely with that for the salvrgan treated ones. Both of 
these revealed more rapid disappearance than in the controls. 


DISCUSSION 

An early disappearance or diminution of the acute thrombophlebitic edema 
is obviously desirable, if permanent tissue changes are to be prevented or 
minimized. The response of such an edema to salvrgan, a mercurial diuretic, 
offers additional evidence of the extrarenal action of this drug. Its clinical 
use, combined with maximal elevation of the limb and restriction of fluid and 
salt intake, and followed by gradual exercise and massage, has given grati- 
fying results. 2 The attempt to diminish pain and edema of the limb with 
x-ray has a purely empirical basis, and our preliminary results would indicate 
that further work on optimal dosage, filtration and time interval between treat- 
ments, is justifiable. The mechanism of its action is obscure, and one can onlv 
speculate as to whether it exerts an influence upon the lymphatic flow, or 
causes a breaking down of lymphocytes and leucocytes with the liberation of 
proteolytic enzymes and digestion of the protein-rich exudate to a more absorb- 
able form, or results in an ionization of the tissue fluids, or systemically affects 
fluid mobilization. A more exact knowledge of the effects of roentgen radia- 
tion upon normal tissues must be available 4 before an analysis of effects in 
pathologic conditions can be undertaken. Possibly several of the above men- 
tioned factors are involved in the more rapid disappearance of an acute 
lymphangitis or periphlebitis such as we have been able to observe clinicallv. 3 
One of us has observed beneficial effects in the treatment of latent infections 
in varicose veins by means of x-ray. 6 Further clinical and experimental studies 
are under way to determine the value, limitations and possible dangers of 
x-ray treatment in acute thrombophlebitis. 


SUMMARY 


Acute thrombophlebitic edema has been produced in dogs by the injection 
of a concentrated tissue extract into the femoral vein, and the normal rate of 
disappearance of the fluid has been determined in a control series of twenty 
animals. In a second series of twenty dogs, edema was produced in the same 
manner. After the edema had reached its height, salyrgan, in doses of 1 c c 
was injected intravenously. A rapid diminution of the edema followed which 
definitely exceeded the normal rate of disappearance. In a third series of 
twelve dogs, the edematous limbs were treated with x-ray. The curve of dis 
appearance of the edema in this group was similar to that in the 1 

treated animals. A possible interpretation and the clinical applicatii^nf 
these findings has been briefly discussed. -PPiicanon ot 

We wish to express our sincere gratitude in Dr r p 

of Radiology, Northwestern University Medical School, who ^aveThe" ^ Department 
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A COMPARATIVE STUDY OF CERTAIN XANTHINE DIURETICS 0 


A. Richard Bliss, Jr., I Piim.D., M.D., LL.D., Memphis, Tenn., and 
R. W. Morrison, Ph.G., B.S., M.S., Columbia. S. C. 


INTRODUCTION 

C AFFEINE, theophylline, and theobromine have been made the subjects 
of extensive studies by many investigators, but no reliable quantitative 
clinical experiments concerning tlie comparative diuretic effects of the various 
xanthine derivatives in graduated doses have been reported. With the ex- 
ception of one quantitative report in German , 1 there are no published reports 
of experimental work on laboratory animals with the newer theobromine and 
theophylline derivatives administered in graduated doses. The conflicting 
statements in the literature, and numerous inquiries concerning the diuretic 
powers of the newer derivatives of the methylxanthines prompted these in- 
vestigations of theophylline calcium salicylate (phvllicin), theobromine cal- 
cium salicylate (theocalcin), theophylline sodium acetate (theocin soluble), 
theobromine sodium salicylate (diuretin), theophylline, and theobromine. 

When the studies were begun, the primary objects were to determine 
what influences these agents, in graduated doses, have on diuresis, and to 
establish relatively" safe maximum doses, so far as determinable effects on the 
gastrointestinal tract and on the kidneys are concerned. During the course 
of the work several additional factors presented themselves, the chief one 
being the influence exerted by r these agents on the excretion of uric acid. How- 
ever, during these studies no attempts were made to discover how these drugs 
actually increase the uric acid content of the urine, or by what mechanism 
they influence diuresis , 2 controversial points in the literature. 

The consensus of opinion appears to be that, although xanthine possesses 
little diuretic power, certain derivatives containing the xanthine nucleus are 
among the most powerful diuretic drugs. Underhill and Pack 3 state that caf- 
feine, theobromine, and theophylline are without doubt the peers of drug 
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diuretics for man, and that rabbits likewise are quite responsive to the diuretic 
influences of these compounds. These investigators found that intravenous 
injections of the foregoing xanthine derivatives do not increase the volume 
of urine output. Of the dimethylxanthines, theophylline and theobromine are 
the more active, while caffeine is the most effective of the trimcthylxanthincs. 
Some investigators consider theobromine to be more reliable and less prone 
to produce disagreeable nervous reactions, while others claim it is apt to prove 
irritating to the kidneys. Theophylline is credited by many with being a more 
prompt diuretic, and its diuretic action is supposedly of shorter duration. 
However, this drug is said to be more irritating to the kidneys and the gastro- 
intestinal tract. 


Caffeine, theophylline, and theobromine may fail to promote diuresis if 
there is not an excess of water in the tissues, as with rabbits which have been 
kept on a dry diet for a long period of time. These drugs, apparently, hasten 
the excretion of excess water. 4 On the other hand it has been found that caf- 
feine may fail to increase diuresis even when water is at the disposal of the 
animal. Schroeder, 5 in 18S6, demonstrated that caffeine invariably acts as a 
diuretic in rabbits if the nerves supplying the kidneys are first sectioned, or 
if paraldehyde or chloral hydrate are administered first to the animals, meas- 
ures thought to prevent an interfering vasomotor stimulation. In the dog, 
diuresis is always obtained if the kidneys are denervated first or the vaso- 
motors paralyzed, and section of the vagus nerves results in increased 
diuresis or induces it when absent. These observations have led to the con- 
clusion that the vagus nerves carry inhibitory fibers to the secretory cells of 
the dog’s kidney, and that caffeine stimulates these fibers. 5 

■Wallace and Pellini 7 showed that theophylline, theobromine, caffeine, and 
“diuretin” not only failed to produce a diuretic action on dogs which had 
been kept on a fixed food and water intake, but actually demonstrated a de- 
cided decrease in the daily output of urine which often amounted to 50 per 
cent of the normal volume. They found also that the sodium chloride con- 
tent was diminished. These workers suggested that there is a shift of water 
and sodium chloride from the circulating blood to the tissues, and that caf- 
feine and its allies bring this about through the production of a dilatation 
and an increased permeability of the capillaries in the splanchnic organs and 
muscles, these effects overshadowing the kidney action in animals which are 
in water balance. The diuretic effects, then, appear when there is an excess 
of water in the body, or when the tissues give off some of their stored water 
Widmeri claimed that the efficiency of caffeine as a diuretic is proportional to 
the amount of body fluid. 


Most writers state that the effects of theobromine on the kidneys are nrac 
tically identical with those of caffeine. Solis-Cohen and Githens" claim that 
theobromine differs from caffeine in not stimulating the vasomotor and the in- 
lnbitosecretory nerves of the kidneys, and that it consequently produces diuresis 
constantly m dogs and in rabbits. Sasaki- demonstrated 'that the continued 
administration of theobromine increased water excretion in rabbits only when 
these animals were kept on a wet diet; but that chloride excretion is incased 
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also on a dry diet, i.e., independently o£ a diuretic action. Hellin and Spiro 11 
found that caffeine is effective in pure tubular nephritis, but that it fails in 
glomerular and general nephritis. They reported that theophylline and theo- 
bromine are more effective. Pearce, Hill and Eisenbrey, 12 and Sehlayer and 
Iiedinger 13 confirmed these observations. Many consider these findings as im- 
portant evidence that the diuretic effect of caffeine is exerted on the glomeru- 
lar circulation and filtration, and not on the tubular epithelium. Solis-Cohen 
and Githens 14 state that when albumin is present, the total amount is generally 
not increased by the ingestion of caffeine, so that the percentage is diminished 
because of the increased output of water. These writers state further that 
occasionally the total amount of albumin may be increased. Sollmann 15 states 
that caffeine may increase the albumin in nephritis. According to Yiuci lC 
large doses of caffeine (40 mg. per kilo), long continued especially, produce 
definite nephritic changes; that dogs are more susceptible than rabbits; but 
that no lesions have been observed following doses of from 5 to 10 mg. per 
kilo in man. 

Sollmann and McComb 17 state that caffeine in ordinary doses does not ap- 
pear to produce any demonstrable injury even in nephritic subjects, but that 
in larger doses it may increase albuminuria. They condemn the continuous use 
of theophylline even in moderate doses. Emerson 18 reported no increase in 
albumin in acute or chronic nephritis following the administration of theo- 
bromine. Miller 111 is of the opinion that theophylline and theobromine may 
cause irritation of the stomach and kidneys. Pouchet. and Chevalier 20 claim 
that theophylline in large doses injures both the glomerular and the tubular 
epitlielia. Chevalier 21 reported the presence of toxic impurities in commercial 
samples of theobromine. Yietli and Leube 1 determined the most effective daily 
doses of theobromine, “dim-elm," “tlieocalcin," “phyllicin," etc., in rabbits. 
They concluded that of the acid groups introduced in position one of the theo- 
bromine molecule, only the acetyl group increased diuresis. Biirgi’s 22 assump- 
tion that the diuretic powers of the xanthine derivatives are enhanced by salts 
was confirmed by these investigators in their experimental work with certain 
salicylates. They demonstrated that the calcium salts of the xanthine derivatives 
may influence diuresis in rabbits if this metal is combined with salicylic acid. 

Stewart 23 observed that, in man. theobromine calcium salicylate produced 
less gastric rrritation than theophylline and theobromine sodium salicylates; 
and that this drug may be administered daily for months without untoward 
symptoms. Selig 24 is one of the very few writers who has reported the effect of 
theobromine calcium salicylate on the volume of urine excreted by man. He 
observed that this drug induces diuresis. Cushnv 25 states that, when large 
doses of theobromine are taken for some time, it is prone to act on the stomach 
and cause loss of appetite and nausea ; and that theophylline in a number of 
eases has had a deleterious action on the stomach, and lias caused renal irritation 
and epileptiform convulsions. He states further that caffeine does not injure 
the kidney even in large doses and over prolonged periods, and that its admnus- 
tration. therefore, in renal disorders is without risk of increasing the lesions. 
Solis-Cohen and Githens 26 state that in normal men it has been found •that the 
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average increase in the twenty-tour-lionr urine resulting from a single dose of 
0.5 gm. of caffeine is 42 per cent ; and that in rabbits this is true if the doses 
are below 10 mg. 

The literature contains numerous reports of studies concerning the effects 
of ingested caffeine and other methylated xanthines on the excretion of uric 
acid, but the reports recorded vary widely. Some investigators state that 
caffeine increases the uric acid content of the urine; others have found no 
change in the excretion of uric acid. The weight of published evidence in 
the earlier literature favors the former view. In 1850 Lehmann- 7 reported that 
no traces of caffeine were found in the urine after the administration of caffeine. 
The isolation of methylated purines from normal human urine in 1895 was fol- 
lowed by the reports of Albanese 1 * that the ingestion of caffeine and of theo- 
bromine in dogs resulted in the appearance of monomethyl-xanthine in the 
urine. During the period 18S5 to 1905 Bodzvnski and Gottlieb, 29 ' 2,1 and Kruger 
and Schmidt'’’ 1 ’ 32 obtained similar results with theobromine and with theophyl- 
line when administered to dogs or rabbits. Taylor 35 reported an increase in 
uric acid following the drinking of coffee. Burian and Schur 34 found that the 
administration of caffeine failed to produce any effect on the amount of uric 
acid in the urine. Hess and Schmoll 33 reported an increase in the uric acid 
after the drinking of coffee and tea. Haig 30 observed an increase in the 
amount of uric acid following the ingestion of coffee. 

In 1916 Benedict 37 reported an increase in uric acid following the admin- 
istration of caffeine, and Brugscli and Seliittenhelm 35 and Mendel and War- 
dell 39 obtained similar results with caffeine, coffee and tea. These investiga- 
tors believe that the increased uric acid excretion is possibly due to the 
demetkylation and subsequent oxidation of at least a part of the invested 
methylxantliines. The investigations of Mendel and Wardell showed that 
there is a marked increase in the excretion of uric acid following the ingestion 
of caffeine, coffee and tea, and that the increase is apparently proportional to 
the quantity of caffeine ingested. They found that the increase in the amount 
of uric acid excreted is equal to the quantity of uric acid which would be ob- 
tained by the demethylation and subsequent oxidation of from 10 to 15 per 
cent of the ingested caffeine. 


Clark and deLorimer 40 found that caffeine increased the excretion of uric 
acid in the urine, but that the primary increase was usually followed by a 
decrease in the excretion; and that theobromine diminished the rate of excretion 
of uric acid although there was no apparent change in the rate of its formation 
These investigators concluded that the increased uric acid excretion following 
the administration of caffeine is probably due to direct oxidation of the methv 
xanthines, and suggested that in a general stimulation of metabolism the 
kidney cells react first to the increased endogenous uric acid causin- an in 
creased excretion, and subsequently the kidney excretin- cells react to the 
foreign and more potent compounds, caffeine or various demethvlated derive 
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large closes increases metabolism; and that caffeine tends to lose its methyl 
groups as it passes through the organism, with the resulting formation of mono- 
methylxanthmes, xanthine and urea which are excreted in the urine. Means 
Aub, and DuBois« demonstrated a definite increase in the basal metabolism 
in man following doses of from 0.5 to 0.7 gm. of caffeine. Myers and Warded" 
observed an increase in the urinary uric acid after the ingestion of caffeine and 
theophylline, but not after theobromine. These workers found that when 
about 300 mg. of theophylline was administered there was an increase of 100 mg. 
m the uric acid excreted m the urine, a quantity which represents the transfer- 

ZlTtf P r Cent 0f the «‘ e ophyllinc ingested. Taylor and Kosc« com 
rmec the conclusion ot Burma and 8chur« that part of the nitrogen of in- 

f«rV U .n e .«“ CX f!j e , d at ° nce as l,ric ac5d > "'Idle part meets an unknown 
j o v° lt?1 ’ n ' K i 0 m ’ Berglund and Derick 48 have also confirmed Burian 
■j Ur ‘ 1 C1U e f K I J - vma n u ' found that hypoxantliine ingested bv man 
cans 1 an excretion ot 60 per cent of the equivalent amount of nrie ackk while 

Ttosp 5 ° me Ci | llS i eC °° 1101 CPnt ’ S^aninc 25 per cent, and adenine 34 per cent. 
W ooncladed that caffeine and its allies are excreted as sneh, without the 
rmation of uric acid, and that it was uncertain whether they have any effect 

uric ^ ° U * nC , * ro,n ot ' lor sources. Magath 51 claims that the 

uric acid m the urine is definitely increased after the administration of caffeine. 

5t ccordin 0 to M iechowski/- in dogs, the increased output of uric acid after 

For Thh r n UCt To hBS never becn «P0rt«l higher than 21 per cent, 
cent n r ^77 , ^ reportcd 3G <*nt, WiechowskF- 5.C per 

per cent Sch,ttenhcl ™ 5a 18 per cent, and Croftan- from 11 to 17 

wJlTXr f0Und + tha „ t when do " s ar * placed on diets which are rich in meat, 

nm rLv SiTT were eHmiliated in the urine, 500 gm. of meat 

pe da j fields from 0.2 to 0.3 gm. of urinary uric acid in twenty-four hours. 

^ iudan and Schm observed an increase in the hourly excretion of uric 
* n d °S s wluch llad be<; " given uric acid intravenously, the increase being 
most marked during the first hour or two. Later there was a fall, and the 
twenty-four-hour mac acid output was not increased. These investigators ex- 
p ame ns on t le asts that the rate of the normal destruction of uric acid 
m .ie body of the dog was disturbed during diuresis, probably due to circula- 
tory changes ; and conversely not due to an increased production of uric acid. 

Morris and Kees, vho used isotonic and hypertonic solutions of sodium 
c i onc e an ^ socium sulphate with rats and with rabbits, observed that stren- 
uous diuresis increased the total uric add output in twenty-four hours, and 
that, as with urea, the output of uric acid is affected by tile volume of the 
urine excreted more than any other factor. They found no evidence of uric 
acid arising directly from increased kidney activity. Their first series of ob- 
servations iv ere made with rats and extended over a premedication period of 
three days and a two -day period following the administration of one dose of 
the drug, given on the fourth observation day. They found with the sodium 
sulphate rats an average increase in uric acid output of 59 per cent at the end 
of the day on which the drug had been administered, as compared with the 
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average of the three premedieation days. The chloride content was increased 
also. The sodium chloride rats showed a 42 per cent gain in nric acid output. 
The lowest gain in both groups of animals was 2 per cent, and the highest G(i 
per cent. The average twenty-four-hour output of uric acid for the sodium 
sulphate animals was 0.87 mg. per 100 gm. of body weight, and for the sodium 
chloride animals 0.G5 mg. Hourly collections through twenty-four hours made 
with a second group of rats disclosed the fact that isotonic or hypertonic sodium 
sulphate solutions cause a large excretion of uric acid in the first or second 
hour with a compensatory drop later; while the sodium chloride solutions tend 
toward a more even level in output. The average values obtained for the 
twenty-four-liour uric acid output were: (1) with sodium sulphate. 0.88 mg. 
per 100 gm. of body weight, and (2) with sodium chloride, 0.98 mg. If these 
animals are grouped according to the concentration of the ingested fluids, hyper- 
tonic solutions produce 1.01 mg., and isotonic solutions, 0.81 mg. Rats of a 
third series were given three doses of the drugs at two-hour intervals. The 
sulphate animals showed a drop in the level of uric acid excreted with each 
administration, whereas the chloride animals showed a tendency to maintain a 
more uniform excretion. However, the total six-hour excretion, when calcu- 
lated on the basis of weight, was practically the same in four out of five ani- 
mals. There was no significant difference in the twenty-four-hour amount, the 
sulphate animals giving 1.55 mg., and the chloride animals 1.44 mg. In a 
fourth series until rabbits observations were made at twenty-minute intervals 
over four hours, and two drug doses two hours apart were administered. These 
animals yielded results which were less uniform than the rats, but thev were 
individually consistent. The average maximum yield with the rabbits durum 
the first two-hour period was 13.4 mg. of uric acid per 100 c.e, (the lowest 
being 6.3, and the highest 18.2), as compared with an average of 8.4 mg. per 
100 e.c. obtained at the end of the first twenty-minute period (the lowest 4- the 
highest, 11). For the second two-hour period the average maximum yield' was 
12.7 mg. of uric acid per 100 e.c. (the lowest, 8.5; the highest 15.4). 


EXPERIMENTAL 


Drugs. Theophylline calcium salicylate (phyllicin), theobromine calcium 
salicylate (tlieocalein), theophylline sodium acetate (theocin soluble) theo 
bromine sodium salicylate (diuretin), theophylline, and theobromine are the 
drugs studied in this investigation. 


Methods. The data were from 149 adult rabbits which were kept on a com 
plete and balanced diet determined for the individual animal The daily water' 
intake was carefully controlled. The animals were housed in individual' 
metabolic cages, and new animals were used for each dose series The a ' 1 

were observed first over a period of days to establish whether they wer!T * 
state of metabolic equilibrium. The drugs, dissolved in or mixed with deflate 
volumes of water, were administered by stomach tube three times T 
(morning, noon, and evening) over a period of four days. The observed 
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were continued thereafter until the daily output of urine approached that of the 
premedication period. Twenty-four-hour specimens of urine it ere collected, 
and the daily observations included the total volume of urine voided, the de- 
termination of the physical characteristics of the urine, the specific gravity, 
reaction, total solids, uric acid, urea, albumin, sugar, and microscopic exami- 
nation. 

Specific gravities were determined by the pyknometer method. Total 
solids were estimated by the coefficient of Haeser, since the quantities of urine 
were limited. Uric acid was determined by the method of Morris and Macleod/' 5 
Urea was estimated by an adaptation of the method of Folin and W s for blood 
analyses. Albumin was tested qualitatively by Roberts’ test.™ and, in the 
event a positive reaction was obtained, Esbach’s method''' 5 was employed for 
quantitative determinations because of the limited amounts of urine. Sugar 
was tested qualitatively by Benedict’s test.™ When positive, Benedict’s 
method™ was employed for quantitative determinations. Chlorides were esti- 
mated by Whitehorn’s method. 6 ' Allantoin determinations were attempted 
by Wiechowski’s method, 66 but the results were unsatisfactory because of the 
small amounts of urine and the dilution. Each specimen was centrifugalized 
and the sediment was examined microscopically. 

Table I shows the type of daily records which were kept for each of the 
149 animals used. 


OBSERVATIONS 

Series 1. Theophylline Calcium Salicylate . — This drug, in doses of 10, 20, 
40, 50, 60, 75, 100 and 150 mg. per kilo three times a day, was administered to 
a series of 37 animals. The results obtained (Table II) show that with rabbits 
60 mg. doses are the most efficient, if measured by increased urine output and 
maximum twenty-four-liour output, and that 50 mg. doses are most efficient 
from the standpoint of increased uric acid elimination and the duration of 
increased diuresis. There was no evidence of local irritation until doses of 100 
mg. or more were reached, when the animals began to manifest loss of ap- 


Table II 

Effects or Various Doses or Phtllicix ox Babbits 


DOSE 
MG, PER 
KILO T.I.D. 

AVER. % 

inch’d 

op. 

AVER. 

I NCR ’D 

max. op. 

AVER. % 
INCR'D 
SOLIDS 

AVER. % 

ince'd 
URIC A. 

inch’d 

albumin 

inch'd 

SUGAR. 

duration 

diuresis 

theough 

DAY(S) 

MAXIM. 

OP. 

10 

20 

40 

50 

00 

75 

100 

150 

27 

45 

43 

74 

10G 

94 

105 

-34 

to 

4S1 

75 

93 

81 

140 

188 

125 

17G 

18 

'73 

23 

79 

86 

94 

08 

27 

125 

140 

184 

3951 

233 

280 

5374 

100 

plus 
Four o £ 
sc-eon 
troin 

♦even amn 
drug da 
estinal 5r 

74 Gars 

7 Gays 

7 Gays 

9 Gays 

7J Gays 

8 days 

8 days 

ials died 
y- Casts 
citation. 

b 3 dg-;* 2 p. 
l,4Gg.; 1, 2 p. 
b f dg-i 2 p. 
b 2, 3 Gg. ; 2 , 
3 p. 

1 dg. 
b 3 dg. 

1 dg-; 3 p. 
an. the first or 
in urine: gas- 

medication' daj\ C ' OP.'S’ output™ 1 tlrUS throughout tables. 1, 2. 3 p. = 1st, 2nd. 3rd post- 
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petite and diarrhea, and increased albumin in the urine. In cases of death, 
autopsy disclosed gastroenteritis and renal irritation. Xo deaths occurred 
until doses of 150 mg. or more were administered. 

Series II. Theobromine Calcium Salicylate.- — Doses of 10, 30, 50, 75, 100, 
150, and 400 mg. per kilo three times a day were administered to a series of 27 
rabbits. In the case of this drug (Table III) 50 mg. doses appear to be the most 

Table Ill 


Effects or Various Hoses or Tiieocalcix on Rabbits 


DOSE 
MG. PER 
KILO T.I.D. 

aver. 7c I 
inch ’n ] 

OP. 

AVER. 7l 
incr’d 

MAX. OP. 

AVER. 7c \ 
inch’d 

SOLIDS 

AVER. 7c 
INCH ’l> 
URIC A. 

inch'd 

A DRUM IK | 




10 

CL 1 . 

110 

r>7 

2171 

— ! 

- 

71 davs 

1, 2. 3 dg. 

30 

OO 

781 j 

44 

ISO 

- | 

- 

01 davs; 

1 dg. ; 2 p. 

50 

97 

210 

4S1 

187.1 

- ! 


SI davs 

1 dg. 


30 

S2 

19 , 

134 

- 

- ; 

7 davs 

1. 2, 3 (lg. 

mm 

58 \ 

130 

56 A 

°27 

pins 


; 7 davs 

il dg. 





131 


l.ltlc I 




plus 50 


■ 

One' 

r ■■■' i i 

animal died second 

drug day 


-10 to 



39 

39 


plus 1 

1 



plus 1791 



i 1 

All animals died second drug day 


Urinary 

casts and gastrointestinal irritation were observed 

in all animals that died 


efficient. Although 100 mg. doses produced the greatest increase in uric 
acid eliminated, irritation resulted from such quantities, and deaths occurred 
when doses of 150 mg. and over were given. 

Series III. Theophylline Sodium Acetate. — Twenty animals were used with 
this drug which -was administered in doses ranging from 10 mg. to 100 mg. 
per kilo three times a day. Thirty milligram doses (Table IV) produced the 

Table IV 


Effects or Various Doses or Tueocix Soluble on Rabbits 


DOSE 

MG. PER 

KILO T.I.D 

AVER. 7c 
INCR ’D 
OP. 

AVER. 7c 
inch’d 

MAX. OP. 

AVER. 7c 
inch’d 

SOLIDS 

AVER. 7c 

inch’d 

URIC A. 

INCH f D 
ALBUMIN 

ixcr’p : 

SUGAR 

DURATION* 

DIURESIS 

THROUGH 

DAV(S) 

MAXIM. 

OF. 

10 

33 

721 

4S 

1541 

_ 

_ 

01 davs 

1, 3 dg. ; 1, 2 p. 

30 

49 

SS 

581 

1S9 

- 

_ 

01 davs 

1, 3 dg.; 2 p. 

50 

35 

90 

34 

1G4 

plus 

- 

5 days 

1, 3 dg. 

75 

04 

120 

36 

200 

plus 

- 

71 davs 

1, 3 dg. ; 3, 4 p- 



One animal died third drug dav 






Two animals lost 

weight during drug period 


‘ 

100 

131 

100 | 

1 90 

207 

plus 1 

- I 

01 davs 

1 dg.; 2 p. 



Two animals died during second drug day 




| All animals that died showed casts in urine, and gastroenteritis | 



most efficient results within safe limits. Evidence of irritation was obtained 
with doses of 50 mg. and over. No deaths occurred until doses of 75 mg. or 
more were given. In cases of death, autopsy disclosed evidence of irritation 
of the kidneys and the gastrointestinal tract. 

Series IT. Theobromine Sodium Salicylate. — Doses of 10, 30, 50, 75, and 
100 mg. per kilo were used with 20 animals. The most efficient dose (Table V) 
was 50 mg., if determined by the increased urine output and the increase in 
solids eliminated. Larger doses produced a greater elimination of uric acid, 
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Table V 


Effects or Various Doses or Diuketjx ox Babbits 


POSE 
MG. TKR 
KILOTJ.D. 

■ 

aver. Tc 
inch'd 
max. or. 

AVER. Vc 

jsen *n 
SOUPS 

AVER. r /c 

I NCR 'D 
VIIIC A. 

ALBUM IS 

ivni’u 

SUGAR 

DURATION* 
ni URESIS 
THROUGH 

I>AY(S) 

MAXIM. 

or. 

10 

50 

02 

45 

72 

- 

- 

7 days 

3,4dg.;l,0p. 

30 

44 

04 

51 

SS4 

- 

- 

S davs 

1,4 dg. ; 2,4 p. 

50 

57 

mm 

521 

15S 

- 

~ 

71 days 

3, 4 dg.; 1 p. 

75 



344 

215 

- 

- 

73 davs 

1 dg.: 2, 3 p. 

100 



53 

252 

— 


8 1 days 

1 dg. ; 3, 4 p. 


but the increases in the volume of daily urine-output and of solids eliminated 
were less than those resulting from the 50 mg. doses. The amount of uric acid 
eliminated increased with the dose. There was no evidence of irritation and 
no deaths occurred (maximum dose used was 100 mg.). 

Series V. Theophylline . — This drug was administered to 10 animals in doses 
ranging from 10 mg. to 75 mg. per kilo three times a day. The most efficient 
dose (Table VI) appears to be 50 mg. However, the results obtained with doses 


Table VI 

Effects or Various Doses or Theophylline ox Uabbits 


DOSE 
TIG. PER 
KILO T.I.D. 

AVER. <7c 
INCP.’D 
OP. 

AVER. 

I .VCR ’D 
MAX. OP. 

AVER. # 
IXCR 

SOLIDS 

AVER. 7c 
INCH ’D 
URIC A. 

INCR '» 
ALBUMIN 

inch'd 

SUGAR 

DURATION 

DIURESIS 

THROUGH 

DAV(S) 

MAXIM. 

OP. 

10 

20 

30 

50 

75 

53 

30 

534 

994 

51 

140 

78 

118 

102 

174 

371. 

33 

18 

69 

56 i 

72 

117 

152 

2224 

192’ 

Three ou 
first 
the s 
and 

t of font 
nostmedic; 
eeond dru 
gastroente 

9(4 days 
6 days 
7% days 
7% days 

animals 
ition day; 
g day. * f 
ritis. 

2,3dg.;2,3p. 
1, 3 dg.; 2 p. 
b 3 dg.; 3 p. 
b -i 3 dg.; 3 p. 

died; one on 
the others on 
lasts in urine, 




Effects of Various Doses of Theobromine ox Babbits 


DOSE 1 
MG. PER 
KILO T.I.D. 

AVER. 7o 

inch’d 

OP. 

AVER. 7c 

incr’d 

MAX. OP. 

AVER. % 
INCR ’D 
SOLIDS 

AVER. 9 

incr’d 

URIC A. 

10 

68 

123 

19 

924 

20 

72 

130 

32 

130 

40 

55 

130 

65 

1624 

60 

284 

95 | 

26 

171 

75 

43 

73 

t 

25 

i 

199 

100 

Go 

i 189.4 

31 

135 

200 

97 

203 

134 

2 OS 



Ca. 

sts in urii 

ie, and . 


IXCR’d 

albumix 


inch'd 

SUGAR 


One animal died 


duration 

diuresis 

through 


8(4 days 
£>/(. days 


days 
7% days 
8% days 


day(s) 

Maxim. 

OP. 


3 dg. ; 3, 4 p. 
[h 3, 4 fig. ; 1, 

2, 4 p. 

b 4 dg.; 1, 4 p. 
jb 3 dg.; 2, 3 p. 

3 , 4 dg. ; 3, 

a • 1 i I>- 

uunng second drug night 

[Three out of fop animals died; two during 
^ drug niglit, 0 ne during fourth drag 

A11 dragnfg^ - fourth 
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of 10 mg. as compared with those resulting from the administration of 20, 30, 
and 75 mg. doses are interesting. The maximum dose (75 mg.) produced 
death in 3 out of 4 animals, the kidneys and the gastrointestinal tract showing 
the effects of irritation. 

Series VI. Theobromine . — Graduated doses of this drug ranging from 10 
mg. to 200 mg. were given to 20 animals. The most effective safe dose from 
the standpoints of increased maximum output of urine, increased solids, in- 
creased elimination of uric acid, and duration of diuresis, is 40 mg. (Table YII), 
although 20 mg. doses produced a greater increased daily urine output. Deaths 
occurred with doses of 75 mg. and above, and autopsy showed renal and gas- 
trointestinal irritation in each fatal ease. 

DISCUSSION 

From a consideration of the foregoing data it is evident that the xanthine 
derivatives included in this study are capable of producing a good diuresis in 
rabbits, inducing increased elimination of solids and of uric acid, and maintain- 
ing a diuretic action for from two to about five and a half days after the ad- 
ministration of the drug is stopped. It is obvious also that in the overdosage 
established during this study these agents are capable of producing gastro- 
enteritis, nephritis, and subsequent death, but that there is a fair margin of 
safety. The increase observed in solids was due primarily to chlorides. In 
general, within safe limits, it appears that when the urine output is increased, 
the rate of chloride excretion is accelerated until an optimum plateau is 
reached. Veil and Spiro 68 found that theophylline causes a prolonged fall of 
serum chloride even in animals whose kidneys have been removed. They con- 
clude that theophylline affects not only the kidneys but also other pails of the 
vasculature, promoting the passage of chlorides from the blood into the urine 
and tissues. 

TJrine Output . — From the standpoint of increase in daily urine output theo- 
bromine calcium salicylate (61%) and theobromine (68 per cent) produced the 
greater increases in dosage of 10 mg. (see Tables VIII to XII). Theophylline 
calcium salicylate (45 per cent) in dosage of 20 mg. produced a greater in- 
crease in diuresis than 30 mg. doses of theobromine calcium salicylate (22 per 
cent) and theobromine sodium salicylate (44 per cent), and 20 mg. doses of 
theophylline (36 per cent) ; although theobromine (72 per cent) in 20 mg- 
dosage, and theophylline sodium acetate (49 per cent), and theophylline (53% 


Table VIII 

Effects of 10 jig. Doses ox Rabbits 


DRUG 

AVER. % 
INCR ’i) 
OP. 

AVER. °/o 
INCR ’r> 
MAX. OP. 

AVER. % 

inch'd 

SOLIDS 

AVER. % 
INCR'D 
URIC A. 

inch'd 

ALBU- 

MIN 

incr’d 

sugar 

duration 

DIURESIS 

through 

DAY (S) 

maxim. 

OP. 

Phylliein 

Theocalcin 

Tlieocin Sol. 

Diuretin 

Theophylline 

Theobromine 

27 

6X4 

33 

50 

53 

GS 

1 

IS 

67 

4S 

45 

374 

19 

125 

2174 

1541 

72 

72 

924 

- 

— 

74 Jays 
74 days 
G4 days 

7 days 
91 days 
S4 days 

1, 3 dg.; 2 p. 

1, 2, 3 dg. 

1, Sdg.; 1, 2p. 
3, 4 dg. ; 1, G p. 

2, 3 dg. ; 2, 3 p. 
2, 3 dg. ; 3. 4 p. 
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Table IX 


Eitccts or 20 and 30 .mo. Doses os* Habbits 


DRUG 

AVEH. 7c 
jncr'd 
or. 

AVER. 9r 

inch’d 
max. or. 

AVER. 7c 
INCH ’D 
SOLIDS 

AVER. 7c 
incr’d 

URIC A. 

ixcr'p 

ALBU- 

MIN 

INCH *1) 
SUGAR 

DURATION' 

DIURESIS 

THROUGH 

DAV(K) 

MAXIM. 

or. 

Plivllicin (20) 

45 

03 

73 

140 

- 

- 

7 (lavs 

1, 4 dg 

; 1, 2 p. 

Theoealcin (30) 

no 

7S1 

44 

ISO 

- 

- 

01 days 

i <ig-; 

2 p. 

Theocin S (30) 

40 

SS 

5S1 

ISO 

- 

- 

01 days 

1, 3 dg 

; 2 p. 

Diuretin (30) 

44 

04 

51 

SSI 

- 

- 

S days 

1, 4 dg 

; 2, 4 p. 

Tliooplirllino 

(20)' 

36 

7S 

33 

117 



G days 

1, 3 dg.; 2 p. 

Theophylline 

(30)' 

Theobromine 

(20) 

534 

11S 

IS 

152 

— 


i % days 

1, 3 dg.; 3 p. 

72 

130 

32 

130 

- 

- 

S* days 
' 

1, 3, 4 dg.; 1, 
2, 4 p. 


Table X 


Effects of 40 and 50 mg. Doses on Babbits 


DRUG 

§f§ 

AVER. 7c 

incr’d 
MAX. OP. 

AVER. 7c 

inch’d 

SOLIDS 

H 

B 

INUR’D 

SUGAR 

DURATION’ 

DIURESIS 

THROUGH 

day(s) 

MAXIM. 

OP. 

Phyllicin (40) 

43 

SI 

23 

1S4 

- 

- 

7 days 

1, 4 dg.; 2 p. 

Plivllicin (50) 

74 


79 

3951 

— 

~~ 

9 days 

1, 2, 3 dg.; 

2, 3 p. 

1 dg. 

Theoealcin (50) 

07 


4S1 

1871 

- 

- 

Si/> days 

Theocin S (50) 

35 

96 

34 

104 

plus 

- 

5 days 

1, 3 dg. 

Diuretin (50) 

.')/ 

97 

521 

158 


- 

714 davs 

3, 4 dg.; 1 p. 

Theophylline 

(50) 

Theobromine 

(40) 

991 

102 

09 

2221 

- 


days 

1, 2, 3 dg.; 3 p. 

55 

130 

65 

1021 

- 


9% days 

1, 4 dg.; 1, 4 p. 


Table XI 

Effects of 60 and 75 mg. Doses on Babbits 


DRUG 

AVER. 7o 
INCH ’D 
OP. 

AVER. 7c 
INCR ’D 
MAX. OP. 

AVER. 7c 

inch’d 

SOLIDS 

AVER. 7o 
incr’d 

URIC A. 

IN'CR f D 
ALBU* 
MIX 

ixcr’d 

SUGAR 

DURATION 

DIURESIS 

THROUGH 

DAY(S) 

MAXIM. 

OP. 

Phylliein (60) 
Phyllicin (75) 
Theoealcin (75) 
Theocin S (75) 

Diuretin (75) 
Theophylline 
(75) 

Theobromine 

(60) 

Theobromine 

(75) 

100 

94 

30 

64 

One ani 
Two los 
2G 

51 

281 

43 

188 

125 

82 

120 

mal diet 
t weight 
108 
174 

95 

73 

86 

94 

19 

36 

third l 
during 
341 
561 

26 

25 

One ani 

233 

280 

134 

260 

Lrug day 
drug pe 
215 
192 

171 

199 

nal died 

plus 

riod. 

Three a 

second 

- 

nimals o 

drug da; 

7)4 days 
8 days 

7 days 
7% days 

7 Vi days 
it of four 

7% days 

8% days 

1 dg. 

1, 3 dg. 

1, 2, 3 dg. 

1, 3 dg.; 3, 4 p. 

1 dg.; 2, 3 p. 
died. 

1, 3 dg.; 2, 3 p. 

2, 3, 4 dg.; 3, 
4 p. 


per cent) in 30 mg. closes produced a greater diuretic action. In doses of 50 
mg. theophylline (99% per cent), theobromine calcium salicylate (97 per- 
cent), and theophylline calcium salicylate (74 per cent) topped the list How 
ever, the most striking results were observed with theophylline calcium 
salicylate in doses of 60 mg. (106 per cent), and of 75 mg. (94 per cent) the 
increases being from 1.7 to 3.7 times those obtained with 75 nm doses of the 
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Table XII 

Defects of 100, 150, 200 ant) 100 mg. Doses on Rabbits 


DRUG 


Pliyl licin (100) 
Pliyllicin (150) 

Tlieocalcin (100) 
Theocalcin (150) 

Tlieocalcin (400) 

Theocin S (100) 

Diuretin (100) 
Theobromine 
( 100 ) 

Theobromine 

( 200 ) 


AVER. c /i 
INCR T) 
OF. 


105 
-34 to 
+S1 

5S4 
-14 to 
+50 

-10 to 
+1704 

131 

40 

G5 

97 


AVER. </, 

inch'd 

MAX. OF 


170 


130 


aver. c/ ( 

inch'd 

SOLIDS 


100 


OS 

27 


5G4 

54" 


39 


90 


aver. % inch’d 


INCH ’D 
UHIC A. 


5371 

100 ' 


131 


39 


207 


ALBU- 

MIN 


plus 


incr'd 

•SUGAR 


| DURATION 
DIURESIS 
THROUGH 


S davs / 


DAY ( S) 
MAXIM, 
or. 


, 1 - I ~ 

I- our of seven animals died. 


T dg .; 3 p . 


plus 


plus 


plus 

plus 


1 ivo animals died second drill! day. 


7 days jl dg. 

One animal died second 
drug day. 

All animals died second 
drug day. 


115 

1S94 


53 

31 


20 

13; 


64 days 
S{ davs 


|i 2 P- 
I dg.; 3, 4 p. 


Three out of four animals died during drug neriod 

20,3 i i oon , , ,, . . r. - r. 


134 ! 20S [All animals died third or fourth drug days. 


other five drugs, theobromine sodium salicylate (26 per cent) having produced 
the smallest increase in this dosage. Theophylline calcium salicylate (105 per 
ceu m c oses o 100 mg. produced an increased urine output of 105 per cent 
aS C0111 P3i ed m ith 131 per cent in the case of theophylline sodium acetate, 65 
pei cen in t le case of theobromine. 5S(/> per cent in the ease of theobromine 
ea cium sa icy late, and 46 per cent in the case of theobromine sodium salicyl- 
a e However, deaths occurred in the cases of theophylline sodium acetate 
ant ieo 1 online; theobromine sodium salicylate alone in this dosage gave 
no indications of renal irritation. The greater efficacy of the calcium deriva- 
tives suggests the possibility that the calcium ion enhances the diuretic prop- 
erties of the xanthine with which it is associated. 

Unc Acid.— -As shown in the introduction, the effect, of the methylated 
xanthines on uric acid excretion has long been a subject of controversy. The 
data obtained m this study make it obvious that there is a definite increase in 
the uric acid excreted. The administration of uric acid or nucleins is followed 
by an inci eased excretion of uric acid which is more or less closely propor- 
tional to the amount of the agent, administered. Since it has been established 
that demethylation does occur in the body, it seems not unlikely that a part 
of the ingested methylated xanthines may be completely demethylated, and 
that lesulting products may be subsequently oxidized to uric acid. Thus 
Durian and Schur found that the uric acid injected subcutaneously into man 
was excreted in the urine to the extent of approximately 50 per cent, these 
investigators believing that the other half was broken down into unidentified 
products. Likewise, when liypoxantliine was ingested, about 50 per cent of 
its nitrogen was accounted for in the immediate increase of uric acid excreted. 
Although the amount of uric acid eliminated, following the ingestion of these 
agents, increases in a roughly uniform manner with the increase in the dose 
of the drug, the calcium derivatives, theophylline calcium salicylate and theo- 
bromine calcium salicylate, are exceptions in that with these agents the doses 
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of greater diuretic efficacy (within safe limits), as measured by the increase 
in urine output, produce greater uric acid excretion than larger safe doses. The 
action of these derivatives is apparently specifically confined to uric acid and 
does not involve the other nonprotein nitrogenous constituents. It is not easy 
to explain the mechanism by which some diuretics increase the excretion of 
one constituent more than that of another. The effect may he on the force with 
which individual substances are held in the blood and tissues, or it may be a 
direct effeet on the tubule epithelium influencing reabsorption to a different 
extent. 

The percentages in the tables expressing increase in the uric acid excreted 
may be unintentionally self-exaggerating because of the small amounts of uric 
acid iti the urine before medication. To illustrate: In the ease of one 
rabbit which received 20 mg. doses of theophylline calcium salicylate, the 
daily output of uric acid during the premedication period averaged 11.7 mg. 
(or 5.85 nig. per kilo of body weight), and during the medication period the 
average daily output rose to 31.6 mg. (or 15.8 mg. per kilo of body weight), 
an increase of 19.9 mg. (or 9.9 mg. per kilo of body weight). This represents 
an increase of 170 per cent in uric acid, although the increase was but 9.9 mtr. 
per kilo or 0.99 mg. per 100 gm. of body weight. 

In 10 mg. doses theobromine calcium salicylate (217* £ per cent), theo- 
phylline sodium acetate (154 per cent), and theophylline calcium salicylate 
(125 per cent) produced the greater increases in uric acid eliminated. In 20 
mg. doses theophylline calcium salicylate (140 per cent) induced a greater in- 
crease than theobromine (130 per cent), and theophylline (117 per cent). In 
doses of 30 mg. theophylline sodium acetate (1S9 per cent), theobromine calcium 
salicylate (180 per cent), theophylline (152 per cent), and theophylline calcium 
salicylate (140 per cent) were more effective. In 40 mg. dosage theophylline 
calcium salicylate produced an increase of 184 per cent and theobromine 
162i/ 2 per cent ; while in doses of 50 mg. theophylline calcium salicylate (395 
per cent) manifested more than twice the powers of the remainder of the group 
with the exception of theophylline itself (222*4 per cent). In this dosage 
theobromine sodium salicylate produced the smallest increase (158 nor 
in uric acid eliminated. 


In 60 mg. doses theophylline calcium salicylate (233 per cent) effected a 
greater increase in nrie acid elimination than theobromine (151 per cent) - 
and in doses of 75 mg. theophylline calcium salicylate (280 per cent) a-ain 
topped the list. c 


When the limits of safety of this group of agents as a whole were reached 
(doses of 100 mg. and over), theophylline calcium salievlate (537*4 per . 
still exceeded all other members of the group in increasing uric acid elm L 
tion, although theobromine sodium salicylate (26* per cent) wm th T 
member of the group which in 100 mg. doses manifested no svraptoms of poison 
mg. However, the administration of theobromine (135 per cent) itself 
dosage of 100 mg. produced death in three out of four animals. ^ 

Duration of Diuretic Action . — In 10 mo- u 

•*** — 
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days; theophylline calcium salicylate, and theobromine calcium salicylate, 
seven and one-half days; theophylline sodium acetate, six and one-lialf (lays ; 
and theobromine sodium salicylate, six days. In doses of 20 mg. and 30 mg. 
theobromine (eight, and one-half days), theobromine sodium salicylate (eight 
days), theophylline (seven and two-thirds days), and theophylline calcium 
salicylate (seven days) produced the more prolonged action. 

When doses of 40 mg. and 50 mg. were ingested, theobromine (nine and 
one-third days), theophylline calcium salicylate (nine days), and theobromine 
calcium salicylate (eight and one-half days) were the more effective members 
of the group. 

In 60 mg. and in 75 mg. doses theophylline calcium salicylate (seven and 
one-half and eight and two-third days) and theobromine (seven and three- 
fourths and eight days) were approximately equally effective, although with 
the larger dosage one theobromine animal died on the second drug day. 

All members of the group ai-e prompt in action, increased diuresis starting 
in practically all cases on the first drug day. 

Toxicity . — Theobromine sodium salicylate is the only member of the group 
which manifested, in the doses employed, no toxicity. However, it should be 
noted that in this study this drug was not administered in doses larger than 
100 mg., and that theobromine itself in doses of 75 mg. produced death in one 
out of four animals, while with doses of 200 mg. the mortality was 100 per 
cent by the third or fourth drug days. 

The limit of safety is reached apparently with theobromine, theobromine 
calcium salicylate, and theophylline when these agents are given in doses of 
75 mg. per kilo three times a day. In the cases of theobromine calcium salicylate 
and theophylline calcium salicylate 150 mg. doses seem to be definitely toxic, 
although in 100 mg, doses, while showing no fatalities, both drags produced a 
definite increase in the albumin in the urine. 

Autopsies disclosed positive evidences of both renal and gastrointestinal 
irritation in all animals that died. 

(Relative Efficacy . — If the increase in urine output, the increase in solids 
eliminated, the increase in the elimination of uric acid, safety, and the dura- 
tion of diuretic action, are taken into consideration (see Table XIII), theo- 
phylline calcium salicylate, in doses of from 50 to 60 mg. per kilo three times 
a day, is most efficacious, and theophylline itself in doses of 50 mg. stands second 
among the remainder of these xanthine derivatives so far as rabbits are con- 
cerned. Theobromine calcium salicylate in doses of 50 mg. stands third, close 
in efficacy to theophylline. 

The results of these studies confirm the statements of Underhill and Pack 3 
that theophylline and theobromine are powerful diuretics in rabbits (as well as 
in man). The consensus of opinion in tlie literature that (1) theobromine is 
more reliable than theophylline; (2) that theophylline is a more prompt diu- 
retic but shorter in action and more irritating to f lie kidneys and the gastro- 
intestinal tract; (3) and that both of these xanthine derivatives are capable 
of producing irritation of the kidneys and the gastrointestinal tract, agrees 
only in part with tlie findings of this investigation. These studies disclosed 
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Table XIII 


Effects of tiie Moke Efficacious Doses on Rabbits 


DREG axd 

MG. VTM 

KILO T.I.D. 

AVER. <7 c 

ixcR'n 

or. 

AVER. 9V 
INCH '!> 
MAX. OP. 

AVER. 97 
IXCR 'D 
SOt.IDS 

AVER. 9 7 
IXCR ’D 
URIC A. 

INCH ’» 
ALBU- 
MIX 

IXCR ’D 
SUGAR 

DURATION 

DIURESIS 

through 

DAY ( S) 
MAXIM. 

or. 

Phvllicin (GO) 

100 

1SS 

SG 

233 

— 

-- 

7JA days 

1 dg. 

Theophvlline 

9JU 

1G2 

G9 

OOOl 

— 



7% days j 

1, 2,3 dg.; 3 ]>. 

(50) 

Theocalein (50) 

n 

210 1 

4SA 

1S7A 



- - 

8’/, days 

1 dg. 

Phvllicin (50) 

W3m 


79 

395 A 



9 days 

1, 2, 3 dg. ; 2. 

Theobromine 

72 


: 

32 


— — 

■ 

S'/, days 

3 P- 

1, 3, 4 dg.; 1, 

(20) 

Diuretin (50) 

57 

97 

t 

52i 

» 

— — 



7)4 days 

2, i p. 

3, 4 dg.; 1 p. 

Theobromine 

<M) 

Tlieoein S (30) 

55 

130 

G5 

102 A 


— 

9'/j days j 

1, 4 dg.; 3, 4 p. 

49 

1 ss 

5SA 

189 


: 

G)4 days 

I, 3 dg.; 2 p. 


Table XIV 


Toxic Doses of Xanthine Diuretics ox Rabbits 


DRUG AX’D 

MG. PER 

KILO T.I.D. 

AVER. 97 

inch'd 

OP. 

AVER. % i 

INCH ’D 
MAX. OP. 

AVER. 93 

incr’d 

SOLIDS 

AVER. % 
rNCR’D 
URIC A. 

•mortality 

Theocalein 

(150) 

~u 

to 

+50 


51 

131 

1 out of 4 animals died on 2nd medication 
day 


m 

i 

27 

100 

4 out of 7 animals died on 1st or 2nd 
Died, day 

Diuretin j 

Xo deaths or evidences of renal or gastrointestinal irritation with doses up 
to and including 100 mg. Larger doses of this drug were not given. 

Theocin. S ! 

(75) 

64 

120 

36 

260 

1 out of 4 animals died on 3rd med. dav. 
(Note: 3 out of 4 died following 100 
mg. doses.) 

Theobromine 

(75) 

43 

73 

25 

199 

1 out of 4 animals died on 2nd med. dav. 
(Xote: 3 out of 4 died following 100 
mg. doses.) 

Theophylline 

(75) 

51 

174 

564 

192 

3 out of 4 animals died ; one on 1st post- 
mcd. day, two on 2nd med. dav. 

•Autopsies disclosed definite evidence of renal and gastrointestinal irritation. 


tlie facts that in rabbits (1) theobromine and theophylline and their salts are 
equally reliable diuretics; (2) that in both of these groups diuresis began 
promptly within approximately the same time (usually the first medication 
day), and, in the more efficacious doses, was practically of equal duration - and 
(3) that renal and gastrointestinal irritation is produced by practically the 
same dosage of the members of each of these groups (excepting “diuretin.” 
which was not administered in doses larger than 100 mg.) 

In clinical doses Stewart 23 found that theobromine calcium salicvlate pro 
duced less irritation than theobromine sodium salicvlate. The findings of this 
study show that in rabbits with doses up to and including 100 m * theobromine 
sodium salicylate gave no indications of irritation, whereas theobromine calcium 
salicylate m doses of 100 mg. and over produced an increase in urine albumin 
Vieth's and LeubeV observation that calcium salts of the xanthines an’ 
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The conclusion of Emerson 16 that there is no increase in albumin after 
theobromine is contradicted by these findings, since theobromine in 75 mg. 
doses and theobromine calcium salicylate in 150 mg. doses both gave definite 
evidence of an increase in urinary albumin. 

The observations of Bodzynski. 2 " Gottlieb, 30 Kruger, 31 Schmidt, 32 Hess, 3 -' 
Sehmoll, 35 Mendel and Warded, 30 and others that there is an increase in uric 
acid following the ingestion of theophylline and theobromine are confirmed 
by this work. The conclusion of Morris and Rees 3r that the output of uric acid 
is affected by the volume of urine more than any other factor does not agree 
with the results obtained in these studies. 

The relative toxicity of the salts as compared with the free xanthines ap- 
pears to be about directly proportional to the amount of the xanthine contained 
therein, with the exception of theophylline sodium acetate which is as toxic as 
theophylline. 

The authors wish to express their appreciation of the valuable assistance rendered by 
Pearl B. Waddell, A.B., M.D., formerly Assistant in Pharmacology, and .Tessic Way Gilt, 
B.S., formerly Assistant in Pharmacology, College of Medicine, University of Tennessee, who 
carried out most of the routine clinical laboratory work. 
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EMBOLISM AND THROMBOSIS OP LARGE BRANCHES OP THE 
PULMONARY ARTERY IN HEART DISEASE* 


Leonard G. Steuer, M.D., Cleveland, Ohio 


O BSTRUCTION of the pulmonary artery, like that of other vessels may 
occur as a result of thrombosis or embolism. The two processes having so 
much in common, and often so difficult to differentiate are usually considered 
together in discussions of this subject. Although the literature abounds with 
general studies on thrombosis and embolism, the relationship between pulmonary 
obstruction and heart disease has been somewhat neglected. 


The study of the meohauism of thrombosis has been vigorously pursued and 
the definite answer as to how and why intravascular clotting occurs is still to be 
forthcoming. John Hunter 1 believed that infection of the vessel Avail was re- 
sponsible for thrombosis. Later, Virchow 2 brought forth a noninfectious process 
as the cause, namely, a sluggish circulation, which with other factors predis- 
posed to the clotting. He applied the term “marantic” to thrombi of such 
origin. In a study of 1,000 cases of thrombosis and embolism, Rosenthal 3 found 
the incidence highest in individuals over forty-one years of age in whom heart 
disease was present. The inference would he that stasis of the blood resultin'-- 
from a failing myocardium is responsible for thr.ombus formation Experf 
mental work, however, lias shown that stasis alone, or in association with endo 
thelial injury will not result in thrombus formation. It appears therefore that 
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changes in the blood itself, physical, chemical and colloidal changes, are neces- 
sary in order that thrombus formation take place. 

Emboli on the other hand are usually pieces of clot which have broken oft. 
There are in general two types of pulmonary emboli/ one in which a large 
branch of the pulmonary artery is occluded, and the other in which smaller 
branches are occluded to produce either local disturbances or infarction. A 
large embolus may pass through the heart and lodge in the trunk of the 
pulmonary artery. 

McCartney in his review ot 73 eases of pulmonary embolism has included 
16 eases of so-called medical embolism, embolism occurring in nonsurgical cases. 
Of these 16 eases, 6 were associated with cardiac disease. From this data it may 
be concluded that about 8 per cent of emboli occur in cardiac disease. All of 
McCartney's heart cases suffered from hypertensive disease. 

In this connection the work of Haggart and Walker 0 is of interest. Study- 
ing the effect of quantitative occlusion of the pulmonary artery they found that 
until fiom o2 per cent to 66 per cent of the pulmonary circulation is cut off. 
there is no significant variation in the circulatory condition of the animal. The 
point at which failure occurs is sharply defined, since beyond this end-point a 
euculatoij collapse is precipitated by minute increases in pulmonary arterial 
obstruction, but if this is not applied, no untoward change results. This experi- 
mental evidence coincides with the clinical findings of Means and Mallory/ who 
report a case of occlusion of the main right branch of the pulmonary artery by 

an organized thrombus which had been present for a period of mnnv days or 
even weeks. 

The present study is based upon 25 cases of frank cardiac disease, appearing 
on the uaids of Cle\ eland City Hospital. All cases at autopsy had occlusion of 
large main branches of the pulmonary arteries. In 6 instances the pathologic 
diagnosis was that of pulmonary embolus. 

Of the 6 cases in which the diagnosis of embolism was made there were 5 males 
and 1 female. The youngest was thirty-six years of age and the oldest fifty- 
nine years, the average age being fifty-two years. Of these, 3 cases had mitral 
stenosis; 1 had hypertensive heart disease; 1 had syphilitic aortitis and general 
paresis; 1 had coronary disease. Strikingly enough, in all eases the cardiac 
mechanism was normal. This is of significance, because ordinarily emboli are 
thought of as occurring with arhythmias, but here none of the cases show such 
abnormality. In only 1 of these patients was death of the type commonly as- 
sociated with pulmonary emboli. This case, one of chronic mitral and aortic 
disease, was found moaning while asleep. Cyanosis and dyspnea developed and 
death was sudden. In all the other cases death could be attributed to additional 
factors, the pulmonary embolus being apparently of minor consequence and 
occurring as a terminal event. For example, 1 case had a cerebral embolus; 

1 the wet brain of general paresis; 1 coronary thrombosis; and the other 2 
chronic failure of from six to twelve months in duration. 

We may conclude from these eases that the typical death attributed to 
pulmonary embolism, the chest pain, dyspnea, cyanosis and anxiet.v, may be 
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often absent when the condition occurs in the course of heart disease. It ap- 
pears that pulmonary embolism occurs so late in heart disease that it represents 
a terminal event. 

A possible source of the embolus was found in 3 cases. Pulmonary infarcts 
were present in 2 instances. 

In the remaining 19 cases of this study, the pathologic diagnosis was that 
of thrombosis. The youngest of these was thirty-five years of age and the oldest 
seventy-three years. There were 8 females and 11 males. 

In all but 3 of these, cardiac failure was present to an obvious degree. As 
near as can be determined, the average time of failure was three months. Thus 
about 85 per cent of the cases were associated with cardiac failure extending over 
long periods of time. 

The 3 cases which had no failure are of interest. One had coronary disease 
with myomalacia ; another cerebral necrosis with a thrombus straddling the 
bifurcation of the inferior vena cava ; a third had a cerebral hemorrhage. 

In the cases then, in which myocardial failure was absent, other conditions 
were present which were sufficient to produce lethal exitus. In all instances the 
pulmonary thrombosis may be considered as a condition coming at the termina- 
tion of an otherwise fatal disease. 

In the cases of thrombosis there is again a striking paucity of cardiac 
arhythmia. Only 5 of the cases, approximately 25 per cent were fibrillating, 
and there was 1 case of premature beats. As in the process of embolism, 
auricular fibrillation is not a frequent companion of thrombus formation. 

Various types of cardiac disease are represented in this series. Hypertensive 
heart disease occurred in 13 instances, about 65 per cent. Eheumatic heart dis- 
ease appeared in 1 case. Syphilitic heart disease appeared 3 times. Coronary 
disease was present 2 times and chronic pulmonary emphysema once. When 
studied with respect to the number of these diseases admitted to the hospital it 
would seem that hypertensive disease is represented a little more than antici- 
pated and rheumatic heart disease a little less. Embolism is more often as- 
sociated with rheumatic disease and thrombosis with hypertensive disease 

Pulmonary infarcts were present in 13 instances, 68 per cent of the cases of 
pulmonary thrombosis, a much higher incidence than in cases of pulmonary 
emboli. 

The frequency of antemortem thrombi in the right side of the heart was 
studied. In 7 instances there were such thrombi present. In 4 cases the thrombi 
were in the auricles alone ; in 1 case in the right ventricle alone ; in 2 cases in 
both auricles and ventricles. 

In 3 additional cases there were thrombi in the venous system These 
thrombi were found in the inferior vena cava, the right iliac vein and the gastro 
epiploic vein. s 


The following cases are representative of this series • 

L. C., a negro male, forty years of age, was admitted Apr 19 1930 --a . 

1932. Ho had been failing for four months. His heart was enlarged,' gallop rhythm “llool 
pressure was 160/100. Clinical diagnosis: diffuse vascular disease, and congestive' carcSe 
failure. Anatomic diagnosis : nephrosclerosis, cardiac hvpertrnnW ti „ , , d ac 

artery, thrombosis right auricle and left ventride cL on e no * nght 

pulmonary infarcts. ’ passive c °*gestion, and multiple 
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E. N., a negress, thirty-six years of age, was admitted Feb. 21, 1929, and died Mar. 13, 
1929. She had had shortness of breath and swelling of ankles for two weeks. On examina- 
tion she had Cheync-Stokcs respiration, left-sided hemiplegia, enlarged left ventricle, with 
systolic murmur at apex. Blood pressure was 114/04. Clinical diagnosis: cerebral accident, 
and either embolism hemorrhage or thrombosis. Anatomic diagnosis: mitral stenosis, mural 
thrombi, right auriclo and ventricle, pulmonary embolus, patent ductus arteriosus, and 
encephalonialacin,* right. 

One of the purposes of a study of this kind is to increase diagnostic skill as 
a result of the classification of disease. From the diagnostic standpoint there is 
nothing particularly distinctive about these eases. If, in a ease of cardiac dis- 
ease the typical symptoms of pulmonary embolism appear, the diagnosis is 
simple. From the cases studied, however, it appears that this is not likely to 
occur. In heart disease the pulmonary emboli arc usually quiescent and give 
little manifestation of their presence, A similar statement can he made con- 
cerning thrombi. It can he said, none the less, that in a ease of prolonged 
cardiac failure, with repeated indication of pulmonary infarction, embolism, or 
thrombosis of the pulmonary vessels may he anticipated. This is in accord with 
the opinion expressed by Brenner 4 who in his report of 6 cases of thrombosis of 
large branches of the pulmonary artery, concludes that thrombosis usually 
occurs after severe congestive cardiac failure has set. in and produces no evident 
additional symptoms though it probably hastens the end. 

CONCLUSIONS 

1. Twenty-five cases of cardiac disease with embolism or thrombosis of the 
larger pulmonary arteries ai>e reviewed. 

2. Hypertensive cardiac disease is most frequently associated with pulmon- 
ary thrombosis. 

3. Rheumatic heart disease is most frequently associated with embolism of 
the pulmonary arteries. 

4. Auricular fibrillation was present in only a few cases. 

5. Diagnosis of these conditions usually must he made by inference. 
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MULTIPLE TUMORS*! 


Report op a Case 
W. L. McNamara, M.D., JIixes, I ll. 


W HILE the occurrence of multiple tumors in a single individual is of no 
definite scientific importance at this time, their presence, nevertheless, 
arouses interest and never fails to invite speculation as to the reason for their 
existence. 

Puhr, in 1926, published a study of a series of 6,718 necropsies performed 
during the preceding twenty-one years at the Second Budapest Pathological 
Institute, finding 1,559 cases of tumors. Two hundred and nineteen of these, 
or 14.04 per cent of the tumor cases, showed multiple growths. Puhr con- 
cludes from his assembled data that the occurrence of multiple tumors in the 
same individual is common enough to indicate the existence of a “tumor 
diathesis” either congenital or acquired. It is to be noted that in this series 
only five of the cases of multiple newgrowths show more than one tumor of 
the malignant variety. 

Egli, quoted by Murray, finds multiplicity of neoplasms in the same indi- 
vidual in 263, or 27.3 per cent, of 966 tumor cases, which were studied during 
a seven-year period at the Basel Pathological Institute. In twenty of these 
cases, multiple malignant growths were demonstrated. 

Harlitz, quoted by Murray, found 16 cases of multiple malignant growths 
in 524 cancer autopsies seen during the period of time from 1900 to 1915. 
These sixteen cases thus represented roughly 3 per cent of the total number. 

Murray states that thirty-two examples of multiple malignancy were 
found in a series of 4,219 examinations made at the Oslo Institute for the Nor- 
wegian Cancer Committee. Thus, multiple malignancy was encountered in 
1 per cent of the cases. 

Prom a study of the reports of these authors and of various statistical 
studies concerning the occurrence of malignant tumors, Murray concludes 
that the multiplicity of neoplasms is rare, particularly the coexistence of 
tumors of the malignant variety. He feels that there is probably inherent in 
one malignant tumor a tendency to inhibit the development of other malig- 
nant tumors. ° 


Tamakawa has reported a case of coexistent gastric cancer lun^ cancer 
kidney adenoma and neurofibroma of the suprarenal. Luchshmer reports 
coexistent cancroid of the forehead, bronchial cancer, malignant hypernenh 
romajmd osteochondroma of the lungs. Seecof found coexistent carcinoma 

Ho,riS r0m thC C,ta, « l Lnb0rat0 ^ Laboratory Center and Cancer Center. Edw. Hines. Jr . 
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of the lung and cai'ciuoma of the rectum, eacli producing typical metastases. 
Other cases of multiple tumors have been reported by Risak, Siebke, Ball and 
Reynolds, Perrotti, Jollcwer and otlicrs. 

We irisli to report a case of four different coexistent tumors found at 



Fig. 1. — Sixteen mm. obj. oc. 15 X camera 50 cm. X 300 reduced. Penile tumor showing forma- 
tion of epithelial whorl. 



Fig. 2. -Eight mm. obj. oc. 15 X camera 50 cm. x GP0 reduced. Hepatic tumor showing gradual 

transition from liver cords to the ill-deflned tumor columns. 

autopsy at the Edward Hines Jr. Hospital. This represents the only case 
showing multiple malignant newgrowths in a series of 364 autopsies. 

Case 1. J. C., white male, aged sixty-two years, entered the hospital December, 1030, 

complaining of extreme weakness and loss of weight; a recurrence of penile growth which 
had occasioned a subtotal amputation about six months previously. 
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Family History . — Revealed nothing of interest. 

Fast History . — Patient denied venereal infection. In 1024 a rodent ulcer of tlie left 
jaw was removed surgically. There had been no recurrence of this tumor. In October, 1929, 
a lesion appeared on the foreskin of the penis which was later diagnosed as “cancer” and 
for which a subtotal amputation of the penis was performed in .Tune, 1930. An ulcer on the 




Els. 4. — Pour mm. 


oc. 15 x camera 50 cm. 1200 X redueea. Liver tumor. Detail showing mi 


mitotic 


left check had been gradually enlarging over a period of ten rears until at +i. 

it is 1.5 cm. in diameter. Jears untl1 at the P^sent time 

Physical examination revealed an emaciated senile mem „ 
state. An nicer of approximately 1.5 cm. in diameter n-'i* * ^ 311 ex * reme cachectic 

2 tm. below the outer rontlius of tbe eye A lorcc r-iu'.-fZ w! ' lcft c ’ ,eek ilTirorimolelr 
.0.01.1 i.«l.., Tbo ..bo. .< ,bb 4u LSS “* r»- 
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The other physical findings were irrelevant. 

Clinical Co-ttrsc . — The penile tumor ami regional lymph nodes were repeatedly subjected 
to irradiation. Despite the treatment, the condition of the patient became steadily worse and 
death resulted on Jan. 7, 1931. 

Autopsy resulted in the following anatomic diagnoses: Epidermoid carcinoma penis 



Pig. 5. — Sixteen mm. oc. 15 X camera. f >0 cm. x 300 reduced. Kidney tumor showing well- 
d cflned line of demarcation between renal tissue and atypical tubule formation of neoplasm. 



Fig:. 6. — Eight mm. oc. la X camera 50 cm. x GOO reduced. Details of renal tumor. The 

atypical tubule formation is noted. 

with metastases to regional lymph nodes; adenocarcinoma liver; adenoma kidney, right; 
carcinoma, basal cell type, face; bronchopneumonia; arteriosclerosis, advanced, severe; 
nephritis, interstitial, chronic, vascular type; myocardial degeneration; chronic passive con- 
gestion of liver; atrophy spleen, senile; hypertrophy prostate, adenomatous; hyperkeratosis, 
senile, left face; dermatitis, senile, legs. 
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Description of gross appearance of organs which proved on histologic examination to 
he the site of distinctly different neoplasms. 

1 penis .- — The remnant of the penis was destroyed by a fnngating cnuhflowcTlikc 
crowth On section this tumor had a wnrtlike periphery, the inner portion bung penrly 
white and of a enrtilnginons consistency. The glands of both inguinal regions were dense 
and fibrosed but showed no gross evidence of tumor. 

o Li vcr ~\ firm, gravish white nodule .1 cm. in diameter was found on the antero- 
lateral margin of the dome 'of the right lobe elevating the capsule somewhat. Cross-section 
through this mass revealed a homogeneous grayish white pearly surface of almost cartilaginous 
consistency. It was not encapsulated. 

3 night Kirin eg . — This organ weighed 1-10 gm. A nodule 2 cm. in diameter was located 
in the middle third of the cortex and bulged beneath the capsule. Section through the nodule 
revealed a yellowish white, smooth, homogeneous cut surface. This tissue was found to bo of 
a firm consistency, but was not encapsulated although the edges were well defined. 

•4. Skin Lesion Noted on Face— A shallow nicer 1 cm. in diameter with elevated borders 



Fig. 7.— Sixteen mm. oc. 15 X camera 50 cm. X 300 reduced. Skin tumor. The epithelial in j 

vaslon of the lower strata is noted. 

of dense consistency was noted over the left molar region. The edge of the ulcer cavity was 
undermined. The base was filled with recent granulations. This lesion had the gross charac- 
teristics of a “rodent ulcer." 

Histologic Examination of Penile Tumor . — Examination revealed a proliferation of 
squamous epithelium which invaded the deeper layers of tissue in iong finger-like projections. 
The cells were well differentiated and contained much keratinization with the formation of 
epithelial “whorls.” Mitotic figures were few in number. 

Diagnosis . — Epidermoid carcinoma of penis. 

Histologic Examination of Liver Tumor . — A regular epithelial cell proliferation forming 
ill-defined columns which closely resembled liver cords was noted. The cells were large, 
some being round and others elongated in shape. These cells showed a cloudy cytoplasm and" 
a large open vesicular nucleus with a well-defined nucleolus. Mitoses were frequent. There 
was a definite wcll-marlced fibrous stroma which was well vascularized. Indefinite channels 
in many of which were small free masses of brown pigment, were formed between the cords 
of epithelial cells, probably in an ill-formed bile capillary. A gradual transition from the 
well-differentiated liver cell to the irregular atypical tumor cell existed without definite line 
of demarcation. 
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Diagnosis . — Adenocarcinoma o£ liver, 

Histologic Examination of Kidney Tnmor . — The epithelial proliferation tended to form 
columns and well-marked tubules of irregular sice on well -vascularized stroma. The cells were 
large and oval with cloudy reticular cytoplasm. The nuclei were large and hyperchromntic 
and contained well-defined nucleoli. No mitotic figures were seen. The line of demarcation 
between the kidney parenchyma and tumor tubules was definite although the tumor was non- 
eneapsulated. The latter lack the uniformity of true venal tubules both as to diameters and 
cytologic lining. 

Diagnosis . — Adenoma of kidney. 

Histologic Examination of Shin Lesion . — A well-marked proliferation of the lower layers 
of the epithelium infiltrated deeply into tho snbmucosa. The cells were small, some round, 
and some oval with hyperchromatic nuclei. These cells formed masses with pseudocolumnar 
margins and closely resembled those seen in the basal layer of epidermis. No mitotic figures 
were noted. 

Diagnosis. — Carcinoma, basal cell type. 

SUMMARY 

A ease is reported in which at autopsy was demonstrated the simultane- 
ous occurrence of four tumors, three malignant and one benign. Seven years 
previously the patient was operated upon for a rodent ulcer which did not 
recur. 
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CHOOSING A SERUM TEST FOR SYPHILIS" t 


William A. Hinton'. M.D.. Boston'. ILvss. 


I N ADDITION to considerable laboratory experience with several of the 
numerous modifications of the Wassermann test, and with some of the so- 
called precipitation or flocculation tests. I have applied these serum tests to the 
diagnosis and management of syphilis in the clinic. It is. therefore, from a 
point of view which combines laboratory and clinical experience that I wish to 
consider the problem of choosing a serum test for syphilis. 

The ideal or completely adequate test would be one which would give 
positive reactions in all cases of syphilis, and in no others. Thus, the first 
requirement for ideal adequacy would be that the test to be so sensitive as to 
detect the presence of syphilis from the beginning of the infection to the com- 
plete destruction of every Treponema pallidum in the body. According to pres- 
ent knowledge, no serum test can be expected to be entirely adequate in re- 
gard to this requirement because before the serum can give a positive reaction 
the Treponema pallidum must have resided in the body long enoueh to have 
evoked some sort of tissue response which directly or indirectly causes the de- 
tectable changes in the serum. Such changes rarely occur sooner than ten davs 
after infection. Furthermore, serum tests are lacking in adequacy, in that 
as yet no method has been devised which definitely indicates when the last 
treponeme has been destroyed. The second essential for an adequate serum test 
would be that it be specific in all cases. The occurrence of positive reactions 
with the serum of nonsyphilitie persons is obviously a serious fault. 


From a practical standpoint there are certain other essentials for ade 
qnacy. The test must be dependable; its technic should be of such a nature 
that it can be accurately executed by the average laboratorv worker the results 
being consistent from day to day and consistent with those obtained in other 
laboratories performing the same test. Furthermore, in addition to beine *en 
sitive. specific, and dependable, a method should be comparatively inexpen 
sire. However accurate a new method is, it will not receive -eneral reeo- 
mtion if the expense of performing the test is much greater than that of some 
of the excellent methods already in use. Finally, in order to survive %he 
method must be easy of execution, and easier still of interpretation. 

Since it is inconceivable, from present knowledge that anv t~f u 

completely adequate, one should be guided in the selection of ; te*t fer^Jh 
ills by its helpfulness to the physician. “ t0r S NP"- 


"From the Department ot Clinical Rwarvh mi,,. -r. 
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COMPLEMENT FIXATION TESTS 

Since the Wassermann reaction is the oldest and most widely known test, 
I shall speak first of its inadequacies : 

1. Lack of sensitiveness has taught able clinicians never to disregard un- 
mistakable signs of syphilis merely on the strength of a negative Wassermann 
reaction. Failures of the Wassermann reaction are approximately 50 per 
cent in the primary stage of the disease, arc few in the secondary stage, and 
vary between 40 and 60 per cent in the tertiary stage, depending upon treat- 
ment, duration, and so-called latency. 

2. A positive Wassermann reaction is not always specific for syphilis, be- 
cause certain acute respiratory infections, particularly pneumonia, and a few 
other conditions such as malaria and bacterial endocarditis, often cause positive 
reactions in individuals who arc not syphilitic. 

3. None of the many modifications of the Wassermann test is entirely de- 
pendable. Altogether too frequently there arises a situation in which a posi- 
tive report is received from one laboratory, and a negative report from another, 
even though both laboratories are using the same Wassermann technic on sepa- 
rate samples of the same blood. Still more perplexing is such an occurrence 
as a report of a positive reaction in a given laboratory, followed very shortly, 
without any clinical reason, by a report of a negative reaction in the same 
laboratory. 

In spite of these imperfections, we must not underestimate the immense 
contribution of the Wassermann reaction, for in doubling ability to detect the 
disease, it has, to date, I believe, done more to control syphilis than any other 
single factor. 

FLOCCULATION TESTS 

During the last ten years numerous tests have been devised for the pur- 
pose of increasing accuracy in the detection of syphilis and of more efficiently 
excluding it in differential diagnosis. Most of these new tests have made 
use of the principle, first stated in 1907 by Michaelis, and two years later af- 
firmed by Jaeobstalil, that the serum of a syphilitic person, when mixed with 
a suspension of suitably chosen lipoids, usually produces a change in the dis- 
persion of the lipoids, leading to flocculation; the term “flocculation” is used 
rather than “precipitation” because flocculation describes a change rather than 
defines a mechanism, as yet not fully understood. It is not difficult, to under- 
stand why so much progress has been made in the development of flocculation 
tests when one remembers that in order to effect, a positive reaction with syph- 
ilitic serums, only the admixture of lipoids is necessary. On the other hand, 
the Wassermann reaction or any complement fixation test requires, in addition 
to the lipoids and the serum to be tested, three different reagents (amboceptor, 
complement, and sheep's cells), all three of which are biologic products whose 
respective potencies have never been controllable with certainty. It is now 
generally admitted that the flocculation tests are more dependable, and in my 
experience they have proved more specific than any of the complement fixa- 
tion methods. 
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As a result of investigations of several flocculation methods in the labora- 
tories under my direction, it has been possible to make the following com- 
parable ratings in terms of adequacy, as expressed by sensitiveness and de- 
pendability. In a large group of cases studied it was found that the Eagle 
test possesses 72 per cent of the adequacy of the Hinton, the Kahn test 70 per 
cent, the Kline test from 71 to SO per cent, and the Wassermann test from 38 
to 46 per cent. The range of adequacy in the ease of the Kline test has de- 
pended upon whether the antigen used was prepared in Kline's laboratory or 
in my own laboratory. With the former I. obtained 71 per cent of adequacy, 
and with the latter I obtained 80 per cent of adequacy, as based on sensitive- 
ness and dependability. With Kline’s antigen which I prepared, however, 
the results suffered considerably in specificity, since there were several non- 
specific positive reactions. In the ease of the Wassermann reaction, the range 
was greatly influenced by the type of eases, the sensitiveness being greater 
among the cases of syphilis from venereal disease clinics than among those of 
neurosyphilis from psychopathic hospitals. 


It thus appears that in regard to sensitiveness and dependability there is 
little to choose between the Kline, the Kahn, and the Eagle tests. Accordinglv, 
other factors must determine the choice. Each of the tests that I have men- 
tioned presents certain difficulties. The Kalm test is admittedly difficult to 
read, although an unusual degree of accuracy in reading this test has been 
attained by those trained in Kahn’s laboratory. The Kline test presents very 
few technical difficulties that are readily discernible ; -however, in our hands 
it has had its good and bad days. The difficulty -with the Eagle test lies in its 
technic ; in a laboratory in which a large number of tests are done, centrifug- 
ing each tube is difficult and impractical. The greatest difficulty with the 
Hinton test is that despite its simplicity it must he performed with exactness 
and precision for the best results. This can be obtained only by practice - in 
the hands of a serologic technician with no experience with the Hinton test" 80 
to 90 per cent of adequacy can be obtained in less than a month, while the 
highest degree of accuracy in testing and reading usually requires experience 
of several months. Another practical disadvantage is the necessity of over 
night incubation. These obstacles, however, I believe are outweighed bv the" 
greater sensitiveness and dependability of this test. c 


I feel strongly on the question of adequate sensitiveness of a test for svnh 
ilis; I have seen much suffering and great expense caused bv a negative Was 
semann reaction which, with absence of clinical signs, caused the physician 
to conclude that the disease was not present, when aetuallv it existed in 
communicable form. Thurmon V figures show that during the first' week after 
the appearance of the primary lesion, the Hinton reaction of the blood 
negative in only 38 per cent of the eases studied ; that in the second week of 
the primary lesion only 14 per cent were missed by the Hinton test and that 
from the beginning to the end of the third week only 6 per cent of fLe. 
remained negative. It is a well-known fact that in f 

more than three weeks have elapsed since the berinnhm of thT h,?: T 

serum reactions are practically 100 per cent positive^ hx ^ eSlon ' 

method. * cent positne h y any worth -while 
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In addition to the value which sensitiveness has for the early detection of 
syphilis, it lias equal, if not greater, importance as an aid in the determination 
of cure. In the tests with which I have had experience, there lias been none 
except the Hinton test which, in a large group of cases, was always positive 
whenever the spinal fluid showed a positive reaction by accepted tests. 1 This 
is of great importance to the general practitioner particularly, for it means 
that when the Hinton reaction of the blood is negative one will he unable, by 
lumbar puncture, to disclose laboratory evidence of ncurosypbilis. 

INTERPRETATION OF STATISTICS 

In the determination of the adequacy' of a test, statistics, which for the 
most part must serve as the guide, are often misleading. The two chief rea- 
sons for this are: (1) frequently the eases upon which figures are based are 
insufficiently studied clinically, and (2) the statistics are often erroneously 
prepared. Any such study, to be valid, must be based upon a complete as 
well as a careful clinical examination of each case by experts in syphilology. 
I would, for this reason, exclude all other than institutional cases in a statis- 
tical investigation of the adequacy of any scrum test for syphilis. In refer- 
ring to erroneously prepared statistics, I have in mind particularly those 
indicating the percentage of agreement between two methods. I can illustrate 
a frequently occurring fallacy in statistics by the following: Suppose a labo- 
ratory were to test 1,000 nonsyphilitic bloods, using two given methods, one 
of which was absolutely insensitive. The results would agree unless, per- 
chance, one of the methods gave nonspecific reactions. If, using the same 
methods, tests are made upon 1,000 individuals, 10 of whom are definitely 
syphilitic, and 990 of whom are not, and one method finds the bloods of the 
10 known syphilitic individuals positive, and the 990 normal persons nega- 
tive its score will he 100 per cent. The method lacking sensitiveness finds not 
a single syphilitic’s blood positive, though it finds the 990 negative; its true 
rating would he nil, yet, according to prevailing statistical methods, it would 
be computed as showing 99 per cent of agreement, a totally misleading figure. 
Suppose, however, that one has the bloods from 1,000 syphilitics. A given 
method finds 900 of these bloods positive ; another test finds only 600 of these 
bloods positive. The accuracy of the first method is 90 per cent, whereas the 
accuracy of the other method is only T 60 per cent. It is, therefore, manifest 
that in prepai-ing statistics on the adequacy of a method, by comparison with 
another test, one must have, as a basie figure, the number of persons known 
to he infected. The efficacy of any r method must be determined primarily on 
the basis of the number of actual syphilitic patients, and secondarily on a 
control group consisting of a sufficient number of nonsyphilitic persons to 
demonstrate that the test gives no nonspecific reactions, or, at most, only an 
occasional one. 

FAITHFUL EXECUTION OF AN AUTHOR’S TECHNIC 

Having chosen a method because of belief in its adequacy, as manifested 
by r its sensitiveness, specificity, and dependability, it is incumbent upon the 
worker to execute each step of the test in the exact manner prescribed by the 
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author. There are several reasons for this caution, which might perhaps bet- 
ter be called “admonition.” Before publication of his test, the author has 
carried on hundreds of experiments to perfect his technic, llis directions 
and instructions are based on the technic be has found most successful, and 
no ehange should be made except on the basis of equal or more painstaking 
research. I recently read an abstract of an article on the Hinton test which 
stated that the sole advantage of the test was that it was easier to perform, 
but that it was no more sensitive than the Wassermann test. There was, 
however, a statement in the article that 0.1 c.c. and 0.3 c.c. of serum had been 
used in the Hinton test, instead of 0.3 c.c. and 0.5 c.c. of scrum as directed. 
In my experience, fully 30 per cent of the specimens that give a well-marked 
characteristic reaction with 0.5 c.c. of serum are negative when only 0.3 c.c. 
is used. My selection of 0.3 c.c. and 0.5 c.c. was based on an examination of 
several thousands of bloods of persons who were investigated clinically as 
well as serologically. 

Besides strict adherence to technical details, each worker must remember 
that as sensitiveness of a method increases there must be increasing precision 
in its execution. The Hinton test, which has proved, in my hands, more than 
twice as sensitive as the "Wassermann test, is perceptibly affected by slight 
differences in the temperature of incubation, whereas the same temperature 
variations have had no discernible effect on the Wassermann test. In diluting 
antigen for the Wassermann test, I have not been able to discover any marked 
difference in the result when slight variations of the method have been made. 
In the Hinton test, however, in three laboratories under my direction the 
slightest variations in diluting the indicator (I prefer to call it indicator 
rather than antigen) have caused inconsistencies in the results. Several 
months ago I designed a special flask 3 for the purpose of diluting indicators 
and as a consequence the three laboratories almost invariably obtained the 
same results when the same specimens of blood were tested. 

< . 

I have recently simplified the technic of the Hinton test (third, modifica- 
tion). 4 This simplified method, which has been in operation in my labora- 
tories for the past six months, is being maintained because it is superior in 
sensitiveness and specificity to my former methods. Its description, according 
to the statement of my students, sounds difficult and austere, hut' after tliev 
have actually performed the test their response is that it is very simple The 
reason why the test sounds difficult is that I have made the directions as 
explicit as I could; each admonition represents a pitfall, the discovery of 
which has occupied days, weeks, months, or in some instances even years 


SUMMARY 


The chief value of a serologic method of testing for syphilis lie, „ , • t 
degree of sensitiveness, specificity, and dependability • tl^ease of evee ^ 
and interpretation, as well as economy in cost are i f execution 
Flocculation methods fulfill these requirements best Oftlin^ ^ lfic! ! tl0ns ' 
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studies, rather than on simple comparisons with the 'YVnssermann or any other 
test. Whatever method is chosen, best results will almost invariably follow 
from the closest adherence to the author’s directions. 
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STUDIES ON HEMOLYTIC STREPTOCOCCI ISOLATED 
FROM HEMORRHAGIC SMALLPOX® 


L. AY. Fisiier, Lafayette, Ind. 


P OSSIBLY no group of bacteria can claim more varied and more numerous 
types of pathogenic activity than the streptococci. Although these micro- 
organisms arc easily recognized, because of their morphology, the possibilities of 
their unwarranted behavior are always a source of interest to the research worker 
in these fields. 


The hemolytic streptococci are responsible for inflammatory and suppura- 
tive conditions which vary greatly in severity and effect. Such lesions range 
from trivial localized inflammations of transitory duration to those of great 
intensity, spreading rapidly to the tissue spaces by way of the blood. Exogenous 
infection, associated sometimes with epidemic spread, is a conspicuous feature of 
certain diseases due to the hemolytic streptococci, and virulent, strains may pro- 
duce sudden and fatal septicemia without any apparent lesion at the site of the 
initial infection. Following Jenner’s 1 notable work on smallpox, there was a 
series of attempts to prove the bacterial origin of variola, and the literature on 
the contents of vesicles is large and embodies a variety of opinions. Many bacteria 
have been described in this connection, some of them new, others old and well- 
known forms. Among the researches in this field, we find the works of Garre, - 
Protopopoff , 3 Waele and Sugg , 4 Perkins and Pay , 5 and Hines,® dealing with the 
vaiious phases of smallpox and their relations to the streptococci. 

Because of these facts the present studies have been undertaken, not to 
prove the organism in question to be the etiologic factor, but rather to study its 
cultural, morphologic, serologic, and immunologic characteristics, and thus 
classify the different strains by their reactions to the several stimuli. 
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CULTURAL HISTORY 


In the course of a rather severe epidemic of smallpox which occurred in 
Detroit several years ago (1924), the opportunity presented itself to study, cul- 
turally, fatalities, the result of hemorrhagic smallpox. The epidemic was wide- 
spread and the individuals observed were from various parts of the city. Each 
patient entered the hospital as a confluent type and the hemorrhagic develop- 
ments appeared from four to eight days after admittance. The strains when 
cultured on blood agar were hemolytic, and when examined macroseopieally, 
the colonies were similar. In all, 9 strains were isolated and for purposes of 
identification have been designated as “Var.,” while those forms from scarlet 
fever, erysipelas, and puerperal septicemia have been identified by number only. 

All cultures isolated from sources of fatal hemorrhagic smallpox were from 
adults, ranging in age from twenty-eight to forty years, none of whom gave any 
history of vaccination. Pure cultures were obtained in every instance although 
this fact is not stressed as being of significance as an etiologic factor. Strains 
isolated from puerperal septicemia were obtained from the blood of patients 
who later died. Streptococci obtained from erysipelas were in one instance 
(02168), a blood culture from a fatal terminus, and in the other (02005) a 
culture from a skin lesion. Both of these strains show high cross agglutinating 
titer with the Birkhaug strains. Those streptococci isolated from authenticated 
instances of scai-let fever were from throat cultures and both strains produce 
specific toxin of a high titer. 


In the isolation of streptococci one requisite is that the culture medium be 
fresh and that its composition be such that the organism in question will grow 
satisfactorily. A great variety of both fluid and solid mediums have been advo- 
cated by research workers, most of them making use of tissue extracts of brain 
kidney, or spleen. Previous experiments in the isolation of streptococci led to 
the conclusion that veal broth and the brain liver media of Hibler ^ave most 
satisfactory results. The standard veal broth was prepared, containin'* the 
aqueous extractives of 500 gm. of lean chopped veal, 5 gm. of c. p. sodium 
chloride, and 10 gm. of Witte’s peptone per liter. Dextrose in the amount of 
0.2 per cent was added. The final reaction was adjusted to P„ 8.0 and the 
broth distributed into 500 c.c. flasks, each containing 200 c.c. The tissue medium 
of von Hibler 7 as modified by Goss, Barbarin and Haines 8 was also employed 
in making blood cultures. ! 


The blood was drawn at the bedside under aseptic conditions from the 
median basilic vein and transferred immediately into culture medium A 
quantity of 2 c.c. was added to the veal infusion bouillon and a like amount to 
the flasks containing the Hibler medium. The seeded flasks were taken at once 
to the laboratory and 1 c.c. of the diluted blood added to a mixture of 5 per cent 

fS' S"’!* , b 'r° d “t 2 P “ **“’ agitated and poured into 

sterile Petri dishes. The resulting mixture represented a 1-100 dilution of tn! 

original blood. The plates veal bouillon, and the Hibler ^ 
IZZloJX y m m ‘ S at 37 ° after ** -ere examined 
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In every instance a pure culture of Streptococcus hcmohjticus was obtained 
from both the fluid and solid mediums. The blood plates never showed less than 
400 and in several instances the number was as large as 900 organisms per c.c., 
computed on the basis of the original sample. Well isolated, typical single 



Ftp. 1.— Cultures from blood of individuals suffering from hemorrhagic smallpox. Both solid 
and liquid mediums. Strain Var. S, twenty-four-hour bouillon culture. G.. violet. X150«- 



Trig. 2. — Cultures from blood of individuals suffering- from hemorrhagic smallpox. Both solid 
and liquid mediums. Strain Var. S, twenty-four-hour blood agar culture. G. violet. 

colonies, appearing on the blood plates, were selected and subcultures were made 
on blood agar slants, veal bouillon, and whole defibrinated sheep blood. 

morphologic and cultural characteristics 
The baetexiologic literature is crowded with classifications of organisms of 
every sort, based usually upon their metabolic activities, morphology, pathogenic 
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properties, manner of growth, and their ability to produce toxins, either soluble 
or insoluble. Numerous tests have been devised by thoughtful investigators to 
determine the type of organism under consideration. There occur, however, 
many criticisms of these classifications and as yet no general agreement has been 
reached relative to their respective values. In view of the various methods of 
classification and the apparent dissention among workers in this field as to their 
merits, it is not the intention of the author to attempt to classify the organisms 



Fig. 3. — Cultures from blood of Individuals suffering from hemorrhagic 
solid and liquid mediums. Strain Var. 3, twenty-four-hour bouillon culture. 
X1500. 


smallpox. Both 
Negative strain. 



Fig. 4. — Cultures from blood of individuals suffering frnvn . 

solid and liquid mediums. Strain Var. 3, blood smear trom rahbit”iSff ha ^ c smaUpox - Both 
culture. Wright’s stain. X1500. Irom rabtlit B»ven 2 c.c. of a bouillon 

in question by any certain concise methods, but to give a true picture of the 
reactions on different culture mediums according to the various workers 

The growth and morphology of each strain of Streptococcus varioloe iso- 
lated, and cultures of streptococci from senrlot - , 

«*<— . wove cWnotca, 

agar. The data which are presented in Tihlo T cop «. • t ^ blood 

tot little variation botoeon ,ho s ,SS. ™ ««“ »■» is 




Table I 

Morphologic and Cultural Characteristics of Streptococci Tsolatfd From Smallpox, Scarlet Fever, Erysipelas, and Puerperal Septicemia 
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It appears from Table 1 that all the strains isolated from hemorrhagic 
smallpox were, in the main, very similar and indistinguishable culturally from 
other hemolvtic streptococci, such as those from scarlet fever, puerperal 
septicemia, and erysipelas. They produce small, smooth colonies with hemolytic 
zones of varying diameters. Grown in veal bouillon they have a tendency to 

settle to the bottom in a flaky sediment. 

The cells in strains 01841 and 01730, isolated from scarlet fever, were some- 
what smaller than those isolated from the patients with %aviolac. In gcnei.il, 
the strains from hemorrhagic smallpox produced a much wider zone of hemoh sis 
than the others studied. 

Pigs. 1 to 4 show photomicrographs of 2 strains of streptococci isolated 
from smallpox cultured on solid medium, in bouillon, and also a direct blood 
smear from a rabbit. 

FERMENTATION' REACTION'S 


Although the many authors who have carried out research on the fermenta- 
tion reactions of the different streptococci are at variance in their opinions rela- 
tive to the merit of this test, there is no doubt that characteristics thus established 
for the many strains of these organisms serve as a valuable aid in differentiating 
between the predominant types. Comparatively few have considered all criteria 
in classifying the strains studied by them. The Germans have given special 
attention to the morphology of the streptococci and their appearance on blood 
agar; the English have made an exhaustive study of the fermentation reactions 
of these organisms, while the Americans have divided their attention between 
one or the other set of characters. It is obvious that any research on the subject 
of the fermentation reactions of the streptococci must take into consideration 
certain essential precautions if reliable results are to be obtained. In these 
tests special care was exercised in the selection of the test substances in order 


that they be pure, sufficient time for the fermentation was allowed to elapse, 
and none of the test substances was injured by overheating. 

All strains of the streptococci tested were first grown for 10 generations 
in veal infusion bouillon, P H 8.0, and tested daily for purity. They were then 
transplanted for 3 generations on blood agar after which they were transferred 
to the carbohydrate medium. Double strength broth was made sugar-free in the 
usual manner, using B. coli as the fermentating agent. After complete fermenta- 
tion the broth was filtered through a sterile Berkefeld filter, adjusted to P H 8.0 
and to every 200 c.c. of the sugar-free broth, 4 c.c. of Andrade’s indicator, to- 
gether with 4 c.c. of the test substance, was added. This was sterilized in flow- 
ln g steam for twenty minutes on three successive days, cooled, and 200 c.e. of 
serum water (1 part horse serum to 300 parts of sterile distilled water) added 
un et aseptic conditions. The finished carbohydrate serum broth was then 
^ )ncubatecl several days to insure sterility. Acid production caused 

recorOr./^Tm^lT f the Ust suhstance was noted the color change and 
ctW; ~ V ia > c shows the results of the fermentation action of the different 
ns of streptococci being studied. 

Pox ntn! 1 tbat With one exee P tion all organisms isolated from small- 

egative for lactose, while the control strains from erysipelas, scarlet 
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Table II 

Fermentation Reactions of tiie Streptococci From Smallpox, Scarlet Fever, 
Erysipelas, and Puerperal Septicemia 


CULTURE 

SOURCE 

« 

CO 

o 

i— • 

6 

o 

50 

DEXTROSE 

K 

Eri 

s 

£ 

<< 

LACTOSE. 

£ 

O 

CO 

D 

£ 

*-• 

« 

CO 

o 

B 

> 

»-3 

K 

CO 

o 

■< 

w 

o 

K 

CO 

o 

s 

s 

CO 

q 

I-* 

> 

63 

CO 

g 

>— 

o 

a 

& 

s 

o 

Var. 1 

Sm. Px. 

+ 

+ 


— 

+ 

— 

4- 

4- 

- 

— 

4 - 

- 

Var. 2 

Sin. Px. 

4 * 

+ 

- 

- 

+ 

- 

+ 

+ 

- 

- 

4 * 

- 

Var. 3 

Sm. Px. 

4- 

+ 

- 

- 

+ 

- 

+ 

+ 

- 

— 

+ 

- 

Var. 5 

Sm. Px. 

+ 

4 - 

+ 

+ 

+ 

- 

+ 

4 - 

- 

— 

+ 

- 

Var. 6 

Sm. Px. 

+ 

+ 


- 

+ 

- 

4- 

+ 

- 

- 

+ 

- 

Var. 7 

Sm. Px. 

4- 

+ 

— 

— 

+ 

— 

+ 

4- 

— 

— 

+ 

- 

Var. 8 

Sm. Px. 

4 - 

+ 

— 

- 

+ 

- 

+ 

4 * 

— 

— 

+ 

- 

Var. 12 

Sm. Px. 

4 * 

4 - 

— 

— 

4- 

— 

4- 

+ 

— 

— 

+ 

- 

Var. 14 

Sm. Px. 

+ 

+ 

— 

- 

+ 

— 

4 * 

+ 

— 

— 

+ 

- 

01730 

Scar. 

4- 

4 - 

— 

T 

4- 

- 

4- 

+ 

— 

— 

+ 

- 

01S41 

Scar. 

4* 

4 - 

— 

+ 

+ 

— 

4- 

4* 

— 

— 

4* 

- 

02168 

Pry. 

4- 

4- 

— 

+ 

4- 

— 

+ 

4. 

— 

— 

+ 

- 

02005 

Ery. 

4- 

4 - 

— 

4 - 

+ 

— 

4 - 

+ 

_ 

— 

+ 

- 

02224 

Pucr. 

4 - 

+ 

— 

4 - 

4 

— 

+ 

+ 

_ 


+ 

— 

02087 

Puer. 

+ 

4 - 

- 

+ 

+ 

- 

4 . 

4 - 

- 

- 

4 * 

- 


fever, and puerperal septicemia all ferment lactose. This action, together with 
the action on the other test substances, would place the streptococci from small- 
pox under the head of Streptococcus cqui, according to Holman’s classification. 
The six comparative strains, would according to the same scheme, fall into that 
group, usually referred to as Streptococcus pyogenes. However, a careful re- 
view of numerous authors on the subject of Streptococcus cqui shows such a 
variance of opinions that one is at a loss to know the tme characteristics of the 
organism in question. In addition, each culture was planted in litmus milk and 
observed during a period of two weeks. The data are presented in Table III. 

Table III 


Action of the Streptococci on Litmus Milk 


CULTURE 

SOURCE 

ACIDITY 

COAGULATION 

REDUCTION 

Var. 1 

Sm. Px. 


— 

- 

Var. 2 

Sm. Px. 

— 

— 

- 

Var. 3 

Sm. Px. 

- 

- 

- 

Var. 5 

Sm. Px. 

Faint, 14 hr. 

+ 

- 

Var. 6 

Sm. Px. 

- 

— 

- 

Var. 7 

Sm. Px. 

- 

- 


Var. 8 

Sm. Px. 

- 

- 

“ 

Var. 12 

Sm. Px. 

- 


“ 

Var. 14 

Sm. Px. 

- 


“ 

021GS 

Ery. 

+ 

- 

~ 

02005 

Ery. 

+ 



01730 

Scar. 

+ 

- 

~ 

01841 

Scar. 

+ 



02224 

Puer. 

+ 

— 

‘ 

02087 

Puer. 

+ 

“ 



From Table III we find that those strains of streptococci isolated from 
smallpox show no acid production in litmus milk while the comparative strains 




FISHER : HEMOLYTIC STREPTOCOCCI ISOLATED FROM HEMORRHAGIC SMALLPOX 2S7 

all show marked acid production in twenty-four hours. This reaction according 
to Jones” and Mathers, 1 " is characteristic of Streptococcus cqui but is con- 
tradicted bv the work of Besson” mnl Bcvgcv- Such opinions make a definite 
classification impossible. The fact that the strains of strcplocoeci from smallpox 
vary among themselves and from the strains used as controls in their ability to 
ferment certain differential substances and their action on litmus milk, does 
indicate, however, that the strains in question arc different from those usually 
classed as Streptococcus pyogenes. 


VIRULENCE 

The most significant property possessed by certain of the streptococci is 
that of dissolving red blood cells. The fact that this hemolytic action is confined 
to certain types of streptococci and not possessed by others serves as a method 
of classification and to some extent, bears a definite relation to the virulence of 
the organism. A review of the literature including the works of Roily, 
Besson, 11 and McLeod, 14 shows a difference of opinion, relative to the direct 
relation between hemolysin production and virulence. 

In order that the virulence of the strains be at a maximum, they were 
serially transferred at twenty-four-hour intervals for 10 generations in 5 per 
cent horse serum broth, P„ 8.0. The culture representing the tenth generation 
was then injected into vdiite mice which were subsecpiently killed. The heart 
blood was then transferred into tubes of serum broth and after twenty-four- 
hour incubation at 37° C., a portion of the bouillon was injected into a second 


Table IV 

Yip.ulence Tests. Hemolytic Streptococci Isolated From Smallpox 
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mouse. This teelmic was repeated until the virulence of each strain was at a 
maximum. Table IY contains the results of these experiments. 

It would appear from Table IV that no strain of the streptococci isolated 
from smallpox is of high virulence for mice. Only 1 strain killed in a 1:100 
dilution and the remaining strains killed only in a 1:10 dilution. It is to be 
noted that these strains arc of a relatively low virulence when compared with 
those killing mice in dilutions of 1:100,000. 

AGGLUTINATION EXPERIMENTS 

The various immunity reactions so frequently employed for diagnostic pur- 
poses, such as agglutination, complement fixation, and bacteriotropine tests, give 
the most convincing evidence of biologic grouping. Many strains of bacteria, 
although indistinguishable by cultural methods, may be divided into separate 
gi'oups. In the study of the hemolytic streptococci there seems from the begin- 
ning, some basis for an immunologic grouping of these organisms. 

The immune scrums used in the serologic tests were obtained by the im- 
munization of rabbits weighing approximately 2,000 gm. Previous experience, 
Ferry and Fisher, 15 showed that individual rabbits immunized intravenously gave 
less variation and more constant results than those immunized by other methods. 
Each animal was given 3 intravenous injections of killed germs suspended in 
saline, preceded by one desensitizing injection, given subcutaneously. Five days 
after the last injection the rabbits were bled. The first, or desensitizing injec- 
tion, given subcutaneously was 0.5 c.c. followed by 1 of 1 c.c. and 2 of 2 c.c. each, 
given intravenously three days apart. Two rabbits were treated with each of 
the 15 strains of streptococci being studied, after tests for agglutinins had been 
made against scarlet fever streptococcus 01730, puerpural septicemia 020S7, 
erysipelas 02168, and smallpox Var. 3 and Yar. 8. No rabbit was used whose 
serum showed any degree of agglutination in amounts less than 1 :20 dilution. 
The suspensions to be used as antigens were grown in 100 c.c. quantities in a 
0.1 per cent glucose broth, P H 8.0, for twenty-four hours. The cultures were 
then eentrifugalized and the sediment washed with saline to prevent the produc- 
tion of agglutinins to the protein constituents of the medium. The sediment was 
then taken up with normal saline solution containing 0.4 per cent tricresol and 
standardized in such a manner as to correspond to a suspension of 1,000,000,000 
organisms per c.e. as this was found to be a safe dose for rabbits and compares 
closely to the count of broth cultures. 

Agglutination tests may meet with difficulties on account- of the tendency 
of streptococci to form clumps. The tendency of the streptococci isolated from 
smallpox to show spontaneous agglutination was overcome by using care in the 
preparation of the organisms to be used in the agglutination reaction. The broth 
was made from selected meat, and in place of the usual sodium chloride a suf- 
ficient quantity of dibasic sodium phosphate mixture was added to give the 
desired isotonicity and P H . The organisms were removed from the culture 
medium by centrifugation and washed in broth prepared in the manner previ- 
ously described. They were resuspended in the same type medium in approxi- 
mately the concentration that was used in the agglutination reaction. The 
clumps were broken down by vigorous shaking and 0.5 per cent solution of 
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formalin added to kill the organisms. The .suspensions oi the controlling strains, 
while showing less tendency toward spontaneous agglutination, were prepared 
in the same manner ns were the strains isolated from smallpox. 

The serums employed in the tests were made up to the various concentra- 
tions by dilution with the same broth vised for suspending the bacteria. Loch 
reaction was controlled by a series of both normal serum, and suspension in the 
absence of serum. Ecjual quantities of dilute serum and bacterial suspensions 
were added to each tube and placed at 37° C. for eighteen hours. If this pro- 
cedure is carefully followed there is less chance of nonspecific granulation oc- 
curring. If clumping develops in the broth control or in more than the first 
few normal serum controls, the test must be discarded. 

Homologous and cross agglutinations were run with the 5) strains of small- 
pox streptococci and 2 each of scarlet fever, puerperal septicemia, and erysipelas 
streptococci. Table V gives the highest dilution of a specific serum showing 
definite agglutination against its homologous and heterologous strains. The 9 
strains of streptococci from smallpox did not cross agglutinate to any appreciable 
extent with those from scarlet fever, puerperal septicemia, or erysipelas. There 
was, however, cross agglutination in high dilutions between the several strains 
from smallpox. 

COMPLEMENT FIXATION REACTIONS 


The principle of complement fixation has long been utilized in bacteriologic 
investigations, for determination, in the serum, of specific antibodies. Although 
a classification of streptococci on the basis of complement fixation has not proved 
as valuable as agglutination tests, it has been employed by many investigators 
to establish a natural classification of these organisms. In these studies, 
homologous and cross complement fixation tests were carried out with the same 
cultures as those used for agglutination, with three exceptions, due to the anti- 
eomplementary action of antigens prepared from Var. 5, Var. 8, and 02005. 


Antigens were prepared in. the following manner : Each culture was grown 
for twenty-four hours on 0.2 per cent dextrose sheep serum agar, P tt 8.0, in 
Roux flasks. The growth was washed off in 15 c.c. of normal saline solution and 
made up to 50 c.c. per flask. Each suspension was shaken for fifteen minutes 
■md the remaining clumps allowed to settle for several hours. The supernatant 
•I'd, containing the organisms was then decanted off, heated to 56° C. for one 
mur and killed with 0.5 per cent phenol. Stable antigens of all cultures, with 
c noted exceptions, were prepared by this method. They were nonhemolytic 
in quantities of 0.5 c.c. of a 1:5 dilution, nonantieomplementary in workable 
muts, and comparatively high in antigenic value. The amount of antigen used 

was rom 2 to 4 times the antigenic unit, usually 4 times, depending on the anti- 
complementary unit. 


■ ■ t0st . s 1v f re made by an adaptation of the Kolmer 10 technic, the quantita- 

immimn Ci r Unatl °^ S > bei ” S carried out with decreasing amounts of inactivated 
fixation stmW mn? to TabIc Vr onc the te®»Ks of the complement 
nuinized with V , The avcra ? e of the hi S hes t dilutions of the two rabbits im- 
Parison nf 4 V a SpCC f C stram JS <aken as an index in each instance. A eom- 
ngglutinationTests! 811 tS th<lt ^ rUn ‘ ab ° Ut parallcl ™ th ««** of the 
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Table VI 

Complement Fixation AVitii the Streptococci 


Highest Dilution or Serum Showing Fixation Against Antigens or 


j 

ANTISERUM 5 


STREI’TO COCCI FOR 

SMALLPOX 


SCARLET 

FEVER 

ERYSIP- 

ELAS 

PUERPERAL 

septicemia 

FOR ; 

VAR. 

1 

VAR. 

o 

VAR. 

3 

VAR. 

0 

VAR. 

7 

VAR. 

12 

VAR. 

14 

01730 

01841 

021GS 

020S7 

02224 

Var. 1 i 

soo 


SO 

looo 

G00 

soo 

soo 

SO 

GO 

50 

GO 

CO 

Var. 2 ; 

soo 

1000 

so 

G00 

500 

500 

GOO 

SO 

SO 

00 

Kill 

GO 

Var. 3 j 

GOO 

600 

200 

500 

soo 

GOO 

SOO 

GO 

SO 

GO 

GO 

GO 

Var. 5 • 

500 

400 

SO 

600 

1000 

GOO 

G00 

GO 

CO 

CO 

GO 

GO 

Var. G 

GOO 

500 

SO 

1000 

800 

GOO 

SOO 

CO 

CO 

50 

50 


Var. 7 

800 

600 

100 

SOO 

2000 

GOO 

SOO 

GO 

50 

GO 

50 


Var. S 

GOO 


so 

500 

GOO 

200 

500 

GO 

50 

GO 

80 


Var. 12 

SOO 


so 

GOO 

SOO 

1000 

SOO 

80 

100 

GO 

GO 

SO 

Var. 14 

800 


so 

soo 

SOO 

400 

GOO 

GO 

SO 

CO 



01730 

60 

60 

50 

50 

GO 

SO 

GO 

3000 

1000 

COO 



01841 

60 

SO 

60 

50 

SO 

GO 

50 

SOO 

800 

GOO 

COO 


0216S 

GO 

SO 

50 

so 

GO 

GO 

50 

SOO 

400 

1000 

GOO 


02005 

GO 

GO 

50 

GO 

GO 

60 

GO 

GOO 

500 

400 

500 


020S7 

GO 

SO 


GO 

GO 

GO 

SO 

GOO 

GOO 

GOO 

1000 


02224 

60 

30 

GO 

! GO 

SO 

GO 

GO 

COO 

SOO 

SOO 

SOO 



TOXIN PRODUCTION 


During the last decade an exhaustive study of the streptococci and their 
soluble toxins has occupied a major portion of the time of many workers. In 
spite of extensive research upon the nature of the poisons produced by these 
microorganisms, our knowledge is still incomplete. The grave systemic symptoms 
often accompanying streptococcus lesions argue strongly for the production, by 
these organisms, of a powerful, diffusable, toxic substance. The toxins pro- 
duced by the streptococci differ from most other true bacterial toxins in beimr 
thermostable. Many preparations will withstand boiling, and some may be 
.’O’ ed for an l ,om ' without entirely losing their capacity for skin reactions, 
nasmuch as laboratory animals are not highly susceptible to the toxin, its 
standardization is limited at present to tests on susceptible human beings. ’ 

The question as to whether the streptococci isolated from hemorrhagic 
•ma pox would produce a soluble toxin, thus presented itself as worthy of 
consi eration. Was the fatal outcome of these cases due to a bacteremia, to a 
JtT’-°n t0 a combination of the two? The toxin production was carried out 
sdeetedt y / re ^ rCd medium - Veal infllsicn "a. made from carefully 
per cent Wm’ ^ Smit ° are WaS used to remove all fat from the broth. One 

Svothtiteld toP^Tr 5 PG r CCnt SOdi r Chl ° ride ' C ‘ P ' WGre used and the 

with 11 8 : The mcdlUm was placed m 200 c.c. quantities and seeded 

of strcpt T ci isoiated from «■* 

at 37° r v. } \ fevcr ’ er 3'sipelas, and puerperal septicemia. Incubation 

tX BiCS T fi ,r f0r f, ^ Stored <»Ch 

the safe,,- ot °" d * M,S ^ <™t to 

*7 “ ‘‘n Training School. 

tea ranging m age from eight to sixteen years with an average 
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of twelve years. Both sexes were represented, although males predominated. 
Only those reactions which were positive to strongly posititve were accepted 
and reactions under 1 cm. in diameter were regarded as negative. 


Table YII 


Cutaneous Tests With Toxins or the Streptococci 



1 

LEFT 

A KM 


| RIGHT ARM 


VAR. 3 

1:300 

VAR. 7 

1:300 

VAR. 8 

1:300 

01730 

1 :2000 
SCAR. 

0216S 

1:250 

ERA'. 

02224 

1:300 

rUER. 

CONTROL 

1:250 

HEATED 

1. Y, R. 



lxl 



2x2 

2x2 


2. R, E. 


2x2 

lxl 



2x2 



3. J, K. 







lxl 


4. P, M. 

1.5 x 1.5 

1 X 1 

lxl 



O y O 

1.5 x 1.5 


5. S, Iv. 






2x2 

lxl 


e. s, m. 






2x2 

1.5 x 1.5 


7. B, D. 



lxl 

1 x 1 

2x2 

lxl 

2 x 1.5 


S. A, H. 


1.5 x 1.5 

2x2 

2x2 

lxl 

2x2 

1.5 x 1.5 


9. M, M. 




| 


2.5 x 2.5 1 

1.5 x 1.5 


10. L, R. 

1 x 1 

1.5 x 1.5 

2x2 


1.5x2 

2.5 x 2 

2.5 x 2 


11. S, E. 









12. K, L. 




lxl 


lxl 

lxl 


13. Z, I. 

lxl i 

lxl 




lxl 

lxl 

lxl 

14. A, S. 

lxl 

lxl 

lxl 

lxl 


1.5 x 1.5 

lxl 


15. D, W. 






lxl 

lxl 


10. A, A. ! 


lxl ] 

1.5 x 1.5 

lxl 


1.5 x 1.5 

1.5 x 1.5 


17. A, G. 

lxl 


lxl 

lxl 

2x2 

3x2 

2x2 


IS. J. H. 


lxl 




lxl 

lxl 


19. J, E. 

lxl 

lxl 


lxl 


; lxl 

lxl 


20. P, A. 

2x2 i 

3x3 

2x2 

3x3 


2x2 

2x2 


21. F, C. 

lxl 

2x2 

2x2 

2x2 

2x2 

t 2x2 



22. H, A. 


1 







23. F, J. 









24. D, R. 

2x2 

3x3 

2x2 

2x2 

2.5 x 2 

2x2 



25. D, T. 


lxl 

lxl 


lxl 

lxl 



26. D, G. 


2x2 

lxl 

lxl 

lxl 




27. H, O. 


lxl 


lxl 

lxl 

lxl 



2S. B, H. 









29. S, E. 


2x2 



1 x 1 




30. M, J. 


lxl 

lxl 

lxl 

lxl 

1.5 x 1.5 



31. S, L. 

1.5 x 1.5 

2x2 

2x2 

2x2 

lxl 

lxl 



32. K, N. 

1.5 x 1.5 

1.5 x 1 

1.5 x 1 

1X1 

1.5 x 1.5 

1.5x2 



33. S, J. 



1 


lxl 




34. K, G. 


lxl 

lxl 

lxl 

lxl 

lxl 



35. M, J. 


1 







36. M, M. 


1 



1.5 x 1.5 

1.5 x 1.5 




The results of skin tests with the toxins of S strains of streptococci isolated 
from hemorrhagic smallpox and 1 each of the comparative strains, may be seen in 
Table YII. The control toxin in each instance was heated at- 100° C. for thirty 
minutes in the autoclave. Varying dilutions of the filtrates were made, and 
subcutaneous injections, given on the forearm of the individuals tested, were 
read in twenty-four hours. Dilutions were made so that 1 c.c. of the original 
filtrate would contain 3,000 skin test doses. The toxins from 01730, scarlet 
fever, 02168 erysipelas, and 02224 puerperal septicemia, had all been previously 
neutralized with convalescent serum and also by horse antitoxin produced by 
injection of organisms from scarlet fever (Dick), erysipelas (Birkhaug), and 
puerperal septicemia (Birkhaug). 
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A study of the table would seem to indicate some relationship between the 
smallpox strains and those of the streptococci from erysipelas and puerperal 
septicemia. Out of a total of 79 individuals tested, only 14 gave reactions to 
the erysipelas and puerperal septicemia toxins and no reaction to the smallpox 
toxins. Individuals reacting to the puerperal septicemia and erysipelas toxins 
and one or more strains of the smallpox toxins numbered 45. The results would 
also indicate that the smallpox strains arc closely related in their ability to pro- 
duce soluble toxins. 

In order to prove conclusively that the substance causing the reactions in 
the intra dermal tests was a true toxin, an effort was made to produce an anti- 
toxin. The streptococcus immune serum or antitoxin would thus neutralize its 
own toxin when mixtures of toxin and antitoxin were injected intradcrmally 
into an individual who was susceptible to the toxin. The immune serums were 
produced by repeated intravenous injections of undiluted filtrate into rabbits. 
The first injection was 3 c.c. of filtrate followed every third day by increasing 
amounts until a maximum of 10 c.c. was given. The animals were bled ten days 
after the last injection. A control serum was obtained from nonimmunized (nor- 
mal) rabbits. Equal amounts of diluted filtrate and a 1:20 dilution of both 
immune and nonimmune serums were mixed and allowed to incubate for one 
hour at 37° C. Varying dilutions of the antitoxin were used in the test. Per- 
sons who were positive to the toxin of one strain of the streptococci from small- 
pox were selected and injected as shown in Table VIII. 

Individual variations in the persons injected account for several unwar- 
ranted reactions. Two of the group were sensitive to the serum while two others 
reacted to the protein. The antitoxin in a dilution of 1 :10 neutralized the toxins 
from Var. 7 and Var. S although a 1 :20 dilution showed no neutralization in 2 
instances. 


SUMMARY 

From the results of this work it would seem apparent that certain differences 
exist between the hemolytic streptococci isolated from blood cultures of fatal 
hemorrhagic smallpox and the pyogenic type of organism of scarlet fever, 
erysipelas, and pueiperal septicemia. 

Morphologically, the strains of streptococci from smallpox are similar to 
those isolated from scarlet fever, puerperal septicemia, and erysipelas. 

Classification of the streptococci by means of their action on certain carbo- 
hydrates would place the organisms from smallpox and those from scarlet fever, 
erysipelas, and puerperal septicemia, in two distinct groups, based on the in- 
ability of the latter to ferment lactose. 

The controlling strains each produced an acid reaction in litmus milk while 
the strains from smallpox were all negative. 

The virulence for mice of organisms from smallpox is low, the usual fatal 
dose, after repeated passage, being about- 0.1 c.c. 

Agglutination tests with both homologous and heterologous strains would 
indicate a different serologic grouping between the organisms isolated from 
smallpox and the comparative strains. 
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Complement fixation results run about parallel to the .gglrtinnlion tests 
and are apparently no more specific. 

Streptococci isolated from smallpox produce a specific toxm which when 
injected into susceptible individuals gives rise to a cutaneous reaction. 

The antitoxin produced in rabbits is specific as it neutralizes the toxin while 
normal serum has no effect. 
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CHANGES IN BLOOD CONCENTRATION INCIDENT TO SHOCK* 


V. H. Moon, M.D., and Patrick J. Kennedy, M.D., Philadelphia, Pa. 


]\ /J ONOGRAPHS on clinical pathology and microscopy contain no references 
to blood changes in traumatic shock or in circulatory failure of similar 
character developing in other conditions. Occasional references to such 
changes are found in clinical reports, but their significance and diagnostic im- 
portance have not been emphasized. 

In 1893 Sherrington and Copeman 1 observed that animals, subjected to 
prolonged experimental operative procedures, presently showed increased re- 
spiratory and pulse rate, and decreased temperature and blood pressure. This 
was accompanied by the development of edema and by increased concentration 
°£ the blood. They suggested the relationship of these phenomena to surgical 
shock. It is of interest that these observations forecast by twenty-five years the 
accepted interpretation of shock, and that the essential features of it including 
increased blood concentration were noted. Cannon, Fraser and Hooper, 2 ob- 
serving the development of shock in wounded soldiers, found a red cell count of 
million or more and a corresponding increase in hemoglobin as prominent 
characteristics. Robertson and Bock 3 corroborated those observations. Keith 4 


W E ’ c ' r,artrnr;nt of Pathology, Jefferson Medical College. 

Rcccls ed for publication. January 31, 1033. 

logical Society of VhnadcmhS, jSrSS? 1 ’ ? 923 ? h Foundatlon .- Presented before the Physio- 
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showed that the increased blood concentration was due to loss of blood plasma 
and that it was accompanied by a marked decrease in total blood volume. These 
findings have been confirmed repeatedly. In shock produced experimentally 
an increased concentration of blood occurred so regularly that we used it as a 
criterion for shock in a study of the pathology of that condition. 5 

Dale, Laidlaw and Richards,® bv injections of histamine, reproduced experi- 
mentally in mammals all the physiologic manifestations of shock following 
trauma. They noted increase in the red cell count and hemoglobin as regular 
features. They found that histamine produces direct injury to capillaries, 
causing loss of tonus and increasing the permeability. Escape of plasma 
through damaged capillary walls resulted in concentration of the cellular ele- 
ments of the blood. The visible circulatory changes produced by histamine are 
present in cases of traumatic shock and the mechanism of their production 
apparently is identical. In the final analysis the etiology of shock is loss of 
capillary tonus. Extensive capillary dilatation withdraws blood from cur- 
rency as effectively as hemorrhage. The patient “is bled to death into his own 
capillaries. ’ ’ 

Krogh 7 of Denmark and Lewis 8 of England have studied the physiology of 
the capillaries most extensively and intensively. Their results, agree in show- 
ing that increased permeability and loss of tonus are produced by all types of 
damage to capillaries. Such damage may result from light, heat or cold, 
chemical agents both organic and inorganic, injurious bacterial products and 
particularly products of cellular injury, similar to histamine in action and in 
composition. Any of these agents appropriately applied, will produce the 
shock syndrome. One who, unaccustomed to light, exposes his skin surface to 
intense sunlight for a short time may develop shock in mild degree. Profound 
shock has resulted from overexposure to the sun. Similar results may follow 
overexposure to artificial light rich in ultraviolet rays. It is well known that 
shock regularly follows superficial burns, and that its degree is proportionate 
to the size of the burned area. The shock is profound and may be fatal if 
about one-third of the skin surface is burned or scalded. Many salts of heavy 
metals will produce shock if introduced into the circulating blood. Various or- 
ganic compounds will produce similar disturbances. Sodium barbital, and closely 
related compounds used as sedatives, will produce shock when overdoses are 
taken. We have seen characteristic circulatory collapse develop in a dog fol- 
lowing the intravenous injection of sodium barbital, 0.3 gm. per kg. of body 
weight. The blood pressure fell 94 mm. in three hours. The respirations and 
pulse rate became increased to twice the normal. The external parts became 
cold; there was 20 per cent increased concentration of the blood as shown by 
hemoglobin percentage and erythrocyte count. At postmortem examination all 
the changes which we have found to accompany shock were present. These, it 
should be emphasized, are identical to those observed by Dale, Laidlow and 
Richards, following death from histamine (see Pigs. 1 and 2). The abdominal and 
thoracic viscera had a deep rose-red color due to capillary congestion. The 
minute venules everywhere were engorged. The mucosae were dull red in color- 
There was blood-tinged fluid within the bowel tract and in the serous cavities. 
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Tiie lungs ivere irregularly congested and their weight was increased. They 
contained innumerable small hemorrhages. Capillary hemorrhages were also 
present in the serous surfaces, the endocardium and in the lining of the gall- 
bladder and urinary bladder. 

A man, aged thirty-four, took an unknown amount of "sedormide.” Pro- 
found narcosis resulted and he was unconscious for eighteen hours. On ad- 
mission to the hospital the red cells were 6,030,000 and the hemoglobin 118 per 
cent. On the following day the temperature was 97°, the pulse 130 and the 
blood pressure 110/70. There were moist r files throughout the chest and the 
percussion note was hyperresonant. Adrenalin, atropine, caffeine and pitui- 
trinwere given as stimulants. Fluids were given by mouth, by hypodermoclysis 
and by glucose solution intravenously. Tiiese were ineffective. Death oc- 
curred within seventy-two hours. The postmortem findings were character- 
istic of shock. There was general engorgement of all the body viscera. The 
venules and capillaries of the entire gastrointestinal tract were distended in 
>oth the peritoneal and mucosal surfaces. The lungs were extremely dark red, 
"ere almost airless and contained quantities of bloody fluid. Petechial hemor- 
r iages were numerous throughout the lungs and in serous surfaces. Excepting 
ie circulatory changes described, and the beginning of bronchopneumonia, 
microscopic examination showed no significant changes in any organs, includin'' 
«ie central nervous system. It is stated* that overdoses of sedatives belonging 
O IS group of urea derivatives, cause a marked fall in temperature and of 

mlntJ TeS ?h re 5“ t0 Paralysis of the P eri Pheral vessels. Krogh’s experi- 
a:].. .. h urethane showed that it affected the capillaries producing marked 

scnmV* 10Q ’ HC State<1 that other narcotics produce similar effects. Our micro- 
ammatl ° I ^ s s5lcwe <l marked dilatation of the capillaries and venules in 

ances and^hc l 31 ^ “ sedormide ” Both physiologic disturb- 

those of shoek P findingS “ SUCh C3SeS 3re indistin ^ishable from 

tion IrfMM f 6n identieal Ganges in dogs following the intravenous iniec- 
dueed. a bacte ™ 1 cultures and following peritonitis experimentally pro- 
ititravpnr.i, ' CVe ab e . to prod uce the typical shock syndrome in do"s by the 
In- i nt . s ° r lntra PcrrtoneaI injection of watery extract of noma] dog nmsele 

•~XX !e ? t0 

Greased concentraf - y Instance the syndrome was accompanied by in. 

the visible circula- 

conclusion that , S l” ° e , t ^5* support the 

damage and that , y of agents are capable of causing capillary 

«».» resembling tvaLatZZk^ “ drraIat0 ^ fail ” e "th manifests- 


occurs in vari- 


ous °l thiS type ’ , often spoken of as collapse, 

is » common occurrence ^ Sh0Ck foUowin ff intestinal obstruction 

from the injured boT e ' " Uted to the Sorption of Instance 

Poisoning and in infl h'uderlnll noted circulatoiy collapse followin'' mc 
stances ^ of^eS 

centration of blood was recorded. Atchley^ noted the 
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shock syndrome in diabetic acidosis, in severe infections, and in one instance 
of a rattlesnake bite in which the venom apparently was injected directty into 
a vein. 


Table I 


CHANGES IN BLOOD CONCENTRATION IN A BOG. SHOCK WAS PRODUCED BY INTRODUCING SUBSTANCE 
OF DOG MUSCLE INTO THE PERITONEAL CAVITY. DEATH RESULTED IN 10.5 HOURS 

Blood Concentration : Shock 


TIME 

sp. Gray. 

HEMOGLOBIN* 

RED CELLS 

0:30 a.M. 

1.000 

101 

5,110,000 

7:00 A.M. 

Muscle substance into peritoneum 


10:30 a.m. 

1.005 

104 

4,SGO,000 

1:30 p.m. 

1.005 

104 

5,094,000 

3:20 p.m. 

1.007 

10S 

5,095,000 

4:50 r.M. 

1.075 

120 

0,400,000 

5:15 r.M. 

1.075 

130f 

7,450,000 


We have had opportunity to make examination following deaths from 
acute hemorrhagic pancreatitis, mesenteric thrombosis, intestinal obstructions, 
eclampsia, perforated intestinal ulcer, bums and other conditions in which the 
shock syndrome was a prominent antemortem feature. In each instance the 
blood changes and the postmortem findings were those seen in traumatic shock 
in man, and in experimental shock in dogs. 

An experience as pathologist in a large charity hospital during the pan- 
demic of influenza, 1917 to 1919, resulted in observations not interpreted at 
the time. Many of the most severe cases, which died in from two to four 
days from the onset, had increased concentration of blood. Red cell counts 
in such cases ranged from 6,000,000 to 8,000,000 and the hemoglobin was corre- 
spondingly high. The attending physicians came to regard this as a grave 
sign. Those patients with high concentration died early with evidences of 
circulatory collapse. There was a marked decline in blood pressure, weak 
pulse, rapid respirations and the temperature was lower than seen in cases less 
severe. Postmortem examination showed wet bloody lungs and extreme capil- 
lary congestion of the mucosae of the pulmonary and gastrointestinal tracts. 
The patients having moderate concentration of blood lived from seven to fifteen 
days. On postmortem examination the congestion and edema were not so 
extreme hut were marked. Bronchopneumonia which was very irregular in its 
characteristics and distribution, was a regular feature. In the most severe 
cases no pneumonia was demonstrable either grossly or microscopically. The 
lungs had all the features seen in patients dying within two or three days from 
severe bums or from physical trauma. They presented no essential differences 
from the lungs following shock produced experimentally. 

A young woman suffering from acute hemorrhagic pancreatitis was brought 
to the hospital. She had rapid weak pulse, rapid respirations, cold pale skin 
and falling blood pressure. No operation was done; the treatment was en- 
tirely symptomatic; she died of circulatory failure within forty-eight hours. 
Only one blood count was made. The red cells were 6,400,000 and the hemo- 
globin 112 per cent. At postmortem the visible changes characteristic of 
shock were present. The lungs were deeply congested, edematous, and heavy. 
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Their capillaries and venules were distended with blood, and there were numer- 
ous capillary hemorrhages within the lungs, in the pleurae and in other serous 
and mucous surfaces. The abdominal viscera were diffusely deep red and the 
minute venules were abnormally prominent. DeTakats and Mackenzie ie- 
ported 9 cases of hemorrhagic pancreatitis, in all of which the red cells ueie 
about five million and the hemoglobin correspondingly high. One case had 



i 



J 


Eip. 3.— Photograph of lung In shock, death within forty-eight hours following severe bum. 
Normal lung (left) for comparison. 



‘S- 2. Microphotograph of lung, shock following bums. Congestion, edema and capillary 

hemorrhage are shown. 1 * 

8,300,000 red cells and 140 per cent hemoglobin. They recognized the shock 

t ome in each of th ese cases and stated that blood counts furnished a means 
lor estimating the degree of shock. 

Underhill" and his associates have emphasized increased concentration of 

>iood as a clmical feature in bums. They failed to note the relationship of this 

anJ™T a r S ? ° f Sll ° Ck ’ but rec0 £ n ized it as a grave physiologic disturb- 

nlified suitable measures for its relief. The condition is well exem- 

pimed m the following cases : 
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Three men were seriously burned following a collision in which a gasoline 
tank was burst and ignited. The bums were of the second and third degrees 
involving chiefly the legs, arms, and faces. Shock was a marked feature in 
each case. The burns varied somewhat in the amount of skin involved and like* 
wise the degree of shock varied. The man having the most extensive burn had 
a red cell count of 8,350,000 and the hemoglobin was 120+. The Dare hemo- 
globinometer which was used had no provision for higher readings. He died 
within forty-eight, hours. The postmortem findings were typically those of 
shock 5 (Pigs. 1 and 2). Another, whose burns were slightly less extensive, 
died of secondary pneumonia eleven days later. His condition of moderate 
shock, as shown by blood pressure and concentration, continued during the 
eleven days. The circulatory changes at postmortem were the same as de- 
scribed. In addition there was diffuse bronchopneumonia in an early stage. 
This feature is especially significant. Lungs, whose circulation is impaired 
and whose spaces are filled with edematous fluid, present a stage already set 

Table II 

CHANGES IN BLOOD CONCENTRATION DURING RECOVERY FROM SEVERE BURNS. TIIE ACCIDENT 
OCCURRED DEC. 12, 1932; THE FIRST HI/) OI) EXAMINATION WAS MADE TWO DAYS LATER 

Blood Concentration: Burn, Recovery 


DATE 

SP. GRAY. 

HEMOGLOBIN 

RED CELLS 

12-14 

1.073 

120+ 

G, 700, 000 

12-13 

1.070 

112 

5,400,000 

12-16 

1.0G3 

110 

5,000,000 

12-17 

1.070 

110 

5,200,000 

12-18 

1.00S 

115 

5,100,000 

12-19 

1.06G 

110 

4,990 000 

12-20 

1.0G2 

106 

4,900,000 

12-21 

1.035 

99 

4,630,000 

12-22 

1.04S 

74 

3,530.000 

12-24 

1.045 

87 

3,S20.000 


for the final act, the development of pneumonia. The third man who was 
burned recovered. The blood concentration, shown in Table II, declined 
gradually as the patient’s condition improved. 


SUMMARY 

Increased concentration of the blood is a regular feature developing dur- 
ing surgical or traumatic shock. 

Circulatory failure similar to shock is of frequent occurrence in conditions 
accompanied by toxemia. Such conditions include bums, toxemias of meta- 
bolic origin, poisoning with certain drugs, surgical emergencies such as in- 
testinal obstruction, pancreatitis, and perforated ulcer, and infections of un- 
usual severity. 

Increased concentration of the blood, as shown by specific gravity, red cell 
count and hemoglobin content, is a feature in such cases. The degree of con- 
centration apparently is proportionate to the severity of shock. 

The circulatory changes seen at postmortem in such cases are indistinguish- 
able from those of traumatic shock. These observations indicate that the 
mechanism of origin is essentially the same. 

Observations on concentration of blood should be of value in detecting 
and estimating the degree of shock in clinical studies. 
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METAPIjASTIC CHANGES IN THE PROSTATE GLAND* 


Louis P. Kasman, M.D., and Joiin Gold, M.D., Brooklyn, N. Y. 


TTISTOLOGIC changes observed in 2 cases of prostatic hypertrophy were 
of such a character as to lead ns to study the behavior of prostatic 
glandular epithelium. 


The first case is that of a man fifty-nine years of age (No. 8,393) who was 
admitted to the hospital on May 17, 1931. His chief complaint was pain in 
the left loin and urinary retention of twenty-four hours’ duration. 

He had been suffering from polyuria, nocturia, and at times dysuria, and 
also complained of some difficulty in starting the urinary stream and periods 
of retention. This condition was present for more than five years. There was 
also loss of weight, digestive impairment, occasional night sweats and blood- 
streaked sputum. 


Examination revealed an elderly undernourished male who appeared 
acutely ill. Bronchial breathing and a few moist rales were present at right 
apex and below the right clavicle. A presystolic murmur was heard The 

<1 i! CndCtl and pl ‘ CSented an ovoid swelling which reached up- 
~-l- — _ ic umbilicus. There was flatness on percussion over this area, Ten- 

mc°hrU h r„l <OSl N C "" ,c rrown Heights Hospital. 
or Publication, February in, 1023 . 
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derness was present in tlie left loin. No rigidity was present in tlie abdomen. 
The right Murphy sign was positive. Rectal examination revealed a large 
boggy mass present in tlie prostatic area with most of tlie enlargement to the 
left side. A small rigid catheter was introduced into the bladder with diffi- 
culty. Catheterization recovered 52 ounces of residual urine. 

A cystoscopic examination showed a marked prostatic hypertrophy espe- 
cially of the left lobe. There was a generalized cystitis. 

"White blood cells 16,500, polvmorphonuclears 78 per cent, lymphocytes 
18 per cent, monocytes 4 per cent, hemoglobin 93 per cent, red blood cells 
4.000,000. Urine examination on admission was negative except for a trace 
of albumin. Blood chemistry showed urea nitrogen 38.5, creatinine 1.5, glu- 
cose 110, chloride 460. 

On May 19 a suprapubic cystostomy was performed and a mushroom 
catheter placed in the bladder. The patient had a rather stormy postopera- 
tive course because of the myocardial weakness and finally developed pneu- 
monia. He died on June 15. 

No consent for a general autopsy was obtained, but we succeeded in re- 
moving the bladder and prostate through the surgical incision. 

Macroscopically the prostate was considerably enlarged, particularly in 
its transverse diameter, while the anteroposterior diameter was but slightly 
increased. Tlie gland was therefore of an elongated oval shape and appeared 
rather flat. Its size was about twice the normal and felt quite hard to the 
touch. The central portion showed a superficial irregular defect, the bottom 
of which was covered with some grayish yellow cheesy material. On cutting 
through this defect it was found that the grayish yellow discoloration ex- 
tended irregularly to the depth and seemed to demarcate rather sharply in the 
form of a saw edged line, from the lateral apparently intact parts of the 
prostate. 

Microscopic Examination . — There was an extensive necrotic area in the 
center with some leucocytic infiltration of the periphery and some small irregu- 
lar hemon-hages. In the lateral portion the glands were of the type seen in 
ordinary prostatic hj'perplasia. Their epithelium was high columnar aud 
showed a clear faintly staining cytoplasm. Many glands, however, were lined 
with a very low cuboidal or flat epithelium and some glands were distended 
thereby forming cysts, quite a few of which were of considerable size. The 
amount of stroma was increased throughout, and it was of a fibrous hyaline 
character. Rather massive fibrous tissue was found in the vicinity of the 
necrotic foeus. The glands which persisted in this scarry area were obviously 
atrophic, their lumen narrow and often collapsed. Some were transformed 
into solid epithelial trabeculae. The cytoplasm of these cells was scanty; the 
nuclei were comparatively large, well stained aud round or spindle shaped. 
There were several solid islands of squamous epithelium between these atro- 
phic glands, some of which showed central parakeratosis while others were 
almost completely keratinized with the exception of a peripheral seam of 
cuboidal cells forming a single layer (Pig. 1). In other groups of squamous 
cells hydropic vacuolization could be visualized. There were also a few small 
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cell groups in which only the central cells looked like squamous epithelium, 
whereas the periphery was formed by smaller cells of the basal cell t> pe v. hick 
showed striking palisading of their nuclei. Finally there were trabeculae 
consisting of squamous epithelium, scattered in the fibrous tissue and altei- 
nating with groups of smaller less differentiated cells, ihe general appear- 
ance of these foci resembled somewhat a scirrhous carcinoma. 

Summarizing our findings, we found we were dealing with a glandular 
hyperplasia of the prostate with interstitial fibrosis and a central focus of ane- 
mic infarction, probably due to thrombosis. The fibrotic areas revealed regres- 
sive changes of the glandular epithelium, followed by proliferation and meta- 
plastie transformation into squamous epithelium. Parakeratosis was quite 
conspicuous. 

The second ease was that, of a man aged forty-four years (Xo. 8,063) who 
was admitted to the hospital April 20, 1930, complaining of difficulty in urina- 



tion. The patient’s illness dated back about two months when he first noticed 
nocturia and some hesitancy in starting the urinary stream. About four weeks 
ater pain and burning occurred when he voided. 

The physical examination was negative except for some tenderness supra- 
pu ically. There was a left lumbar sear of a previous nephrectomy. A posi- 
U .° ngllt Mur Phy sign was present. Examination of the genitalia revealed 
palpable Padm ' ° n examhlation a 3arge tender hoggy prostate was 

examination showed a trace of albumin and some white blood cells. 
Per lOOcT 18 ^ Sll0 "’ Cd U1 ' ea nitrogen 50 - 3 > creatinine 2.9, glucose 143 mg. 

strfcUonTf °tho CXa f nati ° n leVeaIed a marked clironic otitis with a con- 
somewhat i mcmbranous urethra. On pyelogram the right kidney was 

casilv The left l-ld"* ******' ^ " reteral Catheter entered the pelvis 
' uc Iat bmney was not present. 
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On April 23, 1930, a suprapubic eystostomy was performed under spinal 
anesthesia and a Pezzar catheter sewed into the bladder. Postoperative!}" the 
patient’s condition improved. This was shown by the decreasing nitrogen 
retention. On May 9 urea nitrogen was 31.7, creatinine 2.5. 

On May 10 a prostatectomy was performed under spinal anesthesia. The 
patient’s condition remained satisfactory until May 13 when he began to 
hiccough, his abdomen became distended and the temperature began to rise. 
In spite of the treatment instituted he did not respond well. At this time 
blood chemistry showed urea nitrogen 44.3, creatinine 5.0, glucose 186. He 
developed uremic coma with an accompanying hypostatic congestion of the 
lungs and died May 22, 1930. 

The prostate removed was comparatively small, flat and adherent to the 
surrounding fat tissue. It was very liard and showed a fibrous structure on 
section with quite a few scattered irregularly formed narrow fissures which 
occupied mainly the central portion of the more superficial stratum. 

Microscopically a fibrosed prostate was found with considerable lympho- 
cytic infiltration, particularly about the very irregularly formed glands. These 
glands did not resemble the ordinary prostate glands. Some were tubular, 
others irregularly branching. They were lined with multiple layers of squa- 
mous epithelium often causing the lumen to become quite narrow and usually 
eccentric. Proliferation of the epithelium sometimes closed the lumen alto- 
gether and yielded solid epithelial structures. The epithelial cells were usu- 
ally small, but with quite large nuclei which were round or oval and fairly 
intensely stained. In other places, particularly in the solid epithelial nests, 
the cells were smaller, the nuclei densely packed, darker stained, and rod or 
spindle shaped, thereby resembling basal epitlielia. 

Careful examination of many slides showed that particularly in the lateral 
portions a few glands could be found which revealed the ordinary prostatic 
epithelium with the folding and formation of papillae characteristic of hyper- 
plastic prostatic glands. In some of these glands, transformation of the 
cuboidal or high columnar epithelium into much smaller cells with darker 
nuclei could be ascertained. These cells formed several layers and gradually 
transformed the ordinary appearance of the prostatic gland into such tubular 
structures as described above. 

Summarizing these findings we concluded that we were dealing with a 
chronic fibrosis of the prostate, apparently of inflammatory nature with trans- 
formation of practically all the prostatic glands into tubular structures, lined 
with squamous epithelium or solid groups of squamous or basal epithelium. 

Metaplastic changes of glandular epithelium concomitant with hyper- 
plasia are known to occur in almost any glandular organ. This is the most 
logical explanation of the observation that glands or mucous membranes cov- 
ered with columnar epithelium reveal foci of basal or squamous cells. This 
process was first described in the lungs by Goldzieher who showed that in 
chronic inflammatory conditions the columnar bronchial epithelium reverts 
first to cells of the basal type, the proliferation of these cells yielding occa- 
sionally considerable thickening of the mucosa and eventually occlusion of the 
bronchial lumen. The squamous cells form secondarily through differentiation 
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of the basal cells. This interpretation is based on the conception that the 
basal cell represents an indifferent, type of epithelium to which the colnmnai 
cells may revert under unfavorable conditions. The basal cell is considered to 
be a multipotent cell, which is capable of differentiating into any other type of 
epithelium. 

Goldzieher’s explanation of bronchial metaplasia and hyperplasia of the 



2.— Squamous epithelium all alone; the wall of the prostate glands. In the center a solid 
island of squamous epithelium (low power). 



Pig. 


Incipient basal cell proliferation substituting the columnar cells of the pro static gland 

(high power). ' b a 

'Snazv %tTtl b f CCpted by a5i the 5ater workers (Teutschlaender, 

and tw’ t . th ’ . FrlCd and others )- The experimental studies of Wolbach 
chrm ‘ lfl ' C ‘ Slcmn ’ furthermore, that changes similar to those seen in 
Basal cell hvperalasia b ° P rodneed m animals by a diet deficient in vitamins, 
in other or^ns coneMnitant metaplasia has been described since 

siger). " ’ 1 ’ llG paUcreas ail d gallbladder (Krompeeher, Roes- 
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The occurrence of solid epithelial nests and of squamous epithelium in 
the prostate is known since Aschoff demonstrated the physiologic growth of 
squamous epithelium during the late stage of fetal life. His work was corrobo- 
rated by Schlachta, who is also of the opinion that remnants of this fetal 
squamous epithelium may persist in the adult. Schmidt was the first to ob- 
serve extensive parakeratosis in such islands of squamous epithelium found 



Pig. 4. — Advanced basal cell proliferation avlth beginning differentiation into squamous 

epithelium (high power). 



Pig. 5. — Massive proliferation of basal cell, practically obliterating the glandular lumen (Iov 

power). 

in the adult. He interpreted this lesion in accord with the conception of 
Schlachta, although these changes were found in close vicinity to an old pros- 
tatie abscess. ■ Similar views were held by Tietze and Garfunltel, who ob- 
served squamous epithelium in the prostate of eunuchoid and also believed lie 
was dealing with a malformation. Krompecher, however, in a detailed study 
on the prostatic glandular epithelium showed that there is no need-for em- 
bryonal nests nor for the hypothetical malformations to explain the histo- 
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-enesis of such squamous epithelium. Their origin from the ordinary glandu- 
lar cells, or from the epithelium of the prostatic ducts can be clearly demon- 
strated. The process involved is identical with that which occurs in the bron- 
chial mucosa. According to Krompecher the occurrence of such basal cell 
hyperplasia and secondary metaplastic diflerentiation into squamous epithe- 
lium is quite common and seems to evolve from regenerative processes in the 
course of chronic inflammation. In a large series examined for the piesenee 
of such epithelial changes, they were observed in 45 per cent of the cases. 
These figures coincide with our own observation. In reviewing 26 prostates 
removed during the last eighteen months, 11 cases (that is 44 per cent) show 
more or less marked hyperplasia with metapiastic changes. Other authors 
(Grassmann, Neller and Neuburgcr) give lower figures and estimate the fre- 
quency of what they term “atypical epithelial proliferation ’ at 25 per cent. 

There is some difference of opinion as to the actual seat of the lesion. 
Wagenseil and Altmann believe that the squamous epithelium develops from 
tlie ducts of the prostate, whereas, Krompecher found the changes as a rule 
in the glandular epithelium proper. Our own observations bear out Krom- 
pecher’s statements, as we frequently observed glands lined partly with ordi- 
nary epithelium, while other parts of the same gland already showed definite 
basal cell hyperplasia. The sections, described in this paper from which the 
photographs (Pigs. 1 to 5) were made, were taken from the lateral portions 
of the gland so far away from the urethra that there could be no suspicion 
that the tissue described was urethral glandular tissue. The occurrence of 
parakeratosis in our first case is the third observation of this kind on record, 
including tkose of Schmidt and Altmann. 

The changes described in this paper are not only morphologically inter- 
esting, but they are also of clinical importance. The presence of squamous 
epithelium, with or without keratinization and the formation of solid nests 
andplexi of basal cells in a place where such epithelium does not occur physio- 
logically, may erroneously lead to the assumption of the presence of a neo- 
plastic process. It has been stressed recently by Grassmann that these atypi- 
cal epithelial formations closely resemble carcinoma, and it is often very diffi- 
cult to make the differential diagnosis between such lesions and early cancer 
of the prostate. As a matter of fact there is a frequent coincidence between 
such changes and carcinoma. This has been noticed by Krompecher, who held 
the opinion that carcinoma of the prostate, if not of the adenomatous type, 
is preceded by and develops from such basal cell vegetations. This would ex- 
plain the occurrence of both basal and squamous cell carcinoma of the pros- 
tate. Krompecher’s interpretation is based not only on his direct observa- 
tions in carcinoma of the prostate but also on the analogy with similar obser- 
vations m other organs, particularly the lungs. A recent paper bv Pried also 
emphasizes the importance of bronchial basal cell hyperplasia for the histo- 
genesis of carcinoma of the lungs. This had already been suggested by Gold- 
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to basal cell hyperplasia. The frequency of these changes in the prostate and 
their significance in the development of prostatic carcinoma is emphasized. 
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LABORATORY METHODS 


THE DIAGNOSIS OP SURGICAL TUBERCULOSIS* 


Relative Reliability of Laboratory Methods 


Robert McCulley IIadbacxi, Sc.1L, M.D., Toms Ri\er, N. J. 


A T THE New York Orthopaedic Dispensary and Hospital a considerable 
. number of patients are seen with symptoms in a bone, joint, or associated 
soft tissue which indicate a probable tuberculous lesion. As the pioneer surgerj 
of Dr. Russell A. Hibbs has thoroughly proved, the treatment par excellence 
in such eases is fusion of the affected joint. This presupposes that the diagnosis 
has been confirmed by methods that are subject to the least possible error. 

The ideal method should demonstrate tuberculous infection whenever 
present and be equally reliable in its negative phase, but as yet no single test 
has reached this degree of perfection. However, by the judicious combina- 
tion of several methods, each of considerable accuracy in itself, we believe 
errors in diagnosis can be reduced to a rarity, indeed, practically excluded. 

In demonstration of this contention, we are reporting the results of labora- 
tory examinations made upon all material received from April, 1930, to Oc- 
tober, 1932, in which tuberculosis was the object of search. Results are 
divided into Period A (from April, 1930, to September, 1931, inclusive) and 
Period B (from October, 1931. to October, 1932, inclusive) since the technic 
was changed in the latter group. All specimens were examined or confirmed 
by the author. 

Table I 

Period A — Tissues (Total 103) 

Histology positive — Guinea pig positive 52 

Histology positive — Guinea pig negative 7 

Histology doubtful — Guinea pig positive 1 

Histology doubtful — Guinea pig negative 0 

Histology negative — Guinea pig negative 37 

Histology negative — Guinea pig positive 1 

Histology not supplemented; intercnrrent 

death of pig 5 


That is, inoculation confirmed 89 diagnoses, changed 2 to positive and 
failed to confirm or supplement 12, a percentage reliability of 88.4. Of the 

1- rom the Department of Pathology ; Xew York Orthopaedic Dispensary and Hospital 
Received tor publication. March 1, 1933. 
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7 animals -which were negative while the corresponding tissue was positive 
by section, it is most probable that the tissue for inoculation was insufficiently 
macerated or injected in inadequate amounts, since in three cases subsequent 
tissue from the same lesion area yielded positive animals. In the tissue which 
was negative histologically' but from which a positive pig was obtained, the 
material for section came from the head of the femur and that for inocula- 
tion from the ilium. 

Table II 

Peiuod A — Joist Fluid or. Pus (Total G9) 

Guinea pig positive 45 

Guinea pig negative 19 

Guinea pig not supplementary — intercurrent death 5 


Percentage reliability in this group was 92. S. Of these 69 specimens, 
positive animals were obtained in all that revealed acid-fast bacilli by stain- 
ing. There were 41 which also had tissue sectioned from the same lesion area 
and the diagnoses agreed in 35, 3 were positive while the fluid or pus was 
negative, and 3 could not be cheeked because the pig with corresponding pus 
died of intercurrent disease. 

In summary for Period A, a total of 172 specimens were examined. In 
153, animal inoculation confirmed other methods, in 2 it changed a diagnosis 
to positive, and in 17 it failed to supplement, a percentage reliability for this 
period of 88.9. Moreover, in at least 3 cases examination of tissue from 
exploration revealed tuberculosis when the aspirated fluid or pus had been 
negative. 

The factors of intercurrent deaths of some pigs and failure of others to 
confirm definite histologic evidence of tuberculosis in the above series con- 
stituted a serious defect, and in October, 1931, we adopted the technic given 
at the close of this report, and with the following results : 

Table III 

Period B — Tissues (Total 57) 


Histology positive — Guinea pig positive 33 

Histology positive — Guinea pig negative 0 

Histology negative — Guinea pig negative 20 

Histology doubtful — Guinea pig positive 2 

Histology doubtful — Guinea pig negative 1 

Histology supplemented — pig died of pyo- 
genic infection 1 


That is, inoculation confirmed 54 diagnoses and settled 3 otherwise doubt- 
ful diagnoses. Percentage reliability' of inoculation in this group was 100. 
In each of the 2 tissues doubtful by section both animals died of tuberculosis 
and in the one tissue doubtful by' section both animals were negative. In the 
tissue classed as supplemented, both animals died (four and six day's after 
inoculation) of a staphylococcus peritonitis, the tissue by section was a defi- 
nite pyogenic inflammation and culture of tissue ydelded staphylococci. In 
4 other specimens one animal died of intereurrent disease but its duplicate 
subsequently died of tuberculosis or was negative by autopsy after sixty days- 
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Table IV 

Period B— Joint Fluid or Pus (Total 28) 


18 

10 

0 


Guinea pig positive 
Guinea pig negative 
Guinea pig nonconclusivc 


Percentage reliability of inoculation in this group was 100. All material 
iu which acid-fast bacilli were found yielded positive pigs. In 17 cases tissue 
from the same lesion area was examined and the diagnosis agreed with the 
findings from fluid. Also in this group 4 animals died of intercurrent disease 
but the duplicate remained to complete the diagnosis. 

During the interval covered by both periods there were also 8 spinal fluids 
inoculated into animals with no intercurrent deaths; and 18 urine sediments 
inoculated with one death from intercurrent disease in period A. This last 
animal, however, did not develop pneumonia until the fifty-fourth day after 
inoculation and at autopsy its spleen, liver and lymph nodes were negative, 
so that it may properly be considered as negative for tuberculosis. 

Prom the results in Period B we therefore feel that tuberculosis of the 
bones, joints and associated soft tissues can be diagnosed or excluded with 
great reliability if the following methods of examining material are employed ; 

Tmim.—In the absence of conclusive evidence from pus, fluid, etc., and 
with the physical findings indicative of tuberculosis, exploration is performed 
and several small portions of suspected tissue removed. A frozen section of 
a portion is made at once and, if diagnosed positive by an experienced ob- 
server, any therapeutic surgery that may be indicated can be proceeded with. 
In such cases completion of tissue section by paraffin or celloidin is the only 
confirmation needed. Without frozen section or when it is not clearly positive 
a portion of tissue is expeditiously sectioned by celloidin or paraffin and, pend- 
m ° lts completion, a similar portion prepared as follows : 

Price tissue in sterile glass mortar, add from 5 to 8 c.e. of sterile saline and a 
small amount of sterile emery (medium) powder, and macerate thoroughly - 
T 31 i amount of 6 P er cent sulphuric acid, mix and place in 37° 

TzitiLlvi MT -.r nmes: tonsfer au but co * rse fibers and «««»•«« 

fL i f g 6 1 a pipette and run at hi ^ h s P eed (from 2,500 to 3,000 rum) 

remove supernatant fluid, resuspend sediment in 6 e c of 
sterile saline and set aside in ice box. 

. SectKms should be completed within three to four davs and if 

*“? » “Nation is M eLdT„r p tp ar Td t Z 

S , “ X ,’ S T raed - WhC ” S '° tiom «« or doubtful 

1 th animal inoculation of prepared sediment as follows • ’ 1 

weetefe ! TZT ^ ° f £r ° m 250 t0 300 ^ that have been quarantined for three 

animal is hoiuw»a m B a uue w ee - anct tiie other 4 c.e. Each 

- - - z 
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Pus . — Routine cultures and smears for Grain’s and acid-fast staining are 
made. The remainder, up to 5 c.c., is treated -with an equal amount of 6 per 
cent sulphuric acid, etc., as under preparation of tissue sediment, and the 
resuspended sediment inoculated into two animals in like amounts. 

Joint Fluid . — Immediately on withdrawal mix with several cubic centi- 
meters of sterile sodium citrate (2}4 per cent) solution to prevent coagulation 
and then proceed as with pus. 

Spinal Fluid . — Unless distinctly turbid or pyogenic organisms found in 
smears, inoculate directly into two animals, using 3 c.c. and 6 c.c. respectively. 
If turbid, or pyogenic organisms are present, treat a 10 c.c. portion with sul- 
phuric acid, etc., as under pus, resuspend sediment in 6 c.c. of saline and inocu- 
late in amounts of 2 c.c. and 4 c.c. 

SUMMARY 

Laboratory methods for the diagnosis of surgical tuberculosis and re- 
sults of their use are given which, the author believes, warrant the following 
conclusions : 

1. By these methods tuberculosis can, with rare exceptions, be definitely 
diagnosed or excluded. 

2. Negative results by any or all of these methods in the case of joint 
fluids or pus do not completely exclude tuberculosis. In such cases, where 
the physical findings, etc., remain suspicious, exploration and examination of 
tissue are indicated. 

513 Main Street. 


IMPROVED DRINKING FOUNTAIN FOR SMALL LABORATORY 

ANIMALS* 


Douglas P. Murphy, M.D., Philadelphia, Pa. 


I T IS convenient to attach the water reservoirs to the outside of the doors 
when cages are stacked closely, and one upon the other. The inverted 
bottle type of drinking fountain is inexpensive and lends itself readily to this 
purpose. 

Large bottles require simple curved or angulated glass nipples. Bottles 
of not more than 100 c.c. capacity are required for cages with doors only 
8 inches high, in order that they will not prevent the opening of the door of 
the cage immediately above. The partial vacuum created by the inversion of 
the small bottle using simple curved or angulated nipples may impede greatly, 
or prevent entirely, the flow of water. The nipple shown in Fig. 1 was de- 
vised and has proved satisfactory in overcoming this difficulty. 

It is made of glass tubing 9 mm. in outside diameter, and is blown in the 
form of a gentle curve instead of with an angulation. The lower part is 

•From the Gynecean Hospital Institute of Gynecologic Research, School of Medicine. Uni- 
versity of Pennsylvania. 
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tapered to approximately one-half of its original diameter, and the open end 
is pressed into the shape of an hourglass. 

The hole at the middle of the nipple is its most important feature. As 
the animal drinks by licking the end of the nipple, bubbles of air form at 
the hole in the midpoint of the nipple, enter, glide easily ai-ound the curve 
and rise to the surface of the water where they tend to equalize the partial 
vacuum. As a result, the animal has no difficulty in drinking. 

The curve of the nipple facilitates the uninterrupted movement of the 
bubbles of air. 





the A 0le ' i0 "' ev "' lost important con- 

concave aspect “the ‘T , ' ^ l* Tb<> b “‘ site « on 

■a u , of tl1 ' cur " J at «s midpoint. Its optimum diameter is 1 
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A SIMPLE AND EFFICIENT REFLUX CONDENSER' 5 


A. Bernhard, New York, N. Y. 

I N THE determination of cholesterol in blood serum and plasma, reported in 
a previous communication, 1 it was found that the test tube condenser utilized 
was subject to certain mechanical difficulties. The water passing through the 
condenser had to be carefullj' regulated so that the pressure would not be too 
great; also, a slow boiling water-batli was essential to prevent condensation 
of steam into the Folin tube with subsequent interference with the color for- 
mation. 



All defects were obviated by the use of the condenser shown in Fig. 1. The 
entire condenser is a single unit of glass, the top of which is made mushroom 
shape. 

The condenser can be used with a vigorously boiling steam bath, and with 
a greater rate of flow of the condenser water, thereby increasing the efficiency 
of the condenser. 

The particular shape of the condenser and the manner in which it fits the 
top of the Folin tube prevent any condensation of steam on the inside of the 
Folin tube. 

The condenser was made by Eimer and Amend, New York, N. Y. 
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A N INFREQUENTLY practiced but highly valuable aid to diagnosis has re- 
t appeared in the literature following a lapse of several years. It is not 
at all uncommon for the medical practitioner to encounter a patient with a 
seemingly unaccountable effusion in one of the body cavities. That mechani- 
cal and metabolic factors, nonneoplastic in nature, may be the cause of such 
an effusion is a well-established fact. It is also known that certain inflamma- 
tions, bacterial, chemical, or otherwise, may produce this fluid. It becomes the 
problem of the practitioner, in such an instance, to determine whether the 
effusion is due to one of the above factors, or whether it is produced through the 
mechanism of a neoplasm of the serous membrane or its circulatory supply. 
Roentgenologic study in these eases is usually of little value unless the fluid is 
removed before radiography. Even then, the uncertain data gathered from the 
x-ray (as to the nature of the dyscrasia, whether inflammatory or neoplastic, 
and if neoplastic, whether primary or secondary) can be transformed into cer- 
tain knowledge by a study of the cells found in that fluid. For these occasions, 
it has become possible, in recent years, to offer a valuable and quite accurate 
aid to the diagnosis, in the role of a cytologic study of the fluid sediment. 

Since the publication of Mandlebaum’s technic for cytodia gnosis of serous 
fluids appeared in 1917, it lias been possible, with a considerable degree of ac- 
curacy, to rule out cardiac, inflammatory and metabolic disturbances, to deter- 
mine whether a given serous effusion has a neoplasm as its source. 

Mandlebaum’s achievement followed upon the investigations of many work- 
ers who slowly, and step by step, prepared the field for the modern-day 
methods of single tissue cell diagnosis. Attempts to identify tumor cells in 
body fluids date back to 1860 when Beale 2 first noticed large nmltinucleated cells 
in unstained smears of sputum in a case of carcinoma of the pharynx. Little 
attention was paid to this, as well as to the work of Quincke 5 and of Ehrlich/ 
each of whom in 1882 demonstrated with new staining methods the presence 
of tumor cells in smears of pleural and peritoneal effusions. The first attempts 
at using cut sections were made in 1895 by Bahrenberg 1 who allowed a large 
quantity of fluid to clot spontaneously and then hardened the clot in alcohol, 
imbedded it in celloidin and cut it as a tissue. In 1900, Mandlebaum 4 demon- 
strated the presence of aetinomyces in pus, by means of tissue-like sections, 
and it is this method which he described in 1917 s as being of value when seeking 

tumor cells in fluids, and which has become the foundation upon which all later 
methods were based. 


From the PathoIoRfcal Laboratories. Syder.han 
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Mandlebaum ’s method, as practiced at Mount Sinai Hospital in New York 
was the basis for a very exhaustive report in 192S by Zemanskjy who evalu- 
ated 914 examinations made at that institution over a period of fifteen years. 
His conclusions show that this study can be of inestimable i-alue in arriving 
at a diagnosis. He emphasized also the worth of a positive report, stating that 
a negative report was not as conclusive, since the cells could be destroyed or 
missed even when present. His positive results, however, he regarded as being 
almost pathognomonic, since in the presence of a sheet of epithelial cells or of 
only a single cell with mitotic figures, an accepted diagnosis of neoplasm could 
be made. His checked results bore out these conclusions. At this point it 
may be advisable from our experience to add a cautioning statement: occa- 
sionally a sheet of endothelial cells may be present, having desquamated from 
the serous membrane. This may closely resemble squamous epithelium or even 
the medullary cells in a solid carcinoma (Fig. 1). 



Fig 1. — Note sheet of large, pale, peritoneal cells. These are not neoplastic. 

In his large series of cases Zemansky was able to arrive at an accuracy of 
90 per cent in his positive results as compared to an accuracy of only 47 per cent- 
in his negative results. 

In the much shorter series that we have to report, we have been more for- 
tunate in gaining a somewhat higher percentage of correct results. Over a 
period of five years, we have had 26 patients on whom we have made 39 exami- 
nations. Of these there were 32 positive diagnoses, with one case disproved 
(Case 25), for an accuracy percentage of 96.9 per cent. In only 7 cases were 
negative diagnoses made, and these were all checked as nouneoplastic, for an 
accuracy percentage of 100 per cent. From these statistics it can be seen that 
in all our cases where tumor cells could have been expected to be present they 
were found at the microscope. In no positive case was the diagnosis missed, 
as all our negative results were cheeked as such by the subsequent history of 
the case. 

Though our series is too short to make the accuracy percentages definitely 
acceptable, we feel that our results have been so good as to justify the describ- 
ing of our method, which is a modification. of Mandlebaum ’s, and winch we be- 
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lieve more readily preserves the cells, tlms increasing the number of positive 
diagnoses, decreasing the number of negative diagnoses, and gi\iug a gieatei 
general accuracy in cytologic study by this method. 

Technic.— The original teelmic as described by Mandlebaum consisted in 
preparing the fluid sediment for cutting as a tissue section. Ihis he did bj 
centrifuging the fluid in large conical tubes and getting a sediment which he 
hardened in 10 per cent formalin and then ran through the alcohols, through 
chloroform and into paraffin. The hardened hloclc of sediment was then cut, 
stained and mounted as a tissue section. 

The accuracy of the positive results is well attested to by Zemansky's ex- 
periences, but the negative results are painfully inaccurate. The reason for 
this is obvious. In any test where the result depends on the finding of a few 
isolated cells, a number of factors may enter to cloud the picture. It is pos- 
sible, for instance, to have a neoplasm involving the pleura with a consequent 
effusion, and yet have no tumor cells in that fluid. It is possible that no cells 
have desquamated. It is also possible that so few cells have desquamated that 
they are extremely difficult to find. For that reason Mandlebaum cautioned 
that as much fluid as is possible should he obtained and centrifuged. Another 
possibility is that the tumor cells, subjected to a prolonged sojourn in an en- 
vironment to which they are certainly not adapted, may be changed to a con- 
siderable extent, and that the strenuous regime of fixation, dehydration, clear- 
ing, and infiltration to which they are subjected, may so further distort them 
as to make them unrecognizable, or that- these processes may destroy the cells 
completely. It is tine that most frequently the cells remain recognizable in 
sufficient numbers to permit a correct diagnosis. But, as Zemansky stated, it 
often happens that one gains an impression that there is a malignancy present, 
while still unable to give a diagnosis, and also one occasionally gives a negative 
diagnosis, only to find on subsequent examination or in the future course of 
the ease that a neoplasm was present. 

It is for these reasons that we have slightly modified Mandlebaum ’s tech- 
nic, seeking to produce less strain on the chemical and physical properties of 
the neoplastic cells, and thus more often preserving them for diagnosis. The 
method employed is as follows : 


Obtain sediment by centrifuging the fluid in large conical tubes at from 1,200 to 
,<00 revolutions per minute for from onc-lialf to one hour. Wash sediment several times in 
normal salino solution. 


2. Decant supernatant fluid. Replace with about 25 times the volume of 
onnol acetic acid, at 37° C. for from, four to six hours. 

3. Dehydrate by steeping through the following solutions: 


5 per cent 


a. <5 per cent alcohol for one hour 
h. 95 per cent alcohol for one hour 

c. - parts absolute alcohol and 3 parts ether for one-half hour 

d. ether for one-half hour 

e. „ parts ether and 3 parts acetone for one-half hour 

f. acetone for one-half hour 
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4. Clear in eholoroform, 

5. Infiltrate with paraffin at 4o ° C. gradually increasing the temperature so that in 
two hours it reaches 50° C. 

6 . Embed in paraffin as with ordinary tissue blocks. 

7. Cut with sharp knife at slight angle, thus exposing a greater surface of the sedi- 
ment for staining. 

S. Staining and mounting is carried out as for roufinc tissue work. 

9. Cut many slides to decrease chance of missing cells. 

Comment. — l. Five per cent formol acetic acid is used as a fixative in place of 10 per cent 
formalin because the latter fixes the cells too rapidly and may produce considerable distortion, 
while the former permeates through the cells more slowly without injuring their structure. 

2. The sediment is dehydrated more slowly and in a graded manner, again avoiding 
rapid, distorting changes in their appearance. 

3. Cutting the block with the knife edge at a slight angle exposes a greater surface 
of cells and nuclei for staining. 


CASE REPORTS 

Case 1. — Mrs. It. D., a white female aged forty-eight years, was admitted to Sydenham 
Hospital on Oct. 7, 1932, with symptoms of an enlarging abdomen for some weeks and 



Fig. 2. — Authors’ Case 1. Abdominal fluid. Diffuse peritoneal carcinomatosis. A. Note acinus 

formation. 


with urinary disturbances. A roentgenologic series was of no aid. There were S,000 e.c. of 
straw-colored fluid in the abdomen, which on examination by the above method showed 
adenocarcinoma (Fig. 2). Laparotomy revealed large thick, white patches on the parietal 
peritoneum and between the uterus and urinary bladder. The cecum was immovable. Micro- 
scopically these patches showed diffuse carcinomatosis. 

Case 2.— Mrs. J. G., a white female aged sixty-nine years, was admitted to the Syden- 
ham Hospital on Aug. 23, 1932, with a pleural effusion on the right side. A chest tap was 
productive of 1,600 c.c. of light amber fluid, which showed many small clumps of dark 
staining epithelial cells. A diagnosis of metastatic carcinoma was made, and again at too 
subsequent tappings, at which occasions bloody fluid was removed. During this time it 
was learned that four years previously the patient had had a left-sided mastectomy for 
carcinoma. 

q ase 3 i,£ is . y. M., a white female aged twenty-nine years, was admitted to the 

Sydenham Hospital on June 2, 1932, with the diagnosis of serous pleurisy, possibly tubercu- 
lous. Examination of the fluid showed tlie absence of tumor cells, and the presence of an 
exudate with a large preponderance of lymphocytes and some hyaline material resembling 
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confirmed by tlic result of guinea pig inoculation. 

Case 4 -Airs. B. B„ a white female aged forty-tl.rce years, was admitted to the Syden- 
ham Hospital on Xov. 1C, 1031, with fluid in the right chest cough and pa.n on Bin mden 
A tap was productive of 750 c.c. of sanguineus fluid which showed on cytologic study large 
groups of neoplastic cells of the kind frequently seen in tumors of the ovary. Six subse- 



Fig. 3.— Authors’ Case 4. Chest fluid. A, Note mitoses; B, double nuclei. 



1- >s. 4 — Same case as Fig. 3. Chest fluid. Note close resemblance to cells in ovarian 

carcinoma- 

quent thoracenteses resulted in the same findings and gynecologic examination disclosed a 
large mass in the left adnexal region. Operation was performed and both ovaries removed. 
Microscopically there was a bilateral papillary adenocarcinoma of tlie ovaries Figs. 3, 4, and 5. 

Case 5. — Mrs. R. N., a white female aged thirty-four years, was admitted to the Syden- 
ham Hospital on Feb. 3, 1932, with a cough and a left-sided pleural effusion. Aspiration 
resulted in a sanguinous fluid that showed a denocareinoma. on microscopic study (Fig. 6). 
The roentgenologic diagnosis after the tap was metastatic involvement of the lungs secondarv 
to pleural malignancy. 

II -? V i SE C ’ — p -> a white female aged fifty-six years, was admitted to the Sydenham 
° Sp .\ a ° n Belj ' 15 ’ 1932 > Tritli P ai u in the chest, dyspnea even at rest, and paroxysms of 
Rung. There was no hemoptysis, and no signs of congestive circulatory failure. 
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Thoracentesis was productive of a hemorrhagic fluid which showed a probable pleural 
endothelioma. This was confirmed by x-ray, and later by necropsy at another institution 
(Fig. 7). 

Case 7.— Mrs. II. B., a white female aged eighty-threc years, was admitted to the 
Sydenham Hospital on Dec. 21, 1931, with a cystic mass the size of an orange in the right 
kidney region. It was found to be a cyst in the sacroiliac joint. The aspirated fluid showed 
an epithelial malignancy. Other metastatic foci were found at radiographic study, but the 
primary tumor was not located. 



Fig. 5. — Papillary adenocarcinoma (bilateral). Same case as Fig. 3. Ovarian tumor. A, Note 

resemblance to cells in chest fluid. 



Fig. 6. — Chest fluid in case of breast carcinoma. A, Note ductal formation and resemblance to 

breast tumors. 

Case 8. — Mrs. P. K., a white female aged thirty-eight years, was admitted to the 
Sydenham Hospital on Marcli 20, 1930, for parturition, with cough and pain in upper rigid 
chest. Two years previously she had had a right mastectomy for carcinoma. Roentgenologic 
study showed fluid in the right pleural cavity. At thoracentesis a. hemorrhagic fluid was 
found, which on section of the sediment with microscopic study thereof showed sheets of 
neoplastic epithelial cells. The patient later died at another institution. 

C ASE 9 _ jjr. ji. L., a white male aged forty-two years, was admitted to the Sydenham 

Hospital on April 25, 1932, with generalized icterus, loss of weight, weakness, and a vesicular 
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n* on Ins lower extremities. The axillary and inguinal lymph nodes were considerably 
enlarged. There was a marked pleural effusion which was tapped on two occasions, and each 
time showed the presence of many cosinopl.iles, reticulum cells, endothelial cells, and a 
suggestion of Dorothy-Reed cells. The diagnosis of Hodgkin’s disease was made, and con- 
firmed hr the subsequent course of the disease, although no biopsy was made. The patient 
is under "a deep x-ray therapy and follows a typical Hodgkin’s disease course. 

Cast. 10.— Mr. J. S., a white male aged forty-three years, was admitted to the Syden- 
ham Hospital with a history of sudden ascites that came on a few weeks previously. At 



Fig. 7. — Authors’ Case 6. Chest fluid. Mete typical foamy cells with vesicular nuclei. A, 

Mitoses ; B, double nuclei. 



Fie. 


-Authors' Case 8. Abdominal fluid. Mote diffuse carcinomatosis. Scirrhous tVDe 

arrangement. - 


laparotomy there were 10 quarts of fluid and a diffuse peritoneal carcinomatosis. Examitta- 
■on of the fluid sediment showed numerous large spheroidal epithelial cells with acidonhilic 
C ‘ and pyknotie nuclei (Fig. S). The primary focus was not located. 


ham IWt i vf M ' L ’ ® Wh ’ tC fcn,alc agod thirt Y Years, was admitted to the Srden- 
of weirt>r^\° n , Ma ' V , 3 ’ 1020 ’ " it! ‘ Va8UC abdominal I ,ains and ascites, associated with loss 
cells 3 v - d 5tr ™ Rtl> - The abdominal fluid was aspirated and showed numerous epithelial 
cells of various S1 „ and shapes with numerous mitotic figures. There were many h^e 
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cells, hydropic with the nuclei displaced to the periphery giving the typical “signet ring” 
cells (Pig. 9). The diagnosis was confirmed at operation. 

Case 12. — Mrs. B. II., a white female aged sixty years, was admitted to the Sydenham 
Hospital on July 3, 1.029, with a history of diabetes, complaining of dyspnea, and having 
fluid in the chest. Thoracentesis resulted in a hemorrhagic fluid which showed microscopically 
many epithelial cells piled up on a fibrinous basement membrane in papillary arrangement. A 
diagnosis of papillary carcinoma was made, but was not substantiated since the patient left 
after the fluid recurred, and has not. been heard from. 

Case 13. Dr. S. II., a white female aged forty-seven years, was admitted to the Syden- 
ham Hospital on Nov. (i, 1930, with dyspnea, cough, abdominal distention, and vague pains 
in the abdomen and chest. Radiograph disclosed the presence of large abdominal glands, 
and fluid in the chest. Hcmorrliagie fluid was removed which showed many pus cells and 
numerous reticulum cells and cosinophiles with endothelial cells of the type seen in Hodgkin's 
disease. The diagnosis was confirmed by biopsy. 

Case 14. — Mr. J. S., a white male aged thirty-six years, was admitted to the Sydenham 
Hospital on Jan. 27, 1932, with cough, expectoration of tenacious sputum (often blood-tinged) 



Uig. 9 . -Authors' Case 11. Abdominal fluid. A, Note typical “signet ring" cells as seen in 

Krukcnberg tumor of ovary. 

and dyspnea with pleuritic pain on both sides of the chest. At thoracentesis a hemorrhagic 
fluid was aspirated which showed many sheets of epithelial cells, many with mitotic figures. 
A diagnosis of epithelial malignancy was made, and in March, two months later, bone 
motastases were found. The patient died shortly afterward, and since no autopsy was per- 
formed the primary focus was never ascertained. 

Case 13. — Mrs. C. C., a white female aged thirty-seven years, was admitted to the 
•Sydenham Hospital on April 7, 1932, with a postpneumonic lung abscess, and fluid in the 
right chest. Aspiration was productive of a thick yellow fluid which showed no tumor cells, 
and many leucocytes. A negative diagnosis was made, and the patient subsequently re- 
covered. 

Cash 10. — Mrs. B. H., a white female aged fifty-eight years, was admitted to the 
Sydenham Hospital on Dec. 5, 1932, with precordial distress, weakness and loss of weight 
(50 pounds in two years). Her sputum was mucoid and blood-streaked. Large nodes were 
felt in the region of the bifurcation of the carotid (right). Aspiration of the fluid in the 
right pleural cavity produced brownish yellow fluid which showed on microscopic examination 
numerous spheroidal epithelial cells with round vesicular nuclei and many mitotic figures. 
A diagnosis of epithelial malignancy was made, and confirmed by x-ray, but the primary 
focus was never found. 
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C\se 17.— Dr. A. YV., a white male aged fifty-two years with loss of weight and pain- 
less jaundice for six months. lie had had a cholecystectomy two years previously, and prior 
to that had had a finger amputated because of an epithelioma which had developed due to 
his work with x-rays. The growth never recurred. Shortly before his death lie developed 
an ascites, which was aspirated and showed a clear amber fluid with many spheroidal 
epithelial cells with irregular nuclei and mitotic figures. A clinical diagnosis of carcinoma of 
the pancreas was made, but no further substantiating evidence was forthcoming. 

Case IS.— Mrs. T. S., a white female aged eighty-five years, with urinary disturbances, 
frequency, dysuria. Her bladder was washed and the washings on two separate occasions exam- 
ined as for cells in an effusion. The microscopic study showed many inflammatory cells and 
many sheets of papillomatous formations, that showed malignant changes in the cells. A diag- 
nosis of papilloma with malignant degeneration was made and confirmed by the cystoscopic 
examination. 

Case 19 —Mr. A. L., a white male aged fifty-three years, was admitted to the Sydenham 
Hospital on April 4, 1931, with complaint of pain in the right chest. Several tappings were 
productive of straw-colored fluid which failed to show any neoplastic cells, but did contain 
many lymphocytes and monocytes. Radiography disclosed a large mass in the middle lobe 
of the right lung, and a diagnosis of pulmonary neoplasm was made notwithstanding the 
negative reports from the laboratory and the presence of a positive Y\ assermann test. At 
autopsy a large gumma of the lung was found. 

Case 20. — Mr. S., a white middle-aged man was found by liis physician to have fluid 
in the pleural cavity. The physician aspirated this fluid, which was hemorrhagic in nature, 
and brought it to tiic laboratory for cytologic study. Paraffin sections of the sediment 
showed many plasma cells and many large, foamy cells, probably endothelial in origin with 
double nuclei and mitotic figures. A diagnosis of probable pleural endothelioma was made, 
but was not confirmed as the patient was lost track of. 

Case 21. — Baby T., a white male aged three and one-half years, was brought to his 
physician in a state of suffocation. The doctor suspected an enlarged thymus, had the child 
studied radiographically, and found fluid in the pleural cavities witli diffuse nodular growths 
in the lungs. Study of the fluid sediment showed many lymphocytes and monocytes with many 
reticulum cells. A diagnosis of mediastinal lymphosarcoma was made and confirmed by the 
x-rays and subsequent course of the disease. The child was improving remarkably with deep 
therapy, hut finally succumbed after two years. 


Case 22. — Mrs. YV., a white female aged sixty years, was treated by her physician for 
fluid in the chest. She had rapid refilling after each tapping. The fluid was hemorrhagic in 
nature and microscopically showed many sheets of palisade-arranged cells which were uni- 
formly round and oval, foamy with vesicular nuclei. A diagnosis of pleural endothelioma 
nas made and confirmed by autopsy later. 


Case 23.— Mrs. E. YY., a white female aged fifty-eight years, was admitted to the 
Sydenham nospital on Jan. 10, 1933, with abdominal ascites. She had been laparotomized 
at another hospital several months previously, and was admitted to this institution for 
paracentesis. A paracentesis resulted in 1,800 c.c. of straw-colored fluid which showed numer- 
ous epithelial ceils in solid clumps and in acinous formation. Many mitotie figures were seen. 
J dla 8 11 '>sis of epithelial malignancy was made and confirmed by the previous laparotomy. 

Case 24.— Mrs. A. M., a white female aged sixty-two years, was admitted to the Svden- 
<nm Hospital on Sept. 20, 1932, with marked anemia, some jaundice and a history of lo=s 
ot twenty-five pounds over a period of three months. A calculus was found in’ the left 
mney and also a lumbar arthritis was discovered. There was an abdominal ascites which 
• paraccntcsmyrnlded a straw-colored fluid. Microscopic study failed to reveal anv neo- 
• ic ce s. At operation there was a chronic cholecystitis with stones in the evstie and 
common ducts. She proceeded to make an uneventful recovery. ‘ 

Case 2.,.— Mrs. D. G., a white female aged thirty-seven vears, was admitted 

*• im - ***«w*r - iui »; a L 

and s discharged, but returned on Dee. 8, 1932, trith ascites and a rup- 
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tured duodenal ulcer. The abdominal fluid was examined microscopically and a diagnosis of an 
epithelial malignancy was made, but not confirmed at operation. 

Case 20. — Mrs. M. I)., a white female aged forty-one years, was admitted to the 
Sydenham Hospital on Jan. 27, 1033, with a history of illness for four months, her symptoms 
simulating an acute upper respiratory infection. Ilcr condition became progressively worse 
and the loss of weight became marked. She developed a large amount of fluid in the right 
pleural cavity. A thoracentesis was productive of GOO e.e. of bloody fluid, and three days 
later 400 c.e. more were removed. Microscopic study of the sediment showed an epithelial 
neoplasm. The radiographs gave a picture of primary growth of the lower lobe of the 
right lung. 

SUMMARY 

1. There is presented a modification of the present-day methods of utiliz- 
ing the sediment in exudates as tissues for histologic study. This modification 
causes less stress on the chemicai and physical properties of the cells, thus pre- 
venting their distortion and preserving them for diagnosis. 

2. Twenty-five cases, carefully cheeked up by subsequent histories, opera- 
tions, and autopsies whenever possible are added to the literature. 

3. The authors feel that the study of fluid sediments from a histopatho- 
logic viewpoint can prove a very valuable adjunct to clinical diagnosis, in ad- 
dition to pointing the way for therapy in doubtful cases. 
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SIMPLE METHOD OF DRYING PIPETTES*' 


Virginia M. Walker, Moberlv, Mo. 

A SIMPLE and inexpensive device for drying pipettes, where a laboratory 
does not have access to compressed air, may be made by using an ordi- 
nary air pump for automobile tires. 

This pump may he fastened securely in an upright position on the work- 
table near the sink. The rubber tubing is placed over the end of the pipette, 
and two or three pressures of air will be sufficient to dry any pipette of ordi- 
nary size. 

If one has a properly fitting adapter for a Luer type syringe, it may he 
placed on the end of the rubber tubing and hypodermic needles dried in tlie 

same way. 


•From the Woodland Hospital. 
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THE PURIFICATION OF GUM DAMMAR FOR USE AS A 
MOUNTING MEDIA® 


Lionel Benjamin, B.S., Chicago, III. 


G UM dammar, when in solution with the various well-known solvents, has 
always been considered an ideal mount-material affording better defini- 
tion of delicate detail than the commonly used Canada balsam, due to its light 
colored solution and low refractive index. In spite of these desirable qualities 
it has been little used for permanent mounts because it forms either macroscopic 
or microscopic granules which causes confusion when examined at a later 
date. It has a tendency to become acid, thereby affecting nuclear stains. The 
solution, upon standing, becomes cloudy and the dried film when deposited from 
a benzol or xylol solution is hard and brittle. No wonder that this resin has 
been relegated to the scrap heap. 

Gum dammar has been used in the varnish and lacquer industries for many 
years and while considered a very desirable resin, it presented many problems 
before it could be used to give a satisfactory film. Varnishes were first made 
by dissolving the gum in an appropriate solvent and sold to the trade as a 
cheap substitute. Under these conditions the dried film had a tendency to 
become white, powdery, and brittle. The films would not withstand shock 
or friction which made them undesirable. 

Chemically, gum dammar has been found to consist of dammarolic acid, 
alpha dammar resene, and beta dammar resene. The last named constituent 
being a waxy substance with a low tensile strength is less soluble in the ordinary 
solvents and has a tendency to crystallize out during the evaporation of the 
solvent. Many processes have been developed for separating this substance 
from the other two constituents.! which rely on the difference in solubility 
between beta dammar and alpha dammar combined with dammarolic acid. 
The resulting material after the separation has remarkable properties as a 
vamish gum. 


The author has had occasion to prepare many dammar-xylol solutions 
and has always been confronted with the above difficulties. By taking ad- 
vantage of the method of treatment used in the lacquer industry, the result- 
ing resin gave very desirable films, had none of the defects found in the raw 
gum so lution, and still retained its excellent optical properties. 


•Received for publication. March 2 . ir>32. 

1027. tUrltish Uatont No. 300.701 ; March In. 1S2S. 


German Patent No. 503.613; August 30. 


325 



326 


THE JOURNAL OP LABORATORY AND CLINICAL MEDICINE 


METHOD OF PREPARATION 


A good grade of clear Indian or Malayan dammar is put into solution in 
the following combination of solvents: 


Dammar 
Ethyl acetate 
Acetone 
Benzol 

Methyl alcohol 


•150 Grams 
5 7 c.c. 

57 c.c. 

2CG c.c. 

2S5 c.c. 


First mix the solvents thoroughly and then add the gum crushed to about 
the size of a pea. With occasional shaking during a period of four or live days, 
the resin trill be completely dissolved, leaving all debris and a white slimy 
stringy mass, the beta dammar, in the bottom of the flask. Allow this to 
settle and then filter the clear filtrate directly into an evaporating dish. Evapo- 
rate on a water-bath until the resin is hard and while still hot add an equal 
volume of xylol. The addition of the xylol to the hot or melted gum facilitates 
a solution readily. At this stage sodium bicarbonate in excess is added and 
the solution is stirred by a mechanical stirrer for a period of twenty-four hours 
to neutralize any free acidity. The excess sodium bicarbonate is allowed to 
settle and the clear filtrate is either decanted or poured through a filter. The 
gum solution is now evaporated on the water-bath to any consistency desired. 

In the event that the heating process lias darkened the resin solution, 
decolorizing may be effected by adding activated charcoal to the thin xylol solu- 
tion, heating for several hours on the water-bath, replacing the evaporated 
solvent and again filtering. 

The advantages of this process are that granules are not formed in the 
dried film, there is no acidity developed, the solution remains perfectly clear, 
the optical properties of the gum are not altered, and the resin does not dry too 
quickly, becoming hard and brittle. 


6113 Ecus Avenue. 
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BmRUBrN, Concentration and Precipitation of, in the Gall Bladder and Bile Ducts, 

Elton, N. W., and Deutsch, E. Arch. Path. 15: SIS, 1933. 

The purpose of this study was to determine whether any physiologic basis existed for 
the precipitation of bilirubin on preexisting nuclei. 

In a study of the concentration of bilirubin in the gallbladders and bile ducts of 
twenty-three cats and nine dogs the most dilute specimens were obtained, not from the 
hepatic ducts after cholecystectomy, but from the gallbladders as they were refilling after 
postprandial evacuation, and the most concentrated specimens were secured from gallbladders 
after the animals had fasted for from twenty-four to one hundred and forty-four hours. 
Hepatic duet bile after cholecystectomy invariably yielded a higher bilirubin content and 
icteric index than the early refillings from the gallbladders. 

The factor of bilirubin concentration for dogs was found to be 50.9, for cats, 40.4 
and for both animals together S3.3. According to the work of Kalk and Schondube, the 
factor for either of these animals is appreciably less than that found for man. 

The bilirubin icteric index ratio averages lower for gallbladder bile than for bile 
obtained from the hepatic ducts after cholecystectomy in these animals. 

Correlation of the refractive index with the quantitative bilirubin or the color intensity 
of bile indicates that a critical concentration exists at which bilirubin tends to precipitate 
out of solution. When this critical concentration is exceeded, the density of bile at once 
attains its maximum, being constant thereafter in spite of continued concentration. These 
findings indicate that a limit of crystalloid concentration exists, affecting bilirubin, bile 
acid derivatives and cholesterol, and effective when the critical concentration is exceeded, 
and that their further concentration can be only as suspended colloids or undissolved crystals. 

Studies on the concentration of bile during fasting showed that the maximum level of 
bilirubin is usually attained in the gallbladder within twenty-four hours, and that after 
this interval hepatic bile leaks into the duodenum. The density was found not to increase, 
even after six days of fasting, above the value attained in twenty-four hours. 

The aqueous (direct) van den Bergh reaction on fresh bile simulated any of the various 
types of reactions described for icteric serums, including immediate blue violet and Ted 
reactions, slow and delayed reactions and the negative reaction. 

Since gallstones are seldom found in the cat and the dog, the physiologic precipitation 
of bilirubin during its concentration in the normal gallbladders of these animals cannot 
be regarded as the exciting cause in the origin of biliaTy calculi, but affords a physiologic 
basis for deposition of the pigment on preexisting nuclei. 


AGGLUTINATION, H & 0 following Typhoid Vaccination and in an Unselected Group of 
Individuals, Dulaney, A. D., Wikle, W. T., Stewart, B. L., Bayfield, J. D„ Walker, 
J. K., and Preacher, A. B. J. Immunol. 24: 229, 1933. 

From a study of 90 serums from vaccinated (TAB) individuals and 100 un«eleeted 
wassermann serums it is concluded that: 


1. Typhoid vaccination stimulates the production of H agglutinins to high titers, 
agglutinins are also stimulated, but show much lower titers. 

2. O agglutination in serum dilutions of 1:100 was demonstrated in 26 per cent of 
vaccinated serums and 11 per cent of a random group of individuals. 

-crum°‘tl,l 0 M aSelUtinati0n " t0 haVe diaS110St ‘ c value in tFPhoid fever, higher dilutions of 

by FeUx (1:100) must be cmpl0 ^- Th * -om. 
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FECES, A Convenient Specimen Container, Frobisher, M. Am. J. Pub. Health 23: S51, 1033. 

The outfit consists simply of a 2-ounce, wide-mouth glass bottle with a cork stopper. 
A wooden tongue blade is cut into halves and one end of each piece is whittled to a sharp, 
flat point which is thrust firmly into a cut in the narrow end of the cork, the cut in the cork 
having previously been made with a paring knife. The cork is then fitted into the bottle 
and the whole sterilized in the hot air oven at 170 C. for two hours. 

A good grade of cork or a rubber stopper must bo used in order to avoid leakage if 
pressure develops. If a preserving solution is used, sterilization may be accomplished in 
steam. 

A slightly more expensive modification of this outfit may be made from sheet metal. 
The wooden paddle is replaced by a piece of metal, and this may bo fastened with a few 
drops of solder (necessitating steam sterilization) to the inside of a metal clamp or screw 
cover, very much in the same manner as small brushes arc supplied in cans of certain brands 
of automobile “touch up” paint. The possibility of bactericidal or bacteriostatic effects 
due to the metal must be taken into consideration before adopting such a device. Much 
will depend on the distance, time and temperatures involved in transporting the material 
to the laboratory. Both types of paddle can be used more than once. Metal paddles can 
be made spoon-shaped to facilitate the collection of liquid material. 

In collecting the feces specimen the spatula always remains with the bottle, it is not 
touched by anyone and no disposal or esthetic problem arises. 


TUBERCULOSIS: A Technique for Estimating the Number of Tubercle Bacilli in Sputum, 
Hughes, J. Am. Rev. Tubere. 28: 270, 1033. 


Preparation of Specimen and Smear . — One cubic centimeter of a 10 per cent solution 
of sodium hydroxide is pipetted into a test tube of 10 c.c. capacity, and 2 c.c. of sputum 
is added, along with three glass beads. The mouth of the test tube is flamed, and stoppered 
with a cork. The tube is then placed in a shaking machine in n horizontal position, and 
agitated. Because of the viscosity of sputum, pieces of ordinary glass tubing, I mm. i» 
diameter and 25 cm. in length and graduated by a mark with a file to deliver 2 c.c., have 
been used instead of the usual type of pipette. Sputum can be readily drawn up into 
such a pipette by means of a Luer syringe attached to it by rubber tubing. 

After being digested and shaken for thirty minutes the specimen is removed from 
the shaking macliine. The following technic is used in making smears: 

An area of 400 sq. mm. is marked off on the end of a one-inch microscopic slide by 
drawing with a diamond pencil a line 1.5 cm. from one end. This measurement introduces 
an error of less than 0.5 per cent. The slide is then cleansed by being placed overnight 
in a solution of alcohol, 07 c.c., and acetic acid, 3 c.c. By means of a standard loop, 3 nun. 
in diameter, made of platinum wire 0.4 mm. in thickness, sold by dealers in laboratory 
equipment, one loopful of serum used to fix the bacilli to the slide and one loopful of the 
digested sputum are mixed together on the slide, and are then spread in a uniform smear 
over the marked-off area of 400 sq. mm. The smear is dried in air, fixed by heat and stained 
by the usual Zielil-Neelsen teclmic. Ten scattered oil-immersion fields are examined and the 
average number of bacilli per field is estimated. This average is then corrected for the dila- 
tion of the sputum by sodium hydroxide by multiplying the number of bacilli seen per field 
by the factor 1.5. 

Since, in the present method, the 3 mm. loop used in making the smear delivers ap- 
proximately 3.5 c.mrn. of treated sputum, it is possible to estimate the number of bacilli 
in I c.mm. of sputum after calculating the average number of bacilli per microscopic field 
and the number of fields in the smear. This may be expressed by the following equation: 


Average number of. ba- Number of microscopic fields of smear 

cilli seen per micro- x — s-= 

scopic field x 1.5 


Number of bacilli in 1 
= c.mm. of untreated 
sputum 
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In the microscope used for this work there were 25,000 fields m the area of the smear, 
hut this figure will vary depending upon the sine of the oil-immersion field of different micro- 
scope?. It can ho readily determined for any microscope hy calculating the diameter of the 
oil-immersion field hv focusing on the rulings of a hemoc.ytomctcr that arc O.Oo mm. apart. 
In doing this it is accessary to use a No. 1 or No. 2 cover slip to cover the rulings, because 
the oil-immersion lens cannot he used with the heavier cover-slip provided with the licmo- 
cvtomctcr. 

Bv working out the equation for estimating the number of bacilli in 1 c.mm. the 
factor 10,71-1 was obtained, which, when multiplied hy the average number of bacilli per 
oil-immersion field, gave the number of bacilli in 1 c.mm, of sputum. 

RENAL FUNCTION': In Persons With One Kidney, Ellis, L. B., and Weiss, S. Am. J. M. 

Sc. 186: 242, 1033. 

The renal function of 12 patients who had undergone unilateral nephrectomy was 
studied by urea and creatinin clearance, concentration and phenolsulphoneplitlialein tests. Nine 
of the patients were quite healthy, 2 had pyonephrosis of the remaining kidney and 1 had 
hypertension. 

The 2 cases which were studied immediately after operation showed diminished values 
for the clearance and concentration tests. The tests on 7 other uncomplicated cases were 
normal in 2, and one or more of the tests were slightly abnormal in 5. The 3 patients with 
complications had marked impairment of renal function. 

In the absence of complications, the renal function of persons with one kidney is not 
only adequate, but possesses a reserve capacity as well. 

The observations confirm the value of urea and cTeatinin clearance tests in detecting 
early and quantitative reductions in glomerular function and of the concentration test as 
a measure of tubular reabsorptive power. 


RENAL FUNCTION; Normal Variations in Penal Function Tests, etc., Ellis, L. B., and 
Weiss, S. Am. J, U. Sc. 186: 223, 1033. 

On 12 normal subjects urea and creatinin clearance tests were performed and on 5 
subjects dilution concentration tests were carried out. These studies were made to show 
the normal variations of each test and the effect of changes in one test on the others, and 
to correlate the results with the physiologic functions of the kidney which they measure. 

The creatinin clearance test probably gives a close estimate of the absolute degree 
of glomerular filtration and the urea clearance provides a relative index of this function. 
Clinically, either test may be used. 

The ability of the renal tubules to reabsorb fluid is best measured by a concentration 

test. 

To attain as adequate an estimate as is possible by laboratory methods regarding the 
state of renal function, the tests mentioned together with an ordinary- examination of the 
urine will suffice. 

At best the information gained from these procedures merely supplements that ob- 
tained by the actual clinical observation of the patient. 


PELLAGRA: A Chemical Peculiarity of Pellagra Blood (Rapid Iodin Decolonization) 
Campbell, C. H. Am. J. M. Sc. 186: 266, 1933. ' 

Pellagrous blood reduces iodine solutions at a constantly greater rate than that of anv 
o <er blood thus far examined. This phenomenon is made the basis of a test which promises 
bop^ ° f Ch, T a ValU ° in tllC of PcEagra. Many pathologic conditions have not 

latiLnlh ’ lt - iS P ° SSiW0 that fUrtll0r K ° Tk n ' Ul t! 'at other conditions si mu- 

Un yJ L a . Sra ™- V f vc P° slt!vo reactions. However, the phenomenon of increased rate of 
lion 1 1 , : r,l0n7 ' at ‘ 0n hy t,lc erythrocytes in pellagrous blood may lead to fruitful informn- 
bon bearing on the etiology of pellagra, certain entities of avitaminosis and malnutrition 
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Reagents . — 

Alcohol-ether Mixture: A mixture of 3 volumes of 95 per cent ethyl alcohol and 4 
volumes of ether (commercial or anesthetic ether may be used; chemically pure ether has 
not been tried). 

Iodine Solution : Accurately prepared Lugol 's solution (5 per cent iodine in 10 per cent 
potassium iodide). 

Color Standards: Prepare a 3 per cent potassium dichromate solution and from this 
make the following dilutions: 1 to 5, 1 to 10, 1 to 20, 1 to 40, 1 to SO, 1 to 120, 1 to 240. 
Place these standards in a series of test tubes of the same internal diameter. 

Procedure . — 

Liquid Petrolatum. Five cubic centimeter samples of normal or nonpellagrous (con- 
trol) and of suspected pellagrous venous blood are withdrawn and quickly introduced to 
15 c.c. centrifuge tubes containing 5 c.c. of liquid petrolatum. The time of collection of 
each specimen must be recorded. As each sample is collected, the tube is stoppered and 
shaken very vigorously until the blood is defibriuated. This may best be accomplished by 
striking the stoppered end of the tube against the palm of the opposite hand. The speci- 
mens are then allowed to stand for thirty to forty-five minutes, after which they are again 
vigorously shaken and centrifuged at 1,000 revolutions per minute for 5 minutes. Before 
the second shaking it is advisable to remove the stoppers momentarily to permit the entrance 
of air for adequate oxygenation. When the tubes are removed from the centrifuge three dis- 
tinct layers may be distinguished, namely, an upper layer of fibrin and oil, a middle layer 
of serum and a lower layer of erythrocytes, leucocytes, etc., which the author shall designate 
the erythrocytic layer. If any sample has not been properly defibrinated clots will be present 
in the lower layer. Such samples should be discarded. One cubic centimeter samples of 
the erythrocytic layers are now transferred by means of serum pipettes to test tubes of 
the same diameter as those of the standards. In the removal of these samples from the 
erythrocytic layer, care must be taken that no oil, fibrin or serum enters the pipette by 
capillary action as it passes through the two upper layers. 

Exactly one hour after taking the venous blood specimen, add to the corresponding 
erythrocytic sample, slowly and without shaking, 5 c.c. of the alcohol-ether mixture and 
stopper the tube tightly. After the alcohol-ether mixture has been added to all samples, 
let them stand for approximately 6 hours at room temperature (25° to 30° C.). At the end 
of this time add in rapid succession to each tube by means of an accurate micro pipette 
(Folin micro blood pipette or Kahn serologic pipette) a 0.1 c.c. portion of the iodine solu- 
tion. Mix gently and replace the stoppers. 

BLOOD: A Study of a Lymphocytic Hemogram, Reich, C., and Reich, E. Am. J. M. Sc. 

186: 278, 1933. 

A lymphocytic hemogram has been studied, using basophilia of the cytoplasm as a 
criterion of the age of the lymphocytes. 

The lymphocytic formula is stable in health, but is more labile than the Schilling in- 
dex, and cannot be used to gauge the severity of an infection. Its shift to the left in in- 
fections nevertheless indicates that the lymphocytes take an active part in combating these 
conditions. 

The lability of the lymphocytic index makes it valuable in detecting minor infections 
which do not disturb the more stable Schilling index. 

The lymphocytic index is superior to the Schilling in guarding the progress of con- 
valescence, and' a patient should not be regarded as entirely well until the lymphocytic 
formula has returned approximately to normal. 

Analysis of the experimental data shows that there is a fairly constant lymphocytic 
formula for normals. For adults this can be expressed as Y forms, 5 per cent; M forms, 
50 per cent; O forms, 45 per cent. Variations occur in this formula under different con- 
ditions, and we can, therefore, speak of a shift to the left or to the right of the lymphocytic 
index, depending upon whether the number of younger forms is greater or less than norma 
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A comparison with the Schilling index in each case shows that the two <lo not run parallel. 
The lymphocytic index is not as stable as the Schilling and will shift to the left just as 
easily" in a mild as in an acute infection. Even though the lymphocytic formula cannot be 
used to gauge the severity of an infection, its shift to the left in these conditions never- 
theless indicates that lymphocytes take art active part in combating bacterial invasion. Tltis 
is seen bv the increase in V and M forms and the decrease in O forms in practically all 
eases of infection. 

The lability of the lvmphocvtic hemogram makes it valuable in the detection of minor 
infections which do not disturb the more stable Schilling index. Interesting and confirma- 
tory evidence for using basophilia as a criterion of the age of lymphocytes is seen in the 
study of the lymphatic leucemias. The marked increase in the proportion of Y and M 
forms in these cases represents the well-known hyperactivity of the lymphatic system in 
these diseases. In the myeloid leucemias there is also an increase in lymphocytic activity 
and a shift of the index to the left. 

It is also of interest to note that, according to the lymphocytic index, most patients 
are not entirely well on being discharged from the hospital and that the period of con- 
valescence is probably much longer than usually expected. A patient should not be regarded 
as entirely recovered from an infection until the lymphocytic formula has returned to 
normal. 

Technic . — White and differential counts were done for each observation. The total 
white counts were done with carefully standardized pipettes, and the films were made on 
slides, care being taken to keep them “rim free.” The stain used was Wiseman’s Wright- 
Gicmsa. An average of 200 leucocytes was counted and the lymphocytes were divided into 
three classes: Y (yonng), M (medium), and O (old) forms, according to the degree of 
basophilia of their cytoplasm. The Y forms have a deep blue cytoplasm, the M forms mod- 
erately blue and the O forms are faintly blue or colorless, and usually show azure granules 
in the cytoplasm, although the AI forms occasionally show them too. A little practice with 
the above technic will make the three divisions clear. It is necessary, however, that the 
lymphocytes be examined in those parts of the film in which the red cells do not overlie, as 
in the thick portions of the film tire lymphocytes are likely to overstain. The total number 
of lymphocytes is noted as well as the number of Y, il and O forms, and the percentages 
of each are then easily calculated, the procedure being similar to that followed in enumerat- 
ing the different forms of polymorphonuclears when doing the Schilling index. When the 
total number of lymphocytes is low it is best to count 300 to 500 white cells to insure more 
accurate results. The polymorphonuclear leucocytes were tabulated according to the Schil- 
ling method in each instance in order to compare the granulocytic and lymphocytic indices. 


BENAL FUNCTION: The Fractional Phenolsulphonephthalein Test in Bright’s Disease, 
Chapman, E. M., and Walsted, J. A. Am. J. II. Sc. 186: 223, 1933. 

The fractional method of estimating the elimination of phenolsulphonephthalein (15 30 
GO and 120 minutes) has been studied in the past two years in 20 normal subjects and a laTge 
number of patients with suspected renal disease. 

The authors have found that in Bright’s disease the fractional test may show evidence 
of impaired renal function when the test as usually done, with hourlv collections is inter 
preted as normal. ‘ 

.. . T J'i s factional test is quite as informative as the urea clearance test and reflects the 
diminishing function in progressive kidney disease. 

Since it is easier to perform, it is the method of choice for routine clinical work. 


BLOOD; The Neutrophil in Pernicious Anemia, Heck, P. J., and Watkins, C H Am T 
Clin. Path. 3: 2G3, 1933. ' J • 

r ^‘fty cases of pernicious anemia, in all of which there was achlorhydria 

ncutroplfll'is theSTjw? TTt*' lECTeaS<!tl to the 

hypersegmented neut’ro’hil ^ * S a left sW,t and absence of the 
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In three cases in which there were morphologic changes of pernicious .-r- -— ir sit 
presence of a <3 ornate quantities of free hydrochloric acid, tat in whiff- osier chars cterist:: 
symptoms of pernicious anemia were assent, no essential differences conic K found from 
the former group. 

There is no invariable pathognomonic blood picture of pernicious anemia, since tit 
same changes in ay be demonstrated in sprue and occasionally in an indeterminate green or 
anemias. 

S PIE 0 CHET A PALLIDA A 2>~ew Method of Staining (Stt Di tTn Kttoro Metcdo D: 

Coloraaione Del Treponema Pallidum), PinettL D. Diagm E. Teehn. Di Lab. 4: O'. 

1933. 

Pinetti has had excellent results with the modification of Romby's method which is 
described below: 

Eeapeitle . — 

A. Acetic Copper Solution: 

Chloride of copper gr. (sen?) 1 

Acetate of copper gr. (gmf) 1 

Acetic acid, glacial 15 c.c. 

Dissolve the copper salts “as far as possible’ •' in cold distilled water (volume not stated) 
with frequent shaking and allow to stand 30 minutes. Then heat to boiling and allow to 
cool, when the acetic acid is added. Filter twice through filter paper and keep in a weh- 
stoppered dark-colored bottle. 

If turbidity develops in the solution on standing the dear, emerald-green color can be 
restored by the addition of a few drops of glacial acetic acid. 

B. Fixing Solution: 

Osmic add gr. (gmj) 1 

Distilled water 400 c.c. 

C. Staining Solution: 

Freshly prepared carbolfuchsin (Ziehl Xeelson). 

Method . — 

L Cover the smear with a freshlv prepared mixture of equal parts of A and B and 
allow to act for ten minutes. If necessary, add more solution so that the entire surface of 
the slide remains covered. 

2. Pour off the solution and drain. 

3. Without washing, cover with the stain and allow to act for five minutes. 

La a properly stained slide the treponema are seen as violet red on a rose-co3ored back- 
ground. Spirilla, and other organisms are deep red. A deeply stained background indicates 
an error of technic or in the preparation of the reagents. 

Equally good results may be had by using, instead of carbolfuchsin, the stain below: 

Victoria blue (Gruhler, B4) gr. (gm?) 1 

Thymol gr. (gm?) 0.20 

Methyl alcohol 30 c.c. 

Distilled water 70 c.c. 

With this stain, applied as above described, the treponema are an intense blue black, 
their delicate structure being exceptionally well seen. 

The background is clear, precipitate being rare. 
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Boots and Monographs for Review should be sent direct to the Editor, 
Dr, Warren T. Vaughan, Professional Building, Richmond, \ a- 


Red Blood Cell Diameters* 

See Editorial in this issue. 


Manual of Urology' 

'T’HE purpose of this manual is to present the fundamentals of urology so that they may 
1 be easily grasped by the student approaching this subject. 

The arrangement of the subject matter is designed to emphasize the etiological factors 
concerning the disease in question in the discussion of which, as the book is intended for the 
student, only generally recognized conclusions are presented. 

To those who are desirous of obtaining a fundamental groundwork in urology upon 
which to erect a comprehensive knowledge of the subject this book can be recommended as 
eminently suitable for the purpose. 


Blood Pictures* 

’This small volume, addressed to the practitioner, has for its purpose the presentation 
* of simpler methods of hematological examination, followed by brief resumes of the blood 
pictures in disease and their interpretation. 

The book is succinct in style and serves, as the title indicates, as an introduction to 
the subject. 

This, the third edition, has been revised in keeping with the advances made in this 

subject. 


The Common Cold? 


THIS, the Eighth Volume of the Annals of The Pickett-Thomson Research Laboratory, 
is devoted to a comprehensive discussion of the common cold with special reference 
to the part played by streptococci, pneumocoeci, and other organisms. 

The publications from this laboratory need no introduction and it is almost unneces- 
sary to say that the present volume is in keeping with and worthy of the standard set 
by its predecessors. 

As is now well recognized, the common cold constitutes one of the most — if not the 
most — important factors in the morbidity and mortality rates of the civilized world and 
because of its economic importance as a cause of physical wastage and inefficiencv, has 
become the subject of concerted and intensive study. 


lord IS. U ^-nr?2 M cFo th (I - nd) Humphre >- °- 

3 ?f pages, 

S B >- Cecil Prlce-Jones. Cloth. 72 
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In three cases in which there were morphologic changes of pernicious anemia in the 
presence of adequate quantities of free hydrochloric acid, but in which other characteristic 
symptoms of pernicious anemia were absent, no essential differences could be found from 
the former group. 

There is no invariably pathognomonic blood picture of pernicious anemia, since the 
same changes may be demonstrated in sprue and occasionally in an indeterminate group of 
anemias. 

SPIROCHETA PALLIDA, A New Method of Staining (Su D1 Tin Nuovo Metodo Di 

Colorazione Del Treponema Pallidum), Pinetti, D. Diagn. E. Techn. Di Lab. 4: 206, 

1933. 

Pinetti has had excellent results with the modification of Hornby’s method which is 
described below: 

Rea gouts . — 

A. Acetic Copper Solution: 

Chloride of copper gr. (gm?) 1 

Acetate of copper gr. (gm?) 1 

Acetic acid, glacial 15 c.c. 

Dissolve the copper salts "as far as possible’’ in cold distilled water (volume not stated) 
with frequent shaking and allow to stand 30 minutes. Then heat to boiling and allow to 
cool, when the acetic acid is added. Filter twice through filter paper and keep in a well- 
stoppered dark-colored bottle. 

If turbidity develops in the solution on standing the clear, emerald-green color can be 
restored by the addition of a few drops of glacial acetic acid. 

B. Fixing Solution: 

Osmic acid gr. (gm?) 1 

Distilled water 400 c.c. 

C. Staining Solution: 

Freshly prepared earbolfuelisin (Zielil Neelson). 

Method . — 

1. Cover the smear with a freshly prepared mixture of equal parts of A and B and 
allow to act for ten minutes. If necessary, add more solution so that the entire surface of 
the slide remains covered. 

2. Pour off the solution and drain. 

3. "Without wasliing, cover with the stain and allow to act for five minutes. 

In a properly stained slide the treponema are seen as violet red on a rose-colored back- 
ground. Spirilla, and other organisms are deep red. A deeply stained background indicates 
an error of technic or in the preparation of the reagents. 

Equally good results may be had by using, instead of earbolfuelisin, the stain below: 

Victoria blue (Gruhler, R4) gr. (gm?) 1 

Thymol gr. (gm?) 0.20 

Methyl alcohol 30 c.c. 

Distilled water 70 c.c. 

With this stain, applied as above described, the treponema are an intense blue black, 
their delicate structure being exceptionally well seen. 

The background is clear, precipitate being rare. 
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EDITORIAL 


Erythrocyte Diameters 

FOLLOWING the development of the modem methods in the study and treat- 
A ment of pernicious anemia, interest in erythrocytology has been widely 
awakened. Smears that formerly would have been classed as indicative of sec- 
ondary anemia have occasionally been found to be those of primary anemia. 
Smears that most pathologists would interpret as characteristic of pernicious 
anemia have been found to occur in patients that do not have primary anemia. 
There appears to he a distinct group of this second class. Not infrequently one 
observes blood smears with cleai’-cut macroeytosis, with or without anemia, which 
are definitely not associated with pernicious anemia. As a consequence the 
measurement of erythrocyte diameters not infrequently becomes a matter of 
diagnostic laboratory' routine. 

Attempts to measure red cell diameters are by uo means new. While some 
of the earlier methods were crude and the conclusions were not altogether cor- 
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The present volume, because of its comprehensive review and summary of the work 
thus far done, ranks ns a study of first importance and may well be read by all who 
are interested in this subject. 

Starting with a review of the structure and physiology of the nose and nasal sinuses, 
the researches concerned with the bacteriological flora of the healthy nose, nasopharynx, 
mouth, trachea, bronchi, and lung alveoli are next described as determined not only by 
the investigations of the authors, but also as reported in the literature of the world. 

The plurality or nonplurality of colds as a disease, the relationship of the common 
cold to influenza, and the noncontagious colds are next considered, followed by exhaustive 
studies of the role of various specific organisms as causative agents. Subsequent chapters 
discuss various predisposing factors, complications, treatment and prevention so that, all 
in all, the volume is practically encyclopedic in its handling of the subject. 

The authors' views deserve careful consideration and can only briefly be summarized 

here. 

They are not convinced that the common cold is a definite single disease but regard 
it as a group of diseases, arising from varied causes. They recognize, hence, bacterial 
colds, allergic colds, and possibly virus colds. While not unmindful of the work done 
concerning the part played by a filter-passing virus as an etiological agent of colds, they 
believe that to regard all colds as so caused is carrying the theory too far and casting 
aside without warrant the work proving the important, relation of bacteria. 

They are convinced that the commonest bacterial variety of cold is the pneumococcal, 
followed by the streptococcal and strcptopneumococcnl. Of importance, also, are the 
colds due to invasion by Pfeiffer 's bacillus, and At. catarrhalis, other bacterial colds 
being infrequent.. They comment, also, that it has not yet been shown that filtrable 
forms of these bacteria may not be the answer to the filter-passing virus theory. 

It is impossible, in the space available for review, to convey more than a mere 
outline of the ground covered by this most comprehensive and valuable report which 
should be available to all laboratory workers and may well be read with profit by the 
physician at large. 

The format and the excellent inicropliotogrnphic illustrations will be familiar to those 
who have seen the previous volumes of this series. 

As this reviewer has previously said, it seems a pity that these volumes of such 
value should not have a more durable covering than paper, for they arc sure to be well 
read and frequently consulted. 
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EDITORIAL 


Erythrocyte Diameters 

FOLLOWING the development of the modem methods in the study and treat- 
ment of pernicious anemia, interest in erythrocytology has been widely 
awakened. Smears that formerly would have been classed as indicative of sec- 
ondary anemia have occasionally been found to be those of primary anemia. 
Smears that most pathologists would interpret as characteristic of pernicious 
anemia have been found to occur in patients that do not have primary anemia. 
There appears to be a distinct group of this second class. Not infrequently one 
observes blood smears with clear-cut roaerocytosis, with or without anemia, which 
are definitely not associated with pernicious anemia. As a consequence the 
measurement of erythrocyte diameters not infrequently becomes a matter of 
diagnostic laboratory routine. 

Attempts to measure red cell diameters are by no means new. While some 
o the earlier methods were crude and the conclusions were not altogether cor- 
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rect, it is indeed surprising how accurate they were, considering the methods 
available. Cecil Price- Jones in his very informative monograph on Bed Blood 
Cell Diameters reviews the history of this phase of hemocytometry in conjunc- 
tion with his presentation of his own very detailed studies of the measurements 
of red cells in disease and in health. 


As long ago as 1673, Leeuwenhoek attempted measurement by the very 
crude method of placing minute grains of sand in a row, one inch long, all grains 
being as nearly as possible the same size. By counting the number of grains in 
contact to make an inch, he was able to estimate the diameter of one grain in 
terms of fraction of an inch. With this grain for comparison he attempted to 
measure red cell diameters. Later investigators substituted lycopodium spores 
with a mean diameter of % 40 of an inch for the sand grains. 

Jurin in 1718 twisted fibers of silk or hair around a pin, with the successive 
twists in close contact: counted, under the microscope, the number of coils per 
unit measure, thereby determining the mean thickness of the hair. A segment 
of the hair was then compared with erythrocytes. This method was not alto- 
gether satisfactory since the hairs and fibers varied in thickness. He calculated 
the erythrocyte diameters in one series as averaging 7.75 microns, and in an- 
other series 12.5 microns. 

de Senae in 1749 compared red cell diameters with a standard line, con- 
cluding, first that they measured 7.22 microns, later 7.69. Hewson in his 
famous work on the blood (1770) makes no definite estimate of the size of the 
erythrocytes but does state that the size varies in different animals and sometimes 
in the same animal, and again at different periods of life. This was particularly 
true in the chick. 


Prevost and Dumas (1S21) employed binocular vision, observing the cells 
through the microscope with one eye while their image was superimposed upon 
a scale placed next to the microscope and seen with the other eye, with accom- 
modation relaxed. They estimated the mean diameter as 6.6 micra. Young in 
1823 attempted measurement by comparing the luminous halo surrounding the 
erythrocytes with that surrounding other objects of known diameter, and of 
approximately the same size, concluding that the diameter of the human red 
corpuscle was between 5 and 6 microns. 


Lister, the father of Lord Lister, and his associate Hodgkin, using Amici ’s 
camera lucida (1827) selected 8 microns as the correct size. Gulliver in 1846, 
using a micrometer eyepiece found the diameter of human red cells to average 
7.61 microns. He found that of the elephant, 9.1; the whale S.03; the musk 
deer 2.02; the cat 5.6; and dog 7.05. 


Price-Jones using a projection apparatus adjusted for a magnification of 
1,000 (1910) measured the resultant images with a millimeter scale, recording 
these figures directly in terms of microns. He found the mean diameter in healthy 
persons based upon measurement of 10,000 cells to be 7.21 microns, with a mean 
range from 6.96 to 7.49 (1922). In a later series based upon measurement of 
50 000 red cells, the normal diameters were found to range from 4.75 to 9.50 
with a mean diameter of 7.202, a standard deviation of 0.487 and a coefficient 
of variation of 6.325 per cent. 
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In measuring erythrocyte diameters Price- Jones emphasizes the need for 
a standard and unvarying technic in preparation. His technic is briefly as fol- 
lows: A thin spread, air dried, fixed and stained with Jenncr stam for two 
minutes; washing with distilled water and drying, followed by a two-mmute 
super staining with weak aqueous solution of cosin. Deviations from this 
standard procedure were found to sometimes produce changes in the mean 
diameters. He prefers counts of 500 cells, with a minimal number compatible 
with reasonable accuracy of 200. Largest and smallest diameters aic taken foi 
each cell, the diameter value of the coll being the average of these two. The 
arithmetic mean, the standard deviation, and coefficient of variation are then 
calculated mathematically. 1 

Priee-Jones finds, even iu normal individuals that there is a distinct diurnal 
variation in red cell diameters, probably dependent upon the hydrogen ion con- 
centration. There is a gradual increase in size during the day, with a diminu- 
tion during sleep. The variation may amount sometimes to as much as 0.6 
microns. Gentle exercise has no apparent influence but violent exercise increases 
diameters. Nevertheless rest in bed throughout twenty-four-hour periods does 
not abolish the diurnal variations. The increase in size following violent ex- 
ercise may amount to as much as 0.6 microns. 

The observation that local cyanosis increases diameters, anywhere up to 0.4 
microns, emphasizes the need for obtaining specimens without the use of a 
tourniquet. Cells in venous blood are larger than those in arterial blood. 

These variations in size appear all to be due to changes in hydrogen ion 
concentration, the swelling being associated with a decrease of alkalinity. It 
has been shown both in vitro and in vivo that an increase in concentration of 
lactic acid or of carbon dioxide causes swelling. The washing of C0 2 out of the 
blood by forced breathing was found to diminish the mean diameter by 0.5 
microns. Discontinuance of forced breathing brought a rapid restoration to 
normal diameters. There is evidence that the blood is more alkaline during 
sleep than in the daytime. 


Pulmonary emphysema, especially when associated with some degree of 
cyanosis is accompanied by macrocytosis, the mean diameters ranging from 7.33 
to 8.17 with a mean diameter for the series of 7.69. On the basis of the same 
considerations it seems entirely possible that certain chemical poisonings should 
produce a macrocytic anemia suggestive on microscopic examination of per- 
nicions anemia, but in no way connected with the latter disease. Indeed Beck 2 
has described a blood picture following low grade chronic carbon monoxide 
poisoning, almost indistinguishable from that of pernicious anemia. 


The mean diameter following hemorrhage is lower than the mean for 
healthy persons, averaging 6.879 with a range from 6.3 to 7.225. The distribu- 
tion curve is shifted to the left of the healthy curve. There is greater variation 
m the curves, the coefficient of variation averaging 10 per cent, due presumably 
o the mixture of two types of cells, the mature red cells and smaller, newly 
lormed cells which have been poured into the circulation as a result of sudden 
o\ erstimulation of the marrow. 


n 7 - T . n an emia, Price-Tones found a variation in diameters from 

• • to i.i.U, with a mean diameter of 8.31, over one micron greater than the 
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average for healthy red cells. The coefficient of variation was as high as 16.3 
per cent and the excess of large cells resulted in a megaloeyfosis of 40.4 per 
cent. Microcytosis was also present, in about 75 per cent of the cases. 

The mean cells of normal persons show a curve of variation which is 
sharply pointed and quite symmetrical. That for pernicious anemia has a much 
broader base and is decidedly irregular, usually asymmetrical. This suggests a 
heterogeneous population of red cells. It seems probable that in the blood of 
pernicious anemia there are at least three classes of red cells: large cells derived 
from megaloblasts which have failed to mature due to the lack of the specific 
intrinsic liver factor; normal size cells from what bone marrow is still reacting 
normally; and small cells which owe their origin to the same causes which are 
active in simple acute hemorrhage, that is extra stimulation of bone marrow 
caused by abnormal destruction of erythrocytes. That these three classes actu- 
ally exist is further suggested by the observation that the degree of anisocytosis 
varies directly with the degree of anemia, while the red cell diameters are inde- 
pendent of the degree of the anemia. It would appear that the disease is re- 
sponsible for the macroeytosis and is associated with the absence of the in- 
trinsic liver factor, but that the presence of microcytes is directly due to bone 
marrow stimulation resulting from the anemia. Following liver treatment the 
macroeytosis becomes Jess pronounced. Indeed in many cases the mean diameter 
returns to normal. 

The mean diameter in microcytic anemia, the chlorotic anemia occurring 
particularly in women during the child-bearing period and often associated 
with gastric subacidity or anacidity, was found by Price-Jones to be 6.4S microns 
with a range from 6.2 to 6.7 microns. 

The observations on red cell diameters reviewed above indicate not only 
the large amount of work which has been done in this field but also the pos- 
sibilities for future contributions which may be made by those who in their 
routine work will recognize the apparent slight deviations from normal which 
null bear further quantitative study and which may lead to a clearer under- 
standing of the subject. 
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Erratum 

In the article by Drs. Macht and Paulson Phytopharmacology of Stomach 
Wash nigs in Various Digestive Disorders and Pernicious Anemia published m 
the November, 1933, issue, page 164, line 32, the percentage should read 86 
instead of 6. 
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CLINICAL AND EXPERIMENTAL 

SURGICAL MAGGOTS IN THE TREATMENT OP INFECTED WOUNDS: 
RECENT APPARATUS AND METHODS IN MAGGOT 
PRODUCTION AND RESEARCH* 


W. Robinson, Ph.D., and S. \Y. Simmons, A.M., Washington, D. C. 


A PREVIOUS article in this Jourxab 3 and a recent circular of the U. S. 

Bureau of Entomology' 1 describe the biology of the blow flies and the pro- 
duction of sterile maggots. The present discussion deals with some recent 
devices and methods which have been found useful in maggot culture and 
research. 

Culture Bottles for Sterile Maggots . — Aseptic rearing of maggots is carried 
on best in small lots. The principal reason for this is that if contamination is 
detected the loss in discarding that lot is correspondingly less when a small 
culture is used. Lots containing from 700 to 1,000 seem to be preferable. 

For a culture of that size a wide mouth specimen bottle, Fig. 1 B , makes a 
simple and useful container. Shoulders are almost absent in this type of 
bottle which facilitates the removal of the maggols and food at the time of im- 
plantation. This is a stock bottle 3 inches high, 3*4 inches wide with a mouth 
opening of 1!4 inches. It is made of heavy glass and is quite inexpensive. 
Shell vials of similar dimensions have been found useful also, but as they do 
not appear to be carried in stock by supply houses they have to be made up bv 
a glass blower. Satisfactory results have also beeu obtained with the Naples 
stainin g jar, Fig. i x. It is made of heavy glass and has a base which prevents 
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tipping. It costs about the same as the shell vial, both of which are more ex- 
pensive than the stock wide mouth bottle.* 

When being prepared for use, the containers are plugged with gauze- 
covered cotton and sterilized in a hot-air oven at 150-100° C. for one hour. 
The food (described later) is then added and autoclaved. Wire letter baskets 
are convenient for holding the containers. 

Rearing Cage for Brood Larvae . — To replace fly colonies when egg pro- 
duction begins to decline, a certain proportion of maggots must be reared 
through to the adult stage. This process is somewhat different from produc- 
tion of sterile maggots and requires a different container. The biology involved 
in maggot rearing is discussed in the earlier article. 3 By far the most satis- 



Fig. 1. — Food containers for cultvire of sterile maggots : A t Naples jar ; B, specimen bottle. 


factory cage for brood larvae, which this laboratory lias used, is the double 
container illustrated in Fig. 2. It consists of an outer cage enclosing a food 
container and sand for pupation. It is a very simple device and easily obtain- 
able. The outer cage may be a large glass beaker, a dressing jar, or preferably 
a commercial oiled-fiber can, as shown in the illustration, one-half gallon size, 
5% inches high and 5% inches in diameter. The fiber cans are quite inexpen- 
sive and are useful for other purposes in the laboratory. 

When the cage is being prepared for use, the material used for the migrat- 
ing larvae (discussed later) is placed in the outer container. The inner one 
is then introduced. This may be similar to the outer one, but of much smaller 
size. If the fiber can is used, the inner one may be either a half-pint or pint 
size, preferably the former. With the meat and eggs added, this container is 


•In case of„uncertainty as to -where to purchase these or other special articli es mentioned, 
the Bureau of Entomology Trill, upon request, supply the necessarj information. 
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placed within the cage and left uncovered. The outer cage, however, should 
be covered, to exclude parasites, which may become troublesome. Gases form 
during larval feeding and, if allowed to accumulate within the cage, tend to 
cause premature migration. Some ventilation is therefore necessary. A layer 
of cheesecloth makes a suitable covering, or, if observation is desired, perforated 
cellophane will be found convenient. If the fiber can is used, the cover may 
easilv he attached by pressing the circular top out of the lid and using the rim 
as a collar to keep the cloth or cellophane in place. 

With the closed container as described, the rearing of larvae for propa- 
gation requires but little attention. It should be noted, however, that an abun- 
dance of meat is necessary. Undernourished larvae will pupate but will de- 
velop into small flies with poor egg-laying capacity. The larvae will feed until 
full grown and then migrate without further care. Because of their compact- 
ness, these cages occupy little space within the incubator. 



rig. 2. — Rearing cage for brood larvae. One sectioned to show construction, and the other 

ready for use. 

Material for Pupation of Larvae . — When the larvae begin migrating from 
their food, they must be provided with a suitable place for pupation. When 
this is supplied the maggots will enter at once; otherwise they will wander 
and possibly escape. Various materials, such as sand, shavings, sawdust, ground 
cork, and the folds of cheesecloth, have been used; but fine, clean sand is recom- 
mended by this laboratory. When sand is used it is very easy to recover 
pupae, when desired, by sifting. It is also available at most laboratories. 
About one inch of sand placed in the bottom of the outer container is sufficient. 

The Water Fountain . — Where honey-yeast mixture is used as food for the 
adult flies, it will be noted that the mixture tends to dry out over hot week- 
ends. Granulated sugar is an excellent substitute at such times; but when 
used, a supply of water must be provided. To avoid drowning of the flies, water 
is best supplied by means of a fountain. Several kinds have been tried 
but the most satisfactory one is the type described by Miller. 3 It consists of a 
50 C ' C ' bcaker placod inverted upon a layer of filter paper in a Petri dish. The 
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lip of the beaker ensures a sufficient flow of water to keep the paper moist. 
Such a fountain will provide enough water for a cage of 150 flies for three or 
four days. 

Determination of Number of Eggs . — In research in the field of maggot pro- 
duction it is sometimes necessary to know the number of eggs laid or to isolate 
a definite number. The eggs are usually laid- in masses and remain attached 
to one another because of their mucoid surface. Estimating the number by 
the size of the clump has been found to be unreliable ; on the other hand, count- 
ing individual eggs after separation is very tedious. 

A method of determining the number by weight has been found satisfac- 
tory. A standard or constant was obtained by taking numerous egg-masses 
periodically from different- colonies, weighing them, and separating and count- 
ing the eggs. In this way it was found that on the average 9.9 eggs weigh one 
milligram. This average may vary slightly from time to time and should 
be cheeked. 

To make a determination, therefore, of the number of eggs in any clump 
it is necessary only to weigh the mass accurately and multiply the number of 
milligrams by the constant. An analytical balance should be used, preferably 
one of the modern type which permits rapid adjustment in milligrams. The eggs 
may be conveniently weighed upon a glass or tin foil plate. 

Egg Viability Tests . — In the production of sterile maggots it will be found 
that a certain proportion of the eggs frequently fails to hatch. While this 
may not be important in routine maggot production, it is of significance in 
research, and determination of the percentage of failure under various condi- 
tions is sometimes necessary. The following method of determining viability 
has given good results. 

Sterilized larval food is used in the test because the formation of molds or 
colonies of bacteria over the eggs prevents hatching. A few cubic centimeters 
of 1 per cent solution of plain agar in water is poured into the Naples jars or 
shell vials previously described. Small pieces of raw liver are then dropped into 
the agar. The pulverized liver mixture of Bucliman and Blair 1 also gives good 
results. The containers are then plugged and autoclaved. The eggs used in 
the viability tests cannot be sterilized, as that would introduce another factor 
affecting hatch. A known number of eggs, probably 200 to 300, are placed 
without injury upon two thicknesses of wet sterile absorbent gauze about 2 
inches square and transferred aseptically to the inside of the jar just above the 
food. Excess water should be previously' drained off, otherwise the water con- 
taminated by r the unsterilized eggs might inoculate the food. The cultures are 
then placed in the incubator for hatching of the eggs. 

When the larvae have fed for three days the food is usually sufficiently 
liquefied, and the maggots are large enough to strain out. Water is then 
poured into the jars and left for a few minutes, immersion separating the 
larvae rapidly from the food. If the maggots are numerous and active the 
water should be cold to reduce their activity while being counted. If their 
number is small, the food will not be sufficiently liquefied and warm water is 
preferable. The contents of the jars are then stirred, strained through a fine 
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wire sieve over a beaker, and transferred to a Petri dish. Estimation of 
number lias been found especially unreliable, and determination of number 
by actual count appeal's essential. A hand counter has proved very useful in 
making counts. 

Elimination of Odor . — Disagreeable odors develop readily during maggot 
production and research, but if sufficient care is taken they can be prevented 
from becoming noticeable in the laboratory. The exhaust draft recommended 
for the lai-val cabinet 3 will prevent leakage of odors into the room. The ordi- 
nary type of household fan, however, placed within the cabinet to force air up a 
ventilator is usually not satisfactory. An exhaust fan installed on the ventilator 
line to draw off the odors is more preferable and is not expensive. 

Residue from the feeding of brood larvae is especially offensive and should 
be promptly destroyed. Each laboratory will probably have certain facilities 
for waste removal. A very satisfactory method is to use a paper bag in a cov- 
ered receptacle such as a large dressing jar or a can and to keep this in the 
larval cabinet or in a chemical hood. x\t the end of each day the bag is burned. 
An incinerator or steam generating plant is usually available to the laboratory. 
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HYPOLEUCOCYTIC ANGINA* 


An Unusual Form ok Infectious Leucopenia 


Nathan Rosenthal, M.D., and Maurice A. Kugel, M.D., New York, N. Y. 


T HIS syndrome is clinically similar to agranulocytic angina in its sudden 
onset, high fever, prostration, and the presence of necrotic ulcerations of 
the mucous membranes, particularly in the oropharynx. The blood count, how- 
ever, differs from that usually found in agranulocytic angina, as well as from 
other forms of leucopenia, in that there is in addition to the profound leucopenia 
a relative polynucleosis of the nonsegmented neutrophiles. In all cases of 
agranulocytic angina reported in the literature, the leucopenia has been the re- 
sult of a marked diminution or absence of the polymorphonuclear neutrophiles, 
which in fatal cases usually have disappeared completely from the circulating 
blood as well as from the bone marrow (Schultz 1 ). 

Ulcerations of the mucous membranes and an extreme leucopenia may occa- 
sionally be present in other conditions simulating agranulocytic angina, notably 
inleucopenic leucemia, aplastic anemia, benzol and arsplienamine poisoning, and 
poisoning from radium or x-rays. In these conditions, however, marked altera- 
tions arc also found in the hemoglobin, red blood cells or platelets, and at times 
immature myeloid cells ai-e present in the peripheral blood. Ulcerations in the 
oropharynx, and rarely leucopenia may likewise occur at the onset of infectious 
mononucleosis (McKinley and Downey"). 

The three cases to he repoited ixx this paper, although clinically resembling 
agranulocytic angina, showed a relative polynucleosis (nonsegmented neu- 
ti’ophiles), associated with a profound leucopenia, with a more or less parallel 
reduction iix the lymphocytes axxd monocytes. The red blood cells and platelets 
remained unaffected. 

Detailed repoxts of these cases follow : 

Case 1. — X. K., female, aged fifty-two, married; admitted to private pavilion of 
Mount Sinai Hospital (Service of Dr. A. A. Epstein), December 19, 1928. 

Previous History . — Following an operation for fibroids eleven years previously, the pa- 
tient developed persistent and irregular pain in tbe epigastrium, which became severe while 
eating, but subsided somewhat about two hours after tbe ingestion of food. From time to 
time there was considerable nausea, but no vomiting. The appetite was poor; the diet con 
sisted chiefly of crackers and tea. The bowels were constipated. The patient entered the 
hospital for an exploratory laparotomy. 

Examination on Admission . — Tbe patient was well developed. The mouth, throat, heart, 
and lungs were normal. The liver and spleen were not palpable. There was slight tenderness 
in the epigastrium. The urine showed a faint trace of albumin and occasional hyaline casts. 

•From the Wards and Laboratories of the Mount Sinai Hospital. 
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The Wood examination showed a slight lcucopenm: 


Hemoglobin 
Red blood cells 
White blood cells 
RolyrnoTphonnclcai neutrophiles 
Lymphocytes 


85 per cent 
4 , 000,000 
4,500 
55 per cent 
45 per cent 


Course and Treatment.— An exploratory laparotomy was performed by Dr. A. A. Berg 
on Dee. 20, 1928. A diverticulum on the posterior wall of the duodenum was found. Other- 
wise, no other abnormality was noted. Following the operation, the temperature rose to 101.4“ 


F, and remained around that level for two weeks. 


About one week after the operation (Jan. 2, 1929), patient complained of a sore tongue 
and considerable pain on swallowing. Extensive ulcerations were found not only on the 
tongne, but also on the tonsils, uvula, pillars of the fauces, and on the hard and soft palates. 



PiS. 1. — Nonsegmented neutrophiles in the peripheral blood showing "toxic” granules in the 

cytoplasm. 

These were covered with yellowish membtanes, easily removed without bleeding. Cultures of 
the ulcerations were negative for diphtheria bacilli and smears showed numerous strepto- 
cocci and bacilli; and few spirilti. The patient became progressively weaker, as tbe condition 
of the mouth and throat did not respond to local treatment. Transfusion (500 c.c.) was fol- 
lowed by temporary improvement. 

Three days later (Jan. 5, 1929), as the prostration, fever (104° F.), and oropharyngeal 
necroses became pronounced, tbe clinical symptoms snggested agranulocytic angina. The 
blood picture was compatible with this diagnosis, with the exception of the differential count. 
There was a relative increase in the percentage of the nonsegmented neutrophiles (the staff 
and young cells of the Schilling hemogram), associated with a profound leucopenia (Table I). 

The neutrophiles, both segmented and nonsegmented, presented severe toxic changes 
(Fjg. 1 ) m the cytoplasm. These consisted of the appearances of coarse granules and vac- 
uolization. AH the neutrophiles in this case showed sueh toxic changes as well as anisocytosis 
and poskitoevtosis. 
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left parotid glands. There was slight rigidity of the neck. Heart sounds were irregular 
and of poor qualitv. Breathing was stertorous. 

Course and Treatment. -The clinical course was suggestive of agrannloeytra angmu. 

The Wood picture, however, showed a white cell count ° f 1 > 30 f J J 9 f % Zlobin 

raorphonuclear neutrophiles, and 39 per cent nonsegmented cells (Table II) ; the hemog , 
red Wood cells, and platelets were normal. Blood cultures, taken on two occasions, were 
negative. All of the neutrophiles contained toxic granules (degenerative index 10 ). 

Signs of nwocardinl failure developed and on two occasions pulmonary edema, which 
subsided with medication (atropine and adrenalin). There was a transitory improvement 
for a few days after a blood transfusion (300 c.e.). The ulcerations and Icucopema both 
subsided. The white cells increased rapidly (two days) to 11,000, with O.j per cent polymorpho- 
nuclear neutropliilcs when the patient developed a rigid suppurative parotitis. Following 
this, the condition became considerably worse with signs of pneumonia and a rise m tempera- 
ture to 105.8° F. and death ensued. 



b'iff- 2. — Bone marrow of Case 2. Mete the hyperplastic bone marrow with many mature and 

immature myeloid cells 


Comment.— In this case the rise of the white blood cells from 1,800 to 10,000 afteT two 
days in the hospital would ordinarily be considered a favorable sign. In following the blood 
picture daily (Table II), two signs were significant: (1) the nonsegmented neutrophiles 
steadily rose from 39 per cent to 60 per cent; and (2) the degenerative index persisted at 
100 per cent throughout the course of the disease. Although some of the hematologic findings 
were suggestive of apparent recovery, the severe complications (parotitis and pneumonia) 
led to a fatal outcome as was prognosticated by other blood changes, i.e., the high degenera- 
tive index, and the progressive increase of the nonsegmented. neutrophiles. 


Case 3. — j. J. f male, aged thirty-five, physician, admitted to Mount Sinai Hospital 
1930 S1Ca ' Sm>CC ° E ' Dr ' • Xeullot nn< t Ot olaryngological Service of Dr. Yankauer), on Jvov. 5, 

Previous History, — Negative, 

Present Illness. Three days previous to admission (Xov. 2, 1930) patient had beeD 

mi»l V° Wi " ard Pa . rkcr with a suspected laryngeal diphtheria following an 

* V 0 respiratory difficulty accompanied by stridor and pain in the chest Had also 
complained of dysphagia and hoarseness, and an acute pharyngitis and la^gitS and a 
membranous pharyngeal ulceration extending to the larrmx were found. Tempore was 
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102° F., and later 104° F. The throat culture showed Streptococcus hemolyticus. The blood 
picture was apparently normal as the white blood cells were 0,500 with 03 per cent polymor- 
phonuclear neutrophiles. Under observation, the patient’s condition became worse, with 
more marked laryngeal involvement. Within a few days the white blood cells diminished to 
2,500 without any change in the percentage of polymorphonuclear neutrophiles. He received 
two blood transfusions. 

On admission to the Mount Sinai Hospital, the Wassermann reaction was negative. 
The blood examination showed a profound leucopenia with a marked increase of the non- 
segmented neutrophiles and was as follows: 


Hemoglobin 
Fed blood cells 
White blood cells 

Polymorphonuclear nonsegmented cells 
Polymorphonuclear segmented cells 
Lymphocytes 
Degenerative index 


85 per cent 
4,800,000 
3,500 
05 per cent 
10 per cent 
25 per cent 
SS per cent 


Course and Treatment . — The stridor became more marked and the patient experienced a 
great deal of difficulty in breathing. 

A tracheotomy was performed for suspected perilaryngeal phlegmon. The tissue was 
found to be edematous but no pus was present. Following the operation the temperature 
gradually returned to normal and the stridor appreciably decreased. Cultures from the 
region of the laryngeal slough revealed numerous colonies of Streptococcus hemolyticus. 
Sections made from the necrotic tissue removed from the larynx showed necrotic purulent 
exudate with numerous bacterial colonies. The necrotic lesions in the pharynx healed rapidly. 
Progress following the tracheotomy was rather slow. The condition of the larynx was con- 
sidered a necrotizing process as a result of a severe streptococcic infection. The entire 
right side of the larynx down to the true vocal cords sloughed away. For a time this caused 
marked discomfort as the loss of structure resulted in aspiration of fluids on swallowing. 
For a few weeks, nasal feeding was necessary. The patient was also given several trans- 
fusions and frequent intravenous glucose infusions. Save for a slight pneumonic infiltration 
noted only on x-ray examination (Nov. S, 1030), no complications developed. The temperature 
became normal about November 10. 

After the fourth week in the hospital, the slough in the larynx entirely separated and 
healthy granulations could be seen. On examination, the distortion and the granulations had 
a peculiar appearance resembling a neoplastic condition. The patient’s voice and genera' 
condition improved. When the laryngeal condition was almost healed, about the middle of 
December, a permanent tracheotomy tube with a safety valve was inserted. Since discharge 
from the hospital (on Dec. 12, 1930), the patient is apparently well save for the granulomatous 
condition in the larynx.* 

The blood picture (Table II) during the course of the disease is of singular interest. 
The white blood cells increased to normal by Nov. 13, 1930; however, the nonsegmented 
cells remained increased during the entire period of observation at the hospital. The dcgencra 
five index, which gradually increased the first few days at the hospital, returned to normal 
about November 24. 


DISCUSSION 

Three cases of severe infection associated with necrotic lesions of the mucous 
membranes and an unusual type of leucopenia have been described. 

Clinically these cases resembled agranulocytosis. The onset of hypoleuco- 
cjdic angina was apparently gradual and insidious, about six daj r s elapsing he 
fore it fully developed. The first symptom noted was soreness of the throat oi 
tongue, associated with dysphagia. Hoarseness and marked stridor were present 

•This patient died on Nov. 17, 1933, after several attacks of true agranulocytosis, which 
began in May, 1933. 
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in one ease. Fever was usually slight at the onset, but increased as the disease 
progressed, reaching 104° to 105° F. At the height of the disease, the patients 
were prostrated, and appeared flushed and toxic. The tongue, tonsils, pharynx, 
larynx, or all of them showed extensive sloughing. Large, irregular, sharply 
defineated necrotic areas were present. These were covered with a yellowish or 
blackish membrane. Throat cultures were positive for hemolytic streptococci. 
No diphtheria bacilli were found. In one instance, a section of necrotic slough 
showed a purulent exudate with numerous bacterial colonies. In two eases, 
the blood cultures were negative; no blood culture was made in the third. 

At the height of the disease, the blood picture showed a profound leuco* 
penia with several unique features. Although there was a marked depression 
in the total white cell count, the differential count retained the usual relations. 
The presence of a high percentage of nonsegmented polymorphonuclear ncutro- 
philes showing degenerative changes in the cytoplasm (Fig. 1) confirmed the 
impression that a severe infection was present. The hemoglobin, red cell eount 
and platelets were unaffected. In one case the bone marrow was obtained and 
was found to be hyperplastic with an abundance of mature and immature 
myeloid cells (Fig. 2). This is in striking contrast to true agranulocytic angina, 
in which at the height of the disease, there is ordinarily a complete disappear- 
ance of the granulocytes from the blood stream, as well as from the bone marrow. 

COXCLCSIOX 

A study of the blood picture in the three cases described in this article 
revealed an unusual form of leueopenia in a condition termed by the authors 
hypoleucocytic angina” to describe a clinical syndrome similar to that of 
agranulocytic angina, but which differs hematologicalJy from the latter as well 
as from other forms of leueopenia, in that there is a relative polynucleosis of 
the nonsegmented neutrophiles. 
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THE GRAM PROPERTY OF TIIE ACID-PAST FORM OF THE 
TUBER OLE BA Cl ULUS - 


Otto S. Kketschmer, A.M., M.D., Denver. Colo. 

TT IS stated in standard textbooks of bacteriology 1 that the tubercle bacillus 
A is gram -positive. It seems that this statement lias never been seriously 
challenged. This property of the tubercle bacillus is of more than mere 
theoretical interest, it is of definite diagnostic importance due to the claim 
that certain bodies, called Much “granules,” arc nonacid-fast gram-positive 
forms of a hitherto unknown tuberculosis virus which are often alleged to be 
found instead of the typical acid-fast tubercle bacilli within cold abscesses 
and in some sputa. The questions raised in this and in a succeeding paper are: 
(1) Does the tubercle bacillus possess the Gram staining property? (2) Is the 
Much “granule” stain a modified Gram stain? 

nous THE TUBERCLE BACILLUS POSSESS THE QUASI STAINING lTiOlTJiTYi 

The purpose of this paper is to demonstrate that the tubercle bacillus iu 
its pathogenic acid-fast phase docs not possess the genuine Gram property; 
that although it is credited with being gram-positive even in the most authori- 
tative treatises, 1 the tubercle bacillus, in its acid-fast stage, is by nature of its 
physicochemical constitution an organism to which the Gram staining method 
cannot properly be applied. It is here advisedly stated that, in its pathogenic 
stage the tubercle bacillus is acid-fast, or, conversely, that the nonacid-fast 
forms of the organism hare not yet been shown to produce typical tubercu- 
losis in the experimental animal. It is true that Much claims by means of his 
so-called modified Gram stain to have discovered an atypical nonacid-fast 
gram-positive form of the tuberculosis virus. In a succeeding paper I have 
taken issue with part of this contention. Sweeny 2 by means of the single 
isolation method of Janse-Peterfi in modified form, produced a pathologic 
condition by the injection of a single nonacid-fast coceoid mutation fora of 
the tubercle bacillus. The disease so produced is not, however, a typical 
tuberculosis. 

When aniline, as employed in the standard Gram stain, is used in com- 
bination with a basic stain such as gentian violet or basic fuchsin in staining 
the acid-fast form of the tubercle bacillus, it renders these dyes acid-fast 
similar to the action of phenol. This action of aniline is not surprising since 
it is phenylamine, a benzene ring compound to which class of chemical com- 
pounds belongs also phenol. Even before the Ziehl acid-fast method of stain- 
ing the tubercle bacillus was devised, Elirlicli 3 employed a solution of gen- 
tian violet in aniline water for demonstrating the tubercle bacillus. He found 
that this stain resisted decolonization with 33Vs per cent nitric acid when 

•Received for publication, January 7, 1303. 
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applied to this organism. lienee, instead of the phenol of the earbol- 
fuehsin, the aniline served with similar efficiency in bringing about retention 
of the original dye ; the aniline dyes were acid-fast similar to the earbol-dyes 
and likewise alcohol-fast, since Ehrlich's method employed GO per cent alcohol 
as decolorizer after application of the acid. 

Benians 1 states that the tubercle bacillus does not requite iodine to en- 
able it to withstand alcohol and acid-alcohol deodorizers. He fails to cite 
experimental work. The same writer says, likewise, that in presence of the 
acid-fast property it is impossible to fully demonstrate alcohol-fastness, i.e. in 
the face of aeid-fastness, the Gram property cannot be fully exhibited. 

EXPERIMENTAL. 

General Tech nic .— Untreated tubercle bacilli from a pure culture were ap- 
plied to slides in a drop of distilled water, and dried in a paraffin oven at 
55° C. for a few minutes. No fixation was applied to cause the organisms to 
adhere so as to prevent the introduction of artefacts. 

I. COLD STAINING OF THE TUBERCLE BACILLUS WITH TOE GRAM STAIN 

Experiment 1 . — Tubercle bacilli were stained according to the standard Gram stain but 
no counterstain was used. The bacilli were stained cold with aniline gentian violet (Stirl- 
ing’s) for one minute, Gram’s iodine solution one minute, and decolorized with alcohol until 
color ceased to come off; no counterstain was applied. 

Result: The tubercle bacilli were stained an intense deep purple color. 

Experiment 2 . — Tubercle bacilli were stained with formalin gentian violet, which is 
occasionally used in the Gram stain, cold for one minute. Gram’s iodine solution one minute, 
decolorization with alcohol, one slide with and one without counterstain. 

Results: Neither slide showed any stained tubercle bacilli. 

Experiment 3 . — Tubercle baeilli were stained with cold aniline fuchsin, the remainder of 
the procedure as in (2) above. 

Result: The organisms were not stained. 

Experiment 4 . — Tubercle bacilli were stained with cold crystal violet as carried out by 
Ruhland,5 the remainder of the procedure as in (2) above. 

Result: No appreciable staining of bacilli. 

Experiment 5. — Purpose: To ascertain the effect of carbolfuchsin on the tubercle bacillus 
when, applied cold. A preparation of a slide of tubercle baeilli was stained cold with 
carbolfuchsin for one minute, not treated with iodine solution nor decolorized with alcohol. 
Result: The bacilli were stained faintly or not at all. 

Comments on Experiments 1 to 5: Carbolfuehsiu, aniline fuchsin, and 
crystal violet do not stain the tubercle bacilli when applied cold (for one 
minute) ; aniline gentian violet, however, stains the tubercle bacilli intensely 
x>hen applied cold for one minute, nor does it decolorize with alcohol. 

hereas, phenol in combination with fuchsin will stain the tubercle baeilli 
"hen applied hot, it fails to stain them when applied cold; aniline, on the 
other hand, in combination with fuchsin fails to stain the tubercle bacillus 
^ »eu applied cold but when combined with gentian violet does so readily, 
onnalin gentian violet and crystal violet dyes that are frequently used in 
-■ram staining fail to stain the tubercle bacillus when applied cold. 

It will thus be seen that aniline fortifies only gentian violet in cold 

Slffrumn- v ' u,u 
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n. EFFECT OF IODINE ON THE TUBERCLE BACILLUS 

a. With Alcohol as Decolorfccr . — 

Experiment G. — "Gram" stain without iodine solution. Tubercle bacilli were stained 
with aniline gentian violet as in Experiment 1 but using no iodine, decolonization with 
alcohol. 

Result : The organisms were stained as intensely as when iodine was used. 

Comment on Experiment 6: Iodine is not necessary to “mordant" the 
aniline gentian violet as is the case with nonacid-fast organisms in order to 
enable the tubercle bacilli to retain this stain. Hence, one of the essential 
stages in the classical Gram stain — the “mordanting" with iodine, has thus 
been shown to be unnecessary when applied to the tubercle bacillus to enable 
the latter to retain the gentian violet when alcohol is employed as the decolor- 
izing agent. 

b. With Acid-Alcohol as Dccoloriccr . — 

Experiment 7. — Tubercle bacilli were stained with cold aniline gentian violet for one 
minute, Gram’s iodine solution one minute, acid alcohol (3 per cent IIC1 in 70 per cent 
alcohol) until color censes to come off. This acid alcohol is the same ns that employed in the 
Zielil-Xeelsen stain. 

Results: Tubercle bacilli were intensely stained a dark blue color; they were not 
decolorized by the acid alcohol ; in other words, they were acid-fast to the Gram stain. 

Experiment S. — Same ns Experiment 7, but without the Gram’s iodine solution. 

Results: The tubercle bacilli were stained as intensely ns in Experiment G. 

Experiment 0. — Living cultures of recently isolated gram-positive pathogenic staphylo- 
cocci and streptococci were stained according to Gram and decolorized with acid alcohol as 
employed in the Ziehl-Xeelsen stain. They were then counterstained with Bismarck brown. 

Results: These gram-positive organisms were completely decolorized by acid alcohol 
and took the counterstain. 

Comment on Experiments 7, 8, and 9: The tubercle bacilli will retain the 
aniline gentian violet as well when the organisms arc not “mordanted" with 
Gram’s iodine solution as when they are so treated, not only after alcohol but 
also after acid alcohol is applied as decolorizer. This is not the case with pyo- 
genic gram-positive organisms such as staphylococci and streptococci. When 
these are exposed to acid alcohol even after application of iodine solution they 
will lose their gentian violet, which is to be expected since they are not acid- 
fast but only aleohol-fast (gram-positive) ; the tubercle bacillus, however, is 
alcohol and acid-fast. This constitutes, consequently, a basic deviation from 
the Gram stain in the case of the tubercle bacillus, so vital as to force the 
conclusion that the tubercle bacillus does not possess genuine Gram property 
since, first, it does not require iodine to remain alcohol-fast, and second, the 
bacillus stained with aniline gentian violet is acid-fast. 

STANDARD GRAM STAIN APPLIED TO CHEMICALLY TREATED TUBERCLE BACILLI 

Living tubercle bacilli from cultures were deprived of their acid-fastness 
by strong acid and alkali. This often is rather difficult to accomplish com- 
pletely in all of the tubercle bacilli treated, if the morphology of the organisms 
is to be retained. The purpose of this mode of experimentation was to ascer- 
tain the reason for the atypical Gram property of the tubercle bacillus, m 
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which portion of the tubercle bacillus it is vested, and to determine the Gram 
property of the tubercle bacillus which has been deprived of its acid-fast 
property. 

Tubercle Bacilli Treated With Sodium Hydroxide. — As Long 0 has pointed 
out, the acid-fastness of the tubercle bacillus is highly resistant to this alkali 
in rather strong solutions. In the following experiments living tubercle bacilli 
were dried and pulverized by passing through a fine mesh copper sieve (1,936 
per sq. in.) and exposed in centrifuge tubes to a 25 per cent solution of sodium 
hydroxide for varying periods of time. The hydroxide was then earefullj 
decanted so that the bacilli adhered to the wall of the tube, and the organisms 
washed and centrifuged several times until the washings were neutral to lit- 
mus. They were then applied without fixative to slides, placed in the paraffin 
oven at 55° C. for a few minutes until dry and then stained. 

Experiment 10.— Exposure time to 25 per cent sodium hydroxide: five minutes. 

Result: Tubercle bacilli well stained with carbolfuclisin. The granules seemed some- 
what swollen. The intergranular portion of the bacilli generally is not stained with carbol- 
fachsm, it often remains colorless as is frequently the ease in untreated bacilli. 

Experiment 11 .— Exposure time same as Experiment 10. The organisms were Gram 
stained after application of hydroxide. This shows the granules stained very intensely 
purple. The intergranular material in many bacilli stains brown with the counterstain 
(Vesuvin). Hence, we have the apparent anomaly of an organism staining “gTam”- 
positive and “gTam ’’-negative in the same bacillary body. 

Experiment IS. — Exposure time: one and one-half hours. 

Results: Ziehl-Neelsen stain showed a number of nonacid-fast tubercle bacilli which 
stained faintly blue with the methylene blue. Those that stained acid-fast were colored a 
very faint red. 

Experiment IS. — Exposure time: one and one-half hours. Gram stain applied. 

Results: These tubercle bacilli are stained more intensely with aniline gentian violet 
than with carbolfuclisin in Experiment 10. Some take the counterstain, i.e. they are colored 
brown by the vesuvin. These tubercle bacilli that have been rendered gram-negative, stain 
uniformly throughout with no granules whatever, and the bacillary body is intaet. 

Experiment 14. — Exposure time: four days. Practically all the tubercle bacilli have 
keen disintegrated. However, even after this period of time a rare bacillus staining acid- 
fast and “ gram ’’-positive is seen. 

Experiment IS . — Tubercle bacilli not treated with sodium hydroxide were exposed to 
Bismarck brown, heating the stain for one minute. No stained tubercle bacilli were to he 
seen. Some of the oxtrabacillary amorphous material only stains brown. This effect of 
Bismarck brown on the tubercle bacillus is in keeping with the work of Hope Sherman.r 

Comments on Experiments 10 to 15: After being exposed to sodium hy- 
droxide the tubercle bacillus can be made to manifest an apparent anomaly of 
uemg simultaneously “gram ’’-positive and “gram ’’-negative in the same* ba- 
cillus. This is explainable by assuming that the sodium hydroxide brings 
a >ont changes in the intergranular portion of the bacillus facilitating pene- 
tration of the Gram counterstain, Bismarck brown, which by itself (Experi- 
ment 15), will not adequately stain the untreated tubercle bacillus. This 
intergranular portion of the untreated tubercle bacillus is often quite resistant 
o strong dyes as is evidenced by unstained areas between the granules of 
many of the organisms after the Zichl-Xeelscn stain. This double staining 
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after treatment with sodium hydroxide can be explained on the basis o£ 
Experiments 6, 7, 8, and 9, above. The aniline gentian violet of the Gram 
stain, as has been shown in these experiments acts as an acid-fast stain for the 
acid-fast portion, especially the granules of the tubercle bacillus in these 
treated organisms, and the investment of the nonstaining intergranular por- 
tion having been removed or altered by the hydroxide is rendered permeable 
to the Bismarck brown and shows genuine gram-negative property. As has 
been seen in Experiment 15, Bismarck brown does not appreciably stain the 
untreated tubercle bacillus. 

Tubercle Bacilli Treated With Sulphuric Acid . — The purpose of this work 
was to render the tubercle bacillus nonacid-fast with sulphuric acid in a rapid 
and certain manner and then to study the Gram property of the nonacid-fast 
organism. 

Experiment 16 . — Dried living tubercle bacilli that were passed through a fine sieve were 
exposed to the action of 2.5, 7.5, 10, 15, 20, 50, and 75 per cent sulphuric acid solutions. 

Results: The tubercle bacilli in the center of small clumps often remained acid-fast 
even in the higher percentages, after five minutes’ exposure. Hence concentrated sulphuric 
acid was employed to deprive the organisms of their acid-fastness completely and as quickly 
as possible without altering their morphology. 

Experiment 17 . — Concentrated sulphuric acid (sp. gr. 1.8-1) was applied to pulverized 
intact tubercle bacilli. The latter floated on tlie surface and conld, after exposure time had 
elapsed, be skimmed off with a coiled platinum loop and washed with distilled water into a 
centrifuge tube. The tubercle bacilli were then centrifuged, and repeatedly washed until the 
wash water was neutral to litmus. The organisms were then applied to slides, dried at room 
temperature, and stained. When the tubercle bacilli were exposed much longer than five 
minutes to concentrated sulphuric acid, they generally disintegrated and showed mostly 
amorphous dfibris which stained gram-negative. One-minute exposure showed that some of 
the tubercle bacilli were losing their acid-fast material which latter appeared as round or 
oval droplets in the optical fields. Often these were still attached to the bacillus which 
stained blue (nonacid-fast), and the former bright red (acid-fast) (see Plate I). 

Results: Thus the acid-fast material was “extracted” by the sulphuric acid from the 
tubercle bacilli and the bacillus was left morphologically intact, staining gram-negative, if 
treatment was not too prolonged so as to produce disintegration of the bacillary bodies. 

Dive minutes’ exposure at room temperature brought about a complete abolition of 
acid-fastness. The bacilli were stained uniformly throughout the bacillary body a bright blue 
by the contrast stain. With the Gram method of staining the same bacilli stained a 
brilliant brown with the vesuvin, the dye being evenly distributed throughout the bacillus 
and the latter free from all beading. Hence they had been rendered gram-negative by re- 
moval of the acid-fast material. The morphology' and staining of these tubercle bacilli de- 
prived of their acid-fastness were identical with the staining of nonacid-fast gram-negative 
young bacilli found in a culture obtained directly from sputum grown on potato medium. 

Comment on Experiments 16 and 17: From these experiments it will he 
seen that after the acid-fast materials in the tubercle bacillus have been re- 
moved or destroyed chemically there remains a bacillus “underneath” that is 
gram-negative. In other words, deprived of its acid-fast material which has 
no genuine Gram property, the “basic portion” of the tubercle bacillus is 
gram-negative. This Gram counterstain colors the entire tubercle bacillus 
uniformly throughout with the Bismarck brown eounterstain, both what was 
the granular and intergranular portion of the organism. These bacilli stainec 
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Fi& 1. — Acid-fast beaded tubercle bacilli which were treated with sulphuric acid, with the 
seen in Fig. 2. Xote how slender they are in comparison with nonacid-fast forms in 
K tes. 2 and 3. 

. Fig. 2.- — Xiehl-Neelsen stain of tubercle bacilli after treatment with concentrated sul- 
pnoric acid for one minute. Bacilli have taken the counterstain ; they are nonacid -fast. Aekl- 
j a still clinging to a tubercle bacillus, are shown. These latter 
■ .ereas the bacilli were gram -negative. The beading has disap- 

. tubercle bacilli stain uniformly and their morphology is intact. 
• -j i rumple the nonacid-fast bacilli seen in Fig. Z. 

, Fig- 3. — Culture stained with Ziehl-Xeelsen stain, showing acid-fast, some ncmaeul-fast 
nonacid-fast forms. Xotc similarity of the morphology of the "young” nonacid- 
bacilli to those deprived of their aeid-fastness by sulphuric acid shown in Fig. 2, 

1 Gram stain (Bismarck brown counterstain) of a culture of tubercle bacilli con- 
so | r,e nonacid-fast tubercle bacilli shown in Fig. Z, The bacilli are heavy rods and 
fr'tain evenly without beading. 
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after treatment with sodium hj’droxide can be explained on the basis of 
Experiments 6, 7, 8, and 9, above. The aniline gentian violet of the Gram 
stain, as has been shown in these experiments acts as an acid-fast stain for the 
acid-fast portion, especially the granules of the tubercle bacillus in these 
treated organisms, and the investment of the nonstaining intergranular por- 
tion having been removed or altered by the hydroxide is rendered permeable 
to the Bismarck brown and shows genuine gram-negative property. As has 
been seen in Experiment 15, Bismarck brown does not appreciably stain the 
untreated tubercle bacillus. 

Tubercle Bacilli Treated With Sulphuric Acid . — The purpose of this work 
was to render the tubercle bacillus nonacid-fast with sulphuric acid in a rapid 
and certain manner and then to study the Gram property of the nonacid-fast 
organism. 

Experiment 1C . — Dried living tubercle bacilli that were passed through a fine sieve were 
exposed to the action of 2.5, 7.5, 10, 15, 20, 50, and 75 per cent sulphuric acid solutions. 

Results: The tubercle bacilli in the center of small clumps often remained acid-fast 
even in the higher percentages, after five minutes’ exposure. Hence concentrated sulphuric 
acid was employed to deprive the organisms of their acid-fastness completely and as quickly 
as possible without altering their morphology. 

Experiment 17 . — Concentrated sulphuric acid (sp. gr. 1.S4) was applied to pulverized 
intact tubercle bacilli. The latter floated on the surface and could, after exposure time had 
elapsed, be skimmed off with a coiled platinum loop and washed with distilled water into a 
centrifuge tube. The tubercle bacilli were then centrifuged, and repeatedly washed until the 
wash water was neutral to litmus. The organisms were then applied to slides, dried at room 
temperature, and stained. When the tubercle bacilli were exposed much longer than five 
minutes to concentrated sulphuric acid, they generally disintegrated and showed mostly 
amorphous dfibris which stained gram-negative. One-minute exposure showed that some of 
the tubercle bacilli were losing their acid-fast material which latter appeared as round or 
oval droplets in the optical fields. Often these were still attached to the bacillus which 
stained blue (nonacid-fast), and the former bright red (acid-fast) (see Plate I). 

Eesults: Thus the acid-fast material was “ extracted” by the sulphuric acid from the 
tubercle bacilli and the bacillus was left morphologically intact, staining gram-negative, if 
treatment was not too prolonged so as to produce disintegration of the bacillary- bodies. 

Five minutes’ exposure at room temperature brought about a complete abolition of 
acid-fastness. The bacilli were stained uniformly throughout the bacillary body a bright blue 
by the contrast stain. With the Gram method of staining the same bacilli stained a 
brilliant brown with the vesuvin, the dye being evenly distributed throughout the bacillus 
and the latter free from all beading. Hence they had been rendered gram-negative by re- 
moval of the acid-fast material. The morphology and staining of these tubercle bacilli de- 
prived of their acid-fastness were identical with the staining of nonacid-fast grnm-negatne 
young bacilli found in a culture obtained directly from sputum grown on potato medium. 

Comment on Experiments 16 and 17: From these experiments it will he 
seen that after the acid-fast materials iu the tubercle bacillus have been re- 
moved or destroyed chemically there remains a bacillus “underneath” that is 
gram-negative. In other words, deprived of its acid-fast material which has 
no genuine Gram property, the “basic portion” of the tubercle bacillus is 
gram-negative. This Gram counterstain colors the entire tubercle bacillus 
uniformly throughout with the Bismarck brown counterstain, both what was 
the granular and intergranular portion of the organism. These bacilli staine 
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Fig. 1 . — Acid-fast beaded tubercle bacilli which were treated with sulphuric acid, with the 
lesults seen in Fie. 2. Note how slender they are in comparison with nonacid-fast forms in 
Figs. 2 and 3, 

Fig-. 2, — Ziehl-Xcelsen stain of tubercle bacilli after treatment with concentrated sul- 
phuric acid for one minute. Bacilli have taken the counterstain ; they are nonacid-fast. Acid- 
Ust droplets, one of which is still clinging to a tubercle bacillus, are shown. These latter 
•warned "gram-positive." whereas the bacilli were gram-negative. The beading has disap- 
peared and the nonacid-fast tubercle bacilli stain uniformly and their morphology is intact, 
incy resemble the nonacid-fast bacilli seen in Fig. 3. 

Fig. 3 — Culture stained with Zieht-Xeelsen stain, showing acid-fast, some nonacid-fast 
'AT Partially nonacid-fast forms. Note similarity of the morphology of the "young" nonacid- 
baeilli to those deprived of their acid-fastness by sulphuric acid shown in Fig. 2. 

, , . Fig. 4 — Gram stain (Bismarck brown counterstain) of a culture of tubercle bacilli con- 
uumng some nonacid-fast tubercle bacilli shown in Fig. 3. The bacilli are heavy rods and 
.wain evenly without beading. 
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with the counterstain possess none of the aberrant morphology of the un- 
treated acid;fast tubercle bacilli, but are uniform rods of varying lengths, with 
rounded ends. Moreover, the tubercle bacillus may be violently deprived of 
its acid-fastness and of its so-called gram-positivity and yet retain its mor- 
phology, that is, not to be disintegrated. Benians 4 found that mechanical dis- 
ruption of the body of tlie tubercle bacillus destroyed both its acid-fastness 
aud its “gram-positivity” and rendered the bacillary debris gram-negative. 
However, it will be seen from the above work that the tubercle bacillus may be 
deprived of its acid-fast property completely without causing disintegration 
of the bacillary body. The capsule of the bacillus, if it lias one, following 
treatment with sulphuric acid seems to remain intact as the bacillus retains a 
definite bacillary morphology after sueli exposure. The bacillus so deprived 
of its acid-fast material appears wider than tlie average tubercle bacillus, has 
rounded ends, aud stains uniformly throughout without granulations or un- 
stained areas. The impression one receives is that the tubercle bacillus con- 
sists primarily of a gram-negative bacillus (young organism) of rather uni- 
form staining property which in the course of its metabolism becomes en- 
crusted externally to its investment (“capsule”) or within tlie latter with 
acid-fast, lipoidal material which is frequently unevenly distributed in the 
form of granules. Simultaneously with this process the “capsule” becomes 
impervious to all dyes as is evidenced by tiie unstained portions of the bacillus 
between the granules. The presumption is that the hydroxide dissolves oft 
tin's investment. 

STAtXIXG OF THE ETHER EXTRACT OK THE TUBERCLE BACILLUS 

Experiment 18 . — Tubercle bacilli were extracted with ether for ten months. This ether 
extract was placed on slides and the ether allowed to evaporate. The slides were then stained 
according to Ziehl-Keelsen and Gram methods. 

Result: The former showed only slightly acid-fast staining property; the latter stained 
a deep purple. 

Comment : It would appear that the lipoidal extract of the tubercle 
bacillus is more “gram ’’-positive than aeid-fast, due probably to the greater 
resistance of aniline gentian violet than carbolfuelisin to acid alcohol and also 
to the greater visibility of the former. Tlie ether extract is, like the unex- 
tracted lipoid in the tubercle bacillus, both alcohol- aud acid-fast and hence 
has no genuine grain-positive property since the latter demands only a re- 
sistance to alcohol (alcohol-fastness). 

DISCUSSIOX 

In order to clarify the discussion it might be well to define what is meant 
} the Gram and by tlie aeid-fast property. For an organism to possess the 
^ ram property it must either lose or retain the original stain which has been 
mordanted” with the special Gram’s iodine solution, when alcohol or acetone 
aic applied as deeolorizers. In the former case the organism is “gram-nega- 
™ 1he la ttcr “gram-positive.” An organism is aeid-fast if the dye with 
1 T m bccn stained fails t0 be removed when treated with dilute mineral 

S'- neorporated with this aeid-fast staining solution is some chemical 
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such as phenol to aid penetration. In addition it may he necessary to apply 
heat to bring about penetration into the microorganism. Alcohol is not an 
essential decolorizing ingredient in the acid-fast staining method, it being 
employed on the assumption that the tubercle bacillus is more resistant to it 
than are certain other acid-fast organisms such as the B. lepra and the 
smegma. Stitt, s however, states that he has found smegma bacilli often to be 
quite resistant to alcohol. 

In Experiment 6 it was found that the tubercle bacillus requires no iodine 
to enable it to retain the original Gram stain in the face of alcohol decoloniza- 
tion. In Experiment 8 it was seen that the tubercle bacillus retains the Gram 
dye (aniline gentian violet) not only when alcohol, but also when acid alcohol 
is applied. Hence, it must be concluded that the tubercle bacillus does not 
possess the typical Gram property, in fact the Gram dye (aniline gentian vio- 
let) actually proves to be acid-fast for this organism, since it is not decolorized 
by 3 per cent IIC1 in 70 per cent alcohol. The other dyes sometimes employed 
for Gram staining such as crystal violet and formalin gentian violet, do not 
even adequately stain the organism. As seen in Experiments 1 and 2 the only 
one of these Gram dyes that will penetrate the tubercle bacillus when applied 
cold is aniline gentian violet. Not even earbolfuclisin will do so. In short, 
the acid-fast property of the tubercle bacillus precludes the possibility of its 
possessing the real Gram property. 

Prom these staining experiments one is led to believe that both the acid- 
fast property and the “gram-positivity ” of the tubercle bacillus are attribut- 
able to the same substance or substances in this organism. In order to ascer- 
tain this, tubercle bacilli were exposed (Experiments 10 to 17) to a 25 per cent 
solution of sodium hydroxide and to concentrated sulphuric acid with the 
following results: (1) Complete removal of the acid-fast, property and at the 
same time of the ‘ ‘ gi'am-positivity. ” This would seem to indicate that both 
properties depend upon the same substance or substances. This appears to be 
confirmed further by Experiment 18 in which the ether extract retains both 
the earbolfuclisin and the aniline gentian violet of the Gram staining method. 
(2) When tubercle bacilli are exposed for a very short time to strong acid or 
alkali, they may still remain acid-fast, but when stained according to Gram, 
part of the individual bacillus may stain “gram-positive” in the granular 
portion of the organism, and part of the bacillus stains gram-negative in the 
areas between the granules. This merely confirms the previous finding, 
under (1), of the identity of the acid-fast and of the “gram-positive 
material. A change in the “capsule” in the intergranular area seems to have 
been produced by acid and b}* alkali, permitting the passage of the Gram 
counterstain where ordinarily the Bismarck brown does not penetrate, it 
being the most- resistant portion of the tubercle bacillus to stain. The gran- 
ules on the other hand are the acid-fast areas of the organism. (3) When 
tubercle bacilli were treated with concentrated sulphuric acid for a short 
time, droplets appeared outside of the organisms which retained both the 
earbolfuclisin and the aniline gentian violet in the face of acid-alcohol decolon- 
ization, they were acid-fast, still more confirming the opinion that both acid- 
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fast and “Grain” properties depend upon the same substance when applied 
to the tubercle bacillus. (4) Tubercle bacilli deprived of their acid-fast ma- 
terial by means of alkali or acid, stain gram-negative in the true sense, that 
is, they are decolorized by alcohol after previous application of Gram s iodine 
solution. 

In studying the morphology of tubercle bacilli that have been depii\ed oi 
their acid-fastness a striking resemblance was observed between them and 
young nonacid-fast tubercle bacilli in that: (a) their morphology is that of 
uniform rods with rounded ends and of varying lengths, but of remarkably 
uniform diameter, which latter is much greater than that of the average 
tubercle bacillus (see Plate I) ; (b) uniform distribution of stain throughout 
the bacillary body, with entire absence of beading. The bacilli are less bizarre 
than is the aeid-fast form of organism. One is consequently led to conclude 
that when the tubercle bacillus is stripped of its unusual property that sets it 
apart from most other pathogenic organisms, namely, its acid-fastness, it is 
gram-negative. When the young nonaeid-fast tubercle bacillus assumes acid- 
fastness, one may picture it as becoming impregnated, or perhaps encrusted 
with a waxy lipoidal covering which does not always distribute itself uni- 
formly but often in beaded fashion and is bound to the capsule in a physico- 
chemical union. Prom the manner in which the acid-fast material is removed 
by sulphuric acid and by sodium hydroxide, as seen in this work, leaving a 
morphologically intact bacillus underneath, it would seem likely that this 
material merely forms an investment over or within the capsule, but not 
within the bacillary protoplasm, otherwise one would expect a disturbance in 
the morphology of the bacillus consequent upon its removal. 

CONCLUSIONS 

1. The only Gram dye that adequately stains the tubercle bacillus when 
applied cold is aniline gentian violet. This dye has greater penetrability than 
the classical carbolfuchsin of the aeid-fast technic which has to he applied hot. 

2. It has been found in the above work that when aniline gentian violet 
used in the classical Gram stain has been applied, the tubercle bacillus will 
retain this dye not only after application of alcohol but also after decoloriza- 
tion with acid alcohol (3 per cent HC1). Consequently this Gram dye proves 
to be aeid-fast for the tubercle bacillus. 

Thus it will be seen that the aeid-fast form of the tubercle bacillus posses- 
ses no Into gram-positive property because the aeid-fast property renders this 
impossible since none of the other Gram dyes penetrates the organism under 
hke circumstances (applied cold). 

3. W hen the tubercle bacillus is completely deprived of its acid-fast 
Property either by strong acid or alkali, it becomes gram-negative, similar to 
> o\mg cultures which likewise often contain nonacid-fast tubercle bacilli that 
stain gram-negative. On the other hand, so long as the tubercle bacillus 

ams the “Gram” stain, it will also invariably be found to be aeid-fast if 
K> 1 carbolfuchsin. at least with earbol or aniline gentian violet. " 
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4. When the tubercle bacillus is deprived by acid or alkali of its acid-fast 
property, it loses its heading and stains uniformly, becomes gram-negative, 
and resembles the young nonacid-fast form of the organism. 

5. The suggestion is herewith offered that in the future, writers of boobs 
and articles on tuberculosis when describing the staining properties of the 
tubercle bacillus state that in its acid-fast pathogenic form it does not possess 
true Gram property; that the Gram tcclinic, as a differential stain, cannot be 
applied to this organism because of the presence within it of the acid-fast 
material. 

Acknowledgment: The tubercle bacilli for this work were obtained from Dr. M. 

Chernvk of the Clinical Department, National Jewish Hospital for Consumptives of Denver, 
the Parke-Davis Co., and from Dr. S. A. DetrofT I obtained a culture of strain H 3 7, to whom 
thanks are here extended. 
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VARIATIONS OP THE SOLUBILITY OP THE CERVICAL MUCUS IN 
RELATION TO THE MENSTRUAL CYCLE* 


G. L. Moencii, M.D., New York, N. Y. 


I N A VERY painstaking series of experiments Kurzrok* has investigated the 
lytic action of semen on cervical mucus. He found that normal semen 
digests normal cervical mucus aud suggests that either changes in the lytic ac- 
tion of the semen or in the character of the cervical mucus or both may pro- 
duce sterility. Mucopurulent cervical secretion for instance ICurzrok has always 
found to be nondigestible by semen. 

In the course of examining sterile couples I have repeated some of Km'z- 
rok’s experiments using mainly the gross method of immersing the cervical 
mucus in the semen. I consider this gross method less subject to misinterpreta- 
tion than the microscopic penetration method as far as the solution or diges- 
tion of the cervical mucus is concerned. 

The results of my experiments were not quite as expected and appeared at 
first to he rather fortuitous. Thus using a normal semen from a clinical^ 
fertile man on four different, apparently normal, mucus shreds from the cet- 

•Rccelved for publication, February 14. 1933. 
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vices of four women I found varying degrees of solubility. At the same time 
the microscopic penetration method showed, to my eyes at least, no significant 
variations as far as the penetration of the cervical mucus by the spermatozoa 
was concerned. Again in four sterile couples where I used the husband’s semen 
with the apparently normal cervical mucus of the wife and also on three of 
these the semen of the known fertile man my results were inconclusive since the 
semen from the normal man did not produce much dissolution of the cervical 
mucus from two of the four women who were apparently normal. Howevei 
in three cases where the two semen specimens had been used similar results were 
obtained with both semen samples. 

As far as infected mucus was concerned I obtained practically no digestion 
of it with semen by the gross method but did see penetration of the sperma- 
tozoa into the mucopus. The degree of penetration seemed to depend solely on 
the viscosity of the mucopus which thus constituted a mechanical barrier to 
the progress of the sperms. With rather fluid pus penetration of the sperms 
was evident and I have shown before 2 that pus itself does not inhibit the sper- 
matozoa. That the gross digestion of the cervical mucus by the semen did not 
at times agree with the penetrability of the same cervical mueus by the sperms 
may easily he explained by assuming that the fibrin and pus in the specimen 
may form a network or a sort of skeleton enmeshing the mucus itself. So 
even if the mucus itself were dissolved no gross changes would be prominent 
in the original specimen from the cervix. This theory was verified to some 
extent by the microscopic appearance of the mucus shred after it had been 
subjected to the influence of the semen for some time. At any rate there was 
less free mucus in the cervical mucus specimen of this type after immersion in 
the semen for a while than there had been before. 

The assumption of the penetrability of the cervical mucus by the sper- 
matozoa varying directly as its viscosity agrees very well with clinical experi- 
ences since markedly infected cervices in which the canal itself is not plugged 
by the tenacious mucopus frequently allow of pregnancy whereas those cervices 
which are plugged up solidly by a thick mucopurulent shred prevent preg- 
nancy just as long as the condition remains unrelieved, other conditions of 
course being normal. 


Thus the penetration of the cervical mucus seemed to me to hinge more on 
the viscosity of the mucus or mucopus itself than upon the lytic action of the 
semen. At the same time no one will deny that, just as the number, the mo- 
lihtv, the morphology, and the biometrics of the sperms may vary so also may 
the lvtic action of the semen be variable. Thus while far from denying ari y 
f'f the interpretations Ivurzrok made in his experiments I could not from mv 
own few cases (11 at that time) see any correlation between the solubility of the 
cervical mueus in the semen and fertility except so far as the viscosity of the 
cervical mucus whou marked prevented the ascension of the sperms but this 
"as then a purely mechanical and not a chemical process. 


Rome tune after these experiments were made I had occasion to trv out 
■hrntn the solubility of the cervical mucus in semen in investigating another 
n P C ° Up1 °- 1 fo " ml that tl,e epical mucus which was apparently normal 
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was only slightly soluble in the semen of the husband. As a control I used 
the same cervical mucus with the semen of a known clinically fertile man and 
again obtained the same result. As a second control I tested out the same 
two semens on the cervical mucus of the perfectly normal wife of the fertile 
man and obtained a fairly marked digestion of the mucus by both semen speci- 
mens. These results now could mean only one of three things, either my tech- 
nic was wrong, or there existed selective fertility inasmuch as a particular 
normal semen would not dissolve one normal specimen of cervical mucus 
whereas it would attack another such normal specimen, or there were un- 
detected factors acting on the cervical mucus or the semen which would influ- 
ence the reactions obtained. 

As far as my technic was concerned I could discover no flaws in it but re- 
cheelced the findings the next day by means of the microscopic penetration 
method. However, this method did not, offer any solution of the problem. My 
gross method was the same as that used by Ivurzrok except, that I used un- 
diluted semen since dilution not only diluted the semen but also changed the 
osmotic pressure, the buffer reaction of the semen, etc. However, using the 
semen undiluted should if anything have made my results more accurate in- 
stead of confusing. 

As far as selective fertility is concerned I have discussed this question in 
previous papers . 3 Since all the known human races do produce fertile off- 
spring by interbreeding, it seems illogical to assume that nature would de- 
liberately limit procreation to certain chance combinations of a special class 
such as a particular type of semen combined with a particular type of cer- 
vical mucus. A similar attempt to explain some cases of apparently selective 
fertility has also been made in connection with the various blood groups but 
investigations have showed no foundation for this theory. The explanation of 
selective fertility is usually very much simpler (see Moench, l.c.) . 

There remained then only the third possibility, that of some undetected 
change in either the semen or the cervical mucus. 

Two weeks later I was able to recheck my findings on the same patients 
and obtained the unexpected result that the cervical mucus of the childless 
woman was now more soluble in the two semen samples than before and more 
soluble than the mucus from the cervix of the fertile woman. This latter 
sample of mucus indeed was very little affected by the semen. A repetition of 
the tests the next day again gave the same results but a different specimen of 
mucus showed some solubility in the semen. This could only mean that the 
cervical mucus in both of these women had undergone some change. On 
checking up the history of the patients it. was found that in the first experiment 
the sterile woman had been in the premenstrual period and the fertile one m 
the first half of the menstrual cycle whereas two weeks later the conditions were 
of course reversed. 

In view of these results I next tried out cervical mucus from two preg- 
nant women in the seventh and ninth month of pregnancy- respectively with 
the semen of the same fertile man and also with the semen of another nor- 
mally fertile man but obtained no dissolution of the cervical mucus whatsoever 
The cervical mucus from two cases of amenorrhea was also tested but the 
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results were inconclusive. One specimen of mucus showed some digestion, the 
other none at all. However, we were not in the position to determine the 
amount of female sex hormone in the blood of the two patients and without this 
determination cau draw no conclusions. 

Unless then we assume that the lytic action of the semen varies without 
any apparent cause we must draw the conclusion that the solubility of the 
cervical mucus varies with different times of the menstrual cycle. This is 
not a difficult thing to believe. Even clinically the cervical mucus in the same 
woman seems at times to be more fluid than at other times. It is known that 
follicular fluid and also the normal secretion of the fallopian tubes and the 
uterine hod }’ 4 dissolve the cervical mucus. In fact the rubbery consistency 
of the cervical plug during pregnancy has been explained as being due to the 
absence of the solvent action of the combined tubouterine secretions. That 
these secretions, especially the uterine one, are dependent more or less on ova- 
rian activity is well knovm. Thus the concept of the varying properties of 
the cervical mucus is nothing new. Perhaps we have in addition a direct action 
of the ovary through the folliculin in the blood stream on the cervical mucus. 

The few cases presented thus seem to point to a variation in the properties 
of the cervical mucus dependent apparently on ovarian activity. At the same 
time proper specimens are hard to obtain, the work requires much time, and 
there are so many pitfalls that one must hesitate to make more than tentative 
assumptions. I present these few cases only because they may point the way 
for further investigations and may prevent too hasty and incautious inter- 
pretations of the findings obtained by this method of investigation of sterile 
couples. 
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A CLINICAL STUDY OP BLOOD IKON AND HEMOGLOBIN® 


C. W. Dowdex. M.D., and Clyde McNeill, 31. D.. Louisville, Kv. 
With the Technical Assistance of J. D. .McNeill. J3.S. 


W E ARE approaching this subject, with a healthy skepticism, bora of the 
belief that, in spite of the great progress that has been made in hema- 
tology during the past few years, we are still surrounded by a mass of doubtful 
and uncertain data that leaves us far from u simple and satisfactory working 
basis. One must respect and accept as authoritative the original work of 
Iiaden, 1 Osgood and Haskins" and others for their valuable contributions. We 
cannot but feel that our immediate clinical need is the adoption of simpler 
methods to remove us from much of the chaos that for the past few years has 
served to confuse us. We believe that for many years at least the estimation 
of the number of red blood cells and the hemoglobin per given quantity of 
blood, as well as their relationship to each other, will constitute the chief 
desideratum in hematologic studies. One must also give greater thought to 
the question of iron in its relationship to hemoglobin. 

It seems unnecessary to further stress the great importance of reporting 
the amount of hemoglobin in grams per 100 c.c. of blood, but a citation of a 
few of the existing errors will not he amiss. For instance one of the Sahli in- 
struments is so graduated to indicate 100 per cent hemoglobin as containing 

17.2 gm., one of the Dare instruments to contain IAS gin. of hemoglobin, repre- 
senting a difference of more than 20 per cent, perhaps better shown by the 
equation, viz. : 

17.2 gm. Sahli — 100 per cent 

17.2 gm. Dare =124 per cent 

It should be known also that there is a wide difference in various Sahli in- 
struments as well as in the Dare instruments. Certainly percentage reports 
are meaningless and even when accompanied by the name of the method 
used are not accurate unless such instrument has been standardized with one 
of the more accurate methods to be mentioned. What should be accepted as a 
normal average figure for the number of grams of hemoglobin contained m 
100 c.c. of blood, and what should be accepted as a normal average figure for 
the number of red blood cells per cubic millimeter of blood? Personally, we 
believe that no single figure will serve the purpose with even a fair degree 
of accuracy. Such figures are ordinarily obtained b.v taking an average for a 
large number of so-called normals. In this number we will find a range of from 
11 0 to 16.5 (a difference of 34 per cent) gm. of hemoglobin per 100 c.e. of blood, 
and a range of from 4,000,000 to 6,000,000 (a difference of 34 per cent) for the 
number of red blood cells per cubic millimeter of blood. Certainly such varia- 

^Received for publication, December 29, 1932. 
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tions are too great to permit of accurate averaging. The question naturally 
arises as to what is normal blood. An individual may he subjectively healthy and 
with perfectly normal functional tests of all kinds and still have compara- 
tively low hemoglobin and red cell counts. Such findings are not uncommon 
among nurses, technicians, secretaries, etc., and such individuals constitute a 
large percentage of our so-called normal series. Conversely an individual may 
liave advanced heart, kidney, lung, gastrointestinal, or other pathologic condi- 
tions with blood examinations much nearer the generally accepted average 
than the class previously mentioned (Table IV). These individuals are not 
used in the normal series. 

Both the quantity of hemoglobin and the number of red blood cells are 
variables, depending probably upon age. sex, climate, food, exercise, and baro- 
metric pressure. One of us (J. D. MeX.) examined the blood of one patient 
daily for a month and hourly for a day and found the red blood count to vary 
from 5,128,000 to 6,176,000 and the hemoglobin from 11.0 gm. to 15.3 gm. With 
such variations why not abolish such terms as “normal averages” and sub- 
stitute “a normal range” for hemoglobin and red blood cells as we do for the 
chlorides, sugar, cholesterol, and the nitrogenous products of the blood. 

This study includes about one hundred examinations of the blood made 
upon 81 individuals (Table I). We are unable to explain the difference be- 
tween the average number of red cells in the normal bloods of our series and 
the normal bloods reported by others. The fact remains, however, that a count 
of five million is a rare exception rather than the rule, with a large percentage 
running from four to four and a half million. Each of these counts, as well as 


Table I 

Blood .Studies is Cases With a Variety or Coxditioxs 


CASE SEX AGE 


1 

j 

30 

2 

it 

41 

3 

p 

45 

4 

it 

60 

5 

r 

53 

G 

p 

24 


M 

64 

8 

It 

54 

9 

M 

45 

10 

M 

57 

11 

F 

27 

12 

P 

34 

13 

P 

07 

14 

P 

05 

13 

F 

35 

1C 

1st 

5S 

17 

P 

20 

is 

P 

OO 

It) 

P 

r.3 

20 

r 

53 

21 

F 

47 

2° 

F 

27 



J COLOR 

1 INDEX 

1 HB. 

! ii.B.c. y 3 

IRON 

INDEX 

diagnosis 

0.03 

10.5 

Xormal 

■ 0.03 

10.3 

Xormal 

• 0.87 

9.8 

Syphilis 

0.9S 

10.9 

Cholecystitis 

0.87 

10.0 

Hypertension 

0.82 

9.4 

Xormal 

0.01 

, 10.4 

Xormal 

1 0.90 

’ 10.2 

Xormal 

' O.S7 

1 in.o 

Xeurosis 

! 0.S7 

■ 10.0 

Hypertension 

0.90 

: io.i 

Hydronephrosis 

0.S1 

j 0.0 

iXeurosis 

• ass 

10.0 

J Xormal 

1 0.S4 

10.6 

Hypertension 

i 

10.0 

8urg. menopause 

0.90 

10.3 

Hypertension 

0.89 

10.4 

Xormal 

0.88 

9.8 

Xormal 

O.on 

• 10.2 

Xormal 

0.84 

• 9.5 

A rthritis 

1 0.03 

. 10.9 

Migraine 

. 0.88 

, 10.3 

jXormal 
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hemoglobin determinations, have been made independently by two different 
workers in different laboratories, using standardized equipment, and discarding 
results when the two counts did not come within the average limits of error. 
Furthermore, the work was done by skilled hematologists and not by the usual 
laboratory technicians. The experience of other reliable laboratories convinces 
us that in Kentucky at least, a normal red cell count of five million is the ex- 



Chart 1. — Comparing iminuglubin from iron (Kenned}") with Osgood and Haskin's method. 

ception and the average is from 4.3 to 4.5 million, depending largely upon 
the source of the normals. 

Greater accuracy attends the proper determination of the hemoglobin 
when the method used has been carefully checked with the accurate oxygen 
capacity method of Van Slyke, 3 or the iron method of Kennedy or Tv ong. . In- 
accuracy of various methods has been stressed bj' Osgood and Haskins, 
Karslian and Freeman, 4 Haden,’ Lindsay Rice and Sellinger, 5 Robscheit, 0 and 



DOWDEN-MC NEILL : BLOOD IRON AND HEMOGLOBIN 


365 


others. The chief objection to the acid hematin methods seemed to lie in the 
time required for development of the color, fading of standards, variation in 
standard discs, and difficulty in reading small quantities of hemoglobin. The 
Osgood and Haskins is probably the most accurate of the acid hematin meth- 
ods provided the standard solution is properly prepared and the proper cor- 
rections made for variations in temperature. The Palmer* method is quite 
accurate if the standard is frequently cheeked. The photoelectrometer of San- 
ford and Sheard® and the spectrophotometer of Hatlen 0 are apparently accurate 
methods, checking closely with the oxygen capacity method or the iron method. 
■Although quantitative determinations of iron in the blood were made as early 
as 1820 10 and at long intervals following that, the most recent by Berman in 
1918, n Brown in 1922, 11 Wong in 1928,“ and Kennedy in 1927, 15 the method 
received little attention until its clinical application by Powers and Murphy'. 10 


Of the methods of Wong” and Kennedy 13 the latter points out that Wong, 
like others, has overlooked the question of dissociation and continued to work 
with aqueous solutions. The results, however, by the two methods cheek so 
very closely that the criticism raay r well be ignored. 

Using Kennedy’s 15 method Powers and Murphy 10 found the amount of 
iron in the blood to be within singularly narrow and standard limits for nor- 
mal adults. They consider it the most accurate criterion yet devised for evalu- 
ating the true status of patients with secondary anemia. In a later article 
Murphy, Lynch and Howard 11 reported a large number of blood iron deter- 
minations in normal individuals, and also in the primary- and secondary anemias, 
as well as a variety of other conditions. For normal young men they found an 
average of 44.84 and for young women an average of 42.84 mg. per 100 c.e. of 
blood. Using the same method, we find very close agreement with an average 
of 44 for all normal cases. As would be expected, the results parallel closely 
the hemoglobin curve in all cases. They also suggested the term “iron index’’ 
(obtained by- dividing the mg. of iron in 100 c.c. of blood, by the number of 
red blood cells in millions per 1 c.mm. of blood) to represent the amount of iron 
in the individual red cell. They r found for this an average of 8.4 (strictly 
speaking 8.4 mg. x 10* 11 ) for normals, and following in a general way the 
color index curve. Since our red blood counts are lower on an average, the 
average normal index is higher, being as consistently- 10 in our series as the 
8 4 of their series (Tables I and IV). 


Both Kennedy 15 and Wong” have used the iron content of the blood for 
accurately determining the amount of hemoglobin. When it is possible to 
obtain results for tlie iron content of tissue or fluids, that are accurate to the 
t nrd decimal and with the molecular weight of the hemoglobin molecule known 
(though the structure may be in doubt), it becomes immediately apparent that 
t >e quantity of iron expressed in milligrams divided by the iron portion of 
the hcmoglobiii molecule 0.334 by Wong and 0,334 by Kennedy) can scarcely be 
- eoi eel for accuracy when properly decimated to represent the quantity of 
> moglobm in gm. per 100 c.c. of blood. The work of Rieeker, 16 however seems 
° !n °'' c ' normal individuals there is an average of 1.1 mg. (±0.o'22) of 
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iron in the blood serum, and this quantity is increased in pernicious anemia 
particularly and slightly decreased in certain other conditions. In our study 
we have assumed (possibly wrongly) that cognizance of this nonhemoglobin iron 

Table 1 1 

Primary Diseases oe the Blood 


case sex age 


20 

33 

33 

35 

44 

45 

67 

70 

71 

72 
76 

73 


M 57 


F 

F 

M 

F 

F 

M 

M 

M 

M 

F 

F 


37 F 


61 

61 

8 

59 
71 

75 

60 
65 
55 

18 

51 


F 56 


*N 


DIFFERENT 



LABORA- 

BLOOD 

IRON 

TORIES 

IRON 

INDEX 

R.B.C. 

R.B.C. 


2,S96 

2,970 

30.0 

10.9 

3,592 

3,400 

30.S 

S.6 

3,S80 

4,260 

34.5 

8.9 

2,240 


oo 2 

9.9 

4,328 

4,450 

45.5 

10.6 

4,032 

4,100 

42.3 

10.6 

992 

1,020 

14.3 

14.4 

1,792 

1,760 

21.9 

19. o 

3 520 

3,000 

39.0 

11.0 

1,994 

1,960 

29.5 

14.3 

1,104 


1S.4 

16 6 

2, OSS 

2,S50 

23.3 

8.7 

3.2S0 

3,490 

32.0 

8.3 

(7,504 

7,420 

75.5 

10.0 

7,840 

7,620 

72.5 

9.3 

7.96S 

7,820 

so.c 

10.2 

,7.264 


70.0 

9.7 

7,200 

6,984 


65.0 

9.0 


60.6 

S.8 

(3,S72 

3.S72 

37.8 

9.7 


Newcomer, O & H. = Osgood & Haskins 


1 COLOR 
INDEX 
HB. 

HEMOGLOBIN 

DETERMINATIONS 

DIAGNOSIS 

X.» 

0. & 
II.* 

FROM 

IRON 

R.B.C. X 3 

0.90 

S.3 

8.3 

S.7 

Acute myelogenous 





leucemia (autopsy) 

0.75 

9.2 

S.7 

8.9 

Banti ’s disease 

0.7S 

13.0 

9.9 

10.0 

After splenectomy 

O.So 


6.1 

6.4 

Sickle cell anemia 


13.6 

14.4 

13.4 

Pernicious anemia 

0.91 




(remission) 

0.91 

12.S 

12.6 

12.4 

Pernicious anemia 


Snhli 



(remission) 

1 20 

5.5 

4.0 

4.0 

Pernicious anemia 

1.05 

4.S 

6.4 

6.3 

Pernicious anemia 

0.97 

7.07 

11.6 

11.4 

Pernicious anemia 

1.29 

5.90 

SS 

S.6 

Pernicious anemia 

1.41 


! 5.5 

5.2 

Pernicious anemia 

0.74 

5.5 

6.9 

6.7 

Chlorosis 





Chronic lymphatic 

0.72 

9.0 

9.0 

9.3 

leucemia, lobar 





pneumonia 

O.SS 

21.0 

21.S 

22.3 ' 



0.81 

21.0 

21.0 

21.4 


Polycythemia yera 

0.90 

22.0 

22.S 

23.9 


Phenylhydrazine 

0.85 


20 2 

20.7 


gr. IV daily 

0.80 


19.6 

19.2 


Determinations 

0.78 


1S.2 1 

17.9 


weekly interyals 

0.S7 

13.5 

11.3 |l 

11.0 J 




nSohfn 1 ?^ 1 cells ex ^ resse <l in millions per 

Ofriobin in mn nm- inn ~ ^ ^ 1 u 


tt , T. T uu CApi fSSCU 

Hemoglobin m gin. per 100 c.c.: 

R.B.C. (millions) 
100 c.c. - mig. serum iron X3. 


.... l c.c. : Blood iron in milligrams per 100 c.c.: 
lion Index = Fe. (pm.) — R.B.C. (millions) : Color Index = 
x-j. Hemoglobin from iron calculated viz.: Mg. blood lion pci 


Table III 

Diseases With Abnormal Blood 


case sex age 


24 

31 

34 

35 

40 

74 

50 

5S 

68 

80 


F 43 
F 15 

F 60 

F 2 wk. 

M 40 

M 70 
F 24 

F 37 
F 53 
M 47 


different 

LABORA- 

TORIES 


R.B.C. 


3 904 
2,728 

3,784 

2,984 

3,520 

4,640 

3,840 

3,856 

3.896 

3,520 


R.B.C. 


2,770 

3,784 

3,520 

4,410 

3,810 

4.300 

3.910 

3,525 


IRON 


35.4 
27.7 

37.5 

39.5 

35.1 

46.1 

37.4 

40.0 

35.5 

37.0 


IRON 

COLOR 

INDEX 

HEMOGLOBIN 

DETERMINATIONS 

DIAGNOSIS 

INDEX 

HB. 


o. & 

FROM 


R.B.C. X 3 


n.* 

IRON 


9.0 

0.78 


10.3 

10.3 

Nutritional edema 

10.0 

0.S7 

7.5 

S.O 

S.O 

Hemorrhagic nephritis 
(autopsy) 

9.9 

0.S7 

11.6 

11.1 

11.0 

Duodenal ulcer ; py- 
loric obstrnc. 

13.7 

1.16 


11.0 

11.5 

Hydrocephalus; sec- 
ondary anemia 

10.0 

0.87 

12.0 

10.0 

10.2 

Cerebrospinal syphilis 
- — secondary stage 

10.0 

0.87 

14.0 

13.9 

13.5 

Nephritis; pneumonia 

9.7 

0.93 

12.4 

10.4 

10.9 

Colitis; focal infec- 
tion 

10.5 

0.90 

12.S 

11.7 

11.7 

^olitis; neurosis 

10.0 

0.87 

12.0 

11.6 

11 3 

Secondary anemia 

10.5 

0.91 

11.5 

11.0 

10.S 

luodenal ulcer: 

* bleeding 1 


*N = Newcomer. O. & H. = Osgood & Haskins. 
Footnote same as in Tables II and TV. 
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Table IV 

Diseases With Normal Blood 


CASE SEX AGE 


23 M 47 


different 

labora- 

tories 


32 


60 

55 


1 


P..B.C. 1 R-B.C. j 
4,sno ' 


4,112 


4,470 

4,270 


BLOOD 
i IRON 

~46T 

55.0 

43.0 


IRON 

INDEX 


9.7 

12.3 

10.4 


COLOR 

INDEX 

HB. 

P..B.C. X 3 


HEMOGLOBIN 

DETERMINATIONS 


o. & 

H.* 


FROM 

IRON 


DIAGNOSIS 


I 


36 

M 1 

2 4 

,048 

J 

9.9 

9.S 

39 

F 5 

5 4 

,400 


!2.S 

9.7 

41 

if c 

'2 

,G96 4 

,940 

35.5 

9.7 • 

42 

F 27 1 

t,12S 

1,332 i 

41.4 ’ 

10.0 ; 

43 

F 

28 i 

4,2S0 

1,200 

40.0 t 

9.5 ' 

40 

M 

6S 

4,304 

4,480 

41.5 ) 

9.6 ; 

47 

F 

65 1 

4,800 1 


49.0 

10.2 

48 

F 

43 

4,160 


41.6 

10.0 

51 

F 

60 

4,224 

4,2S0 

42.2 

10.0 

52 

F 

29 

4,280 

4,320 | 

40.4 

9.4 

53 

At 

48 

5,120 

5,500 ( 

53.0 

10.3 

54 

F 

51 

4,608 

4,330 ] 

46.5 

10.0 

55 

M 

50 

4,488 


45.1 

10.5 

57 

M 

58 

4,728 

5,510 

48.8 

10.4 

59 

M 

20 

5,056 

4,480 

51.0 

10.2 

60 

F 

75 

4,200 


42.8 

10.0 

62 

F 

32 

4,480 

4,340 

45.5 

10.1 

63 

F 

58 

4,392 

4,370 

, 43.0 

10.0 

64 

At 

77 

4,336 

4,321 

S 41.0 

9.5 

65 

M 

34 

4,640 

4,485 

46.6 

10.0 

66 

F 

61 

4,480 

4,350 

45.4 

10.0 

09 

F 

53 

4,591 

4,430 

45.0 

10.0 

74 

At 

70 

4,64 1 

4,410 

46.1 

10.0 

7; 

F 

29 

4.38-1 

4,500 

43.8 

10.0 

— 

Average 

4,51 

4 4.51? 

45.2 

j 10.0 


0.85 

1.11 

0.91 

0.SG 

0.S5 

0.S5 

0.S7 

0.81 

0.84 

0.90 

0.87 

0.87 

0.82 

0.90 

0.87 

0.88 

0.90 

0.88 

0.90 

0.90 

0.85 

0.81 

0.87 

0.88 

0.87 
0.87 


0.90 


13.1 
12 2 


i 

j 

14.9 j 

12.9 : 

12.7 

13.1 


12.8 

12.9 

13.5 

13.5 

14.6 

15.3 
14.1 

12.9 

13.0 

13.0 

13.3 
12 .S 

13.2 

14.0 


13.8 | 13.7 i Renal calculus 
1 Bronchiectasis 

j 10.5 Lvdeno-arcinoma ovary 

12.6 [Arthritis 
jFocal infection 

11.7 'Typhoid fever 
12.5 , Myocarditis, mitral 

insuff., focal infect. 
10.3 J Hypertension 

jGastroenterostomy 
12.0 i Thromboangiitis 
I oblitrans 
I 11.7 Trichiniasis 
J 12.1 Cirrhosis of liver 
Myocarditis 

j 14.4 Endarteritis obliter- 
ans, gangrene 
j 12.2 Cholecystitis 

Mild hypothyroidism 
Acoustic tumor 


12.2 

11.9 j 

12.0 ! 

I 

15.9 ; 

12.0 

12.2 

11.3 

14.5 

i 

i 

| 12.2 

S 12.0 
12.0 

15.4 

13.6 

13.2 

14.4 

15.3 

12.5 

13.6 

13.0 

12.0 

14.0 

13.4 

13.3 
13.9 


12.3 

11.8 

15.6 

13.6 


0.87 


13.2 13.2 


13.2 

14.3 
15.0 

12.5 

13.4 

12.6 


13.7 

13.3 

13.2 

13.5 


Pelvic pathology 
Diverticulitis colitis 
Recurrent hyperthy- 
roidism 

Duodenal ulcer 
Duodenal nicer 
Chronic nephritis 
Arthritis 
Arthritis 

.Auricular fibrillation 

12.0 (Auricular fibrillation, 
diabetes, 

Duodenal stasis 
neurosis 
Cterine fibroid 
Cholecystitis 
Arterial hypertension 
Nephritis, pneumonia 
(death in 36 hr.) 
.Cerebral lesion 


12.8 


13.38 1 13.191 13.281 


* N r- Newcomer. O & H. = Osgoorl & Haskins. 
Footnote same as in Tables II and IV. 


lias been ignored in the methods of Kennedy and Wong, and we have, therefore, 
subtracted 1 mg. from the total iron content of the blood and then multiplied 
the result by 0.3 (equal to dividing by 0.333 instead of the 0.334 and 0.335 
nsed by Kennedy and Wong respectively). While this method makes a dif- 
ference of less than 2 per cent it has been nsed with the belief that aceuraev -was 
increased to this extent. The oxygen capacity method of Van Slyke 3 * com- 
pares so very closely vritli both the Wong” and Kennedy” methods that little 
or no doubt should he entertained as to the accuracy of any of the three 
methods. Contrary to the general belief we consider both iron methods quite 
simple and easily completed in about fifteen minutes. We prefer, however, the 
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Kennedy method 1 "' because it allows time for other work while the iron mix- 
ture is being digested, and, furthermore, the colorimetric readings are defi- 
nitely sharper. Any of the three methods may be safely used for standardiz- 
ing liemoglobinometers and checking the accuracy of other methods. 

In our experience, as well as in the experience of others, the Osgood and 
Haskins 2 acid hematin method gives results closely paralleling the results of 



Chart 2. — Shewing variation in grams of hemoglobin per 100 c.c. of blood for 100 per cent read- 
ing’s. May also be used for quickly converting percentage into grams. 

any of the three standard methods. We believe, therefore, that a determina- 
tion of the iron content of the blood, the iron content of the individual cell, 
and the determination of the hemoglobin by the iron method are all most 
valuable additions to our knowledge of hematology. They assume no averages 
and deal directly with the number of red blood cells and the hemoglobin found 
in the individual specimen. Of similar importance is the determination of the 
amount of hemoglobin in the individual cell. This is done by dividing the 
hemoglobin in grams per 100 e.c. of blood by the red cells in millions per c.mm. 
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5 £ blood. The result is expressed in grams times lO’ 12 . or in billionths of a 
milligram per red cell, according to the following formula : 

lib, in gm. x 10 
red cells in millions 

Example: R. B. C. 3,500,000, lib. 10.5 gm. 

2M x 10 =, _1°L = no billionths of a mg. per R.B.C. or 30x10-’ mg. 

3.5 3.5 

The color index, determined in our series by the method of Cullen, 19 can- 
not be quite so accurate, since it assumes five million red cells to be normal. 


Table V 

A Reims's Report or a Blood Examination (Martin & McNeill Laboratories) 


BLOOD EXAMIKATIOX 


E.B.C. 

Hemoglobin (Osgood Sc Haskins) 
Average amount per red cell 
Blood iron. 

Iron index 
W.B.C. 


2, 890,000-2, 970,000 (repeated) 

9.0 gm. per 100 c.c. blood (normal about 15 )* 
31 billionths of a mg. (normal about 30)* 
30 mg. per 100 c.c. blood (normal about 45) 
10.3 

20,050-21,050 (repeated) 


DIFFEBEXTIAL 

Pomanowsky Stain. Supravital Stain 

Per cent Per cent Xo. per c.mm. 


Myeloblasts 

45.0 

69.5 

13,900 

Promyelocytes 

1.0 

2.0 

400 

Neutrophilic myelocytes 

1.0 

4.5 

900 

Eosinophilic myelocytes 

0.0 

0.0 

0 

Basophilic myelocytes 

0.0 

0.5 

100 

Metamyelocytes 

1.0 

1.5 

300 

P. M. neutrophiles 

9.5 

7.5 

1,500 

P. M. eosinophiles 

0.0 

0.0 

0 

P. M. hasophiles 

0.0 

0.5 

100 

Monocytes 

1.5 

e.o 

1,200 

Lymphocytes 

2.0 

7.0 

1,400 

Immature lymphocytes 

0.0 

1.0 

200 

Smudges 

39.0 

0.0 

0 


. 100.0 

100.0 

20,000 

Platelet count 


25,000 


Arneth’s index 


89 (normal about 60) 


Reticulocytes 


10% 


Malarial parasites 


None 



The number of red cells is considerably reduced, but the average amount of hemoglobin 
per red cell is normal, due to an increase in the average size of the cells. Many of the large 
cells are polychromatic, and a number of normoblasts and megaloblasts are present There to 
very little distortion. ' 

Thirty-nine per cent of the white cells are so fragile as to be destroved in palling a 
smear. These fragile cells arc identified in the supravital preparation as myeloblasts. These 
cells have a large round nucleus with several nucleoli and a basophilic cytoplasm. AU grada- 
tions between these nongranular cells and the typical adult neutrophile can he found. 

Impression: Myeloblastic loucemin. 


. *, T h c Percentace of hemoglobin of this patient varies according: to the normal standard r-.t 

R «* .^CcoloM n«9 S « r 4^ 
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and this factor enters into the equation. The results, however, conform closely 
with our general knowledge of what this should be, namely, high in pernicious 
anemia and low in secondary anemia. 

It, is our belief that a properly reported blood examination should con- 
tain the following data: (1) sufficient counts of the red blood cells and the 
white blood cells until they check within the accepted limits of error. (2) 
Hemoglobin determinations by the iron method of Wong” or Kennedy, 1 '' or 
the acid hematin method of Osgood and Haskins, 2 (3) the average amount of 
hemoglobin per red cell, (4) the blood iron in milligrams per 100 c.c. of blood, 
and (5) the iron index, (G) a supravital stain of the white cells as well as 
examination of the stained smear (this we believe should never be omitted 
and furnishes information not obtainable from the stained smear), (7) a plate- 
let count, (S) reticulocyte count, and (9) interpretation of the findings and 
explanation of various hemoglobin standards (Table V). Thus it will be seen 
that a complete hematologic* study is far from the simple procedure that lias 
been used for years and impossible of accomplishment in the ten minutes that 
has been allotted and boasted for it. Most technical procedures in the labora- 
tory have been greatly simplified without affecting their accuracy, but with 
our increasing knowledge of the blood, the procedure, if accurate, is becoming 
more difficult and more time-consuming, which is regrettable from many 
standpoints, the least of which is by no means financial. Because of the time 
consumed and the skill required it should not be included along with a 
urinalysis in a so-called routine examination, but accredited the same dignity 
that is accorded other special procedures. 
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BLOOD STUDIES IN HYPERTHYROIDISM* 


K. Gottlieb, M.Sc., M.D., Montreal, Canada 


ENERAL attention was first drawn to the importance of the blood picture 
in hyperthyroidism by the exhaustive studies of T. Koeher 1 and Ms co- 
workers. References to the hlood changes occurring in hyperthyroidism were, 
however, made before Koeher ’s studies by Ciuffini 2 and particularly by L. Caro. 3 
Koclier considered the blood picture as quite typical, namely a leueopenia, neutro- 
penia, and a lymphocytosis. These observations were confirmed by Crotti, 4 
Muller, 5 Lampe,® Hertz and Herman, 7 and others. Some observers, however, 
could not quite confirm the so-ealled ‘‘Koeher hlood picture,” e.g., Plumer in 
his extensive study of 57 8 cases. The leueopenia particularly has not been 
found regularly. If one considers, however, the fact that patients suffering from 
hyperthyroidism are frequently subject to profuse perspiration and diarrhea, 
which consequently leads to a certain degree of dehydration and blood eoneen- 
tiation, one can easily understand the occasional absence of the leueopenia; in 
other words the hlood concentration may mask the presence of the leueopenia. 

The following morphologic hlood studies were undertaken originally upon 
I ie icquest of Professor E. \V. Archibald, who had made, about ten years ago, 
t ie observation, in several cases, that the blood from the thyroid vein contained 
a much higher percentage of lymphocytes than the blood from the thyroid 
artery, or the peripheral capillary blood. The difference at that time was ealcu- 
3 ft CC “ pei [ centa S es » and il found hi two cases that a percentage of between 
_jmcl 40 m the thyroid artery, and in the peripheral capillary blood was in- 

torla HospUar' e IV| ' :m ment ot Experimental Surgery. McGill University, and the Royal Vic- 
Becelveu f or publication. March 2, 1033. 
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creased to 75 and even SO in the blood of the thyroid vein. Samples of blood 
were taken at the beginning of the operation, immediately upon exposure of the 
thyroid gland. Professor Archibald desired confirmation of the findings in these 
few cases. The observation seemed to indicate that a large number of lympho- 
cytes was added to the circulating blood by the fact of its passage through the 
thyroid gland. With regard to this point the blood of the thyroid artery was 
compared morphologically with the blood of the thyroid vein in 7 cases; the 
blood samples were obtained during the operation. 

The scope of the investigation was, however, enlarged by me to include an 
examination of the phagocytic power of the leucocytes, a detailed study of 
morphologic elements, and also blood examinations upon experimental animals. 
The phagocytic power of the leucocytes was studied in 6 cases of hyperthyroid- 
ism and compared with the normal. 

Signs and symptoms of hyperthyroidism were produced experimentally in 
3 cats by the injection of thyroxin, and morphologic blood studies made for a 
period of thirty days and compared with the blood of 3 normal cats. 

RESULTS 

Erythrocytes and- Hemoglobin . — Anemia was not found to be a striking 
point of the picture, although low normal and slightly subnormal figures arc the 
usual findings. A slight tendency to maerocytosis was usually observed, lead- 
ing to a color index of 1 or occasionally slightly above (sec Table I). 

Table I 


Average Findings in 14 Cases or Hyperthyroidism Before and After Therapy 


Hb. 

S2% 

S0% 

11.4S gin. 

11.20 gm. 

R.B.C. 

4,070,000 

4,030,000 

C.I. 

1.02 

1.00 

IV-B.C. 

4,600 

5 ; 73S 

Basopliiles 

13.8 

5.7 


0.3% 

0.1% 

Eosinophiles 

105.8 

142.5 


2.3% 

2.5% 

Myelocytes 

0 

17.1 

0 

0.3% 

Metamyelocytes 

0 

14.25 


0 

0.25% 

Stab, forms 

105.8 

228 


2.3% 

4% 

Normal segmented 

1,012 

1.S06.9 

22% 

31.7% 

Hypersegmented 

749.8 

632.7 

16.3% 

11.1% 

Lymphocytes 

2,042.4 

44.4% 

2,194.5 

3S.5% 

Monocytes 

455.4 

9.9% 

541.5 

9.5% 

Thrombocytes 

213,291 

241,333 

Remarks 

Preoperative 

2 weeks postoperative 
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Total Number of Leucocytes .- The total Dumber of leucocytes was mostly 
found to be low. Subtotal thyroidectomy usually led to an immediate moderate 
increase in the leucocyte count, which however returned to the original low 
level or a slightly higher one within about 2 weeks. The number of leucocytes 
was found in the differential count to be due to a reduction in granulocytes, 
especially the neutrophiles. 

Basophilcs and Eosinophilcs . — Although normal in their percentage figuies, 
they show low absolute numbers. 

Neutrophiles.— The neutrophilic granulocytes were always found to be 
diminished, in percentage as well as in their absolute figures. An increased seg- 
mentation of the nuclei was a striking feature, leading to a shift to the right 
(Ameth-Shilling) with slight evidences of degeneration. Immediately after 
operation and coinciding with the temporary increase in the total number of 
leucocytes a considerable number of young forms appeared, returning, however, 
within about two weeks to almost the original formula, irrespective of the clinical 
condition or basal metabolism rate of the patient. 

Lymphocytes . — Lymphocytes always showed a marked, but mostly relative 
lymphocytosis. There is a very slight relative reduction of the lymphocytosis 
after operation. 

Monocytes . — A high percentage of monocytes was usually present before 
and after the operation, the presence of a monocytosis was recently pointed out 
by Hertz and Lermarn (see Table I). 

Thrombocytes . — The thrombocytes usually showed low normal or slightly 
subnormal numbers. After operation there is a temporary increase in the num- 
ber of thrombocytes, returning, however to the original level in about two weeks. 


COMPARISON BETWEEN THYROID ARTERY' AND THYROID VEIN 


Six of the seY'en eases in which the blood of the thyroid artery- and thyroid 
vein was compared were cases of hyperthyroidism with definite toxic evidences, 
while one of the seven cases was a case of nontoxic goiter (Tables II and III 
show findings in these eases). 

There is a definite increase in the total number of leucocytes in the thyroid 
vein ; this increase is due almost entirely to an increased number of lymphoey-tes. 
on the average an increase of 33y 3 per cent in the blood of the thyroid vein. 
Only the case with the nontoxic goiter shows an increase in the leucocyte count 
of the thyroid vein, which is so small, that one may have to consider it within the 
limit of error. 


The morphology of the blood of the thyroid artery' compared with that of 
the peripheral blood shows practically no difference. Considering the findings 
of pathologists, of a general lymphatic hyperplasia in hyperthyroidism with 
ymphatic foci in the thyroid gland itself, we can assume that this increase of 
ymphocytes in the thyroid vein must be due to an actual formation of Ivmpho- 
evtcs m the thyroid gland. 


Phagocytic Ability of the Leucocytes . — The phagocytic power of the leueo- 
c.v es w-a S studied by an adoption of Hamburger’s method.* About 20 c c of 
oxaiated blood was allowed to stand in test tubes, kept in an incubator at 37°, 
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for four hours. The supernatant serum was first carefully removed, and then the 
leucocytes which accumulate on top of the erythrocytes. The leucocytes were 
then placed in normal saline, washed repeatedly with normal saline changes, 
and finally a suspension in normal saline was made. Five-tenths cubic centi- 
meters of that suspension was brought into contact with 5 c.c. of the serum from 
the same individual and incubated for one hour at a temperature of 37° C. 
After one hour, 0.5 c.c. of india ink was added to the suspension and incubated 
again for one hour. The tubes were carefully shaken every ten minutes to 
maintain an equal suspension. From the incubator the tubes were then trans- 
ferred to an ice box for two hours, and then smears made and stained by Pappen- 
heim’s method (Jenner and Giemsa combination). In the smears 500 neutro- 
philic cells were counted and the number of cells containing carbon particles 
were marked. 


Table IV 


case 

PHAGOCYTOSIS 0 P NEUTROPHILES 
INCUBATED IN THEIR OWN 

SERUM 

NO. OP CASE , 

PHAGOCYTOSIS OF XF.UTP.OPIin.ES 
INCUBATED IX THEIR OWN 
SERUM 

Normal 

35 per cent 

2 

10 per cent 

Normal 

3S per cent 

3 

12 per cent 

Normal 

34 per cent 

0 

14 per cent 

Normal 

32 per cent 

s 

12 per cent 

Normal 

30 per cent 

13 

12 per cent 

Normal 

37 per cent 

15 

14 per cent 

Average 

35.S per cent 

Average 

12.3 per cent 


The neutrophiles of the normal individuals showed an average of 35.S per 
cent of the cells having stored carbon particles, while only 12.3 per cent of the 
neutrophiles of the patients with hyperthyroidism showed storage of carbon 
particles (see Table IV). The question arose now whether we are dealing with 
a faulty type of leucocytes in hyperthyroidism, or whether the reduction m 
phagocytosis was due to some factor in the scrum of the patient. For that pur- 


Table V 


NO. OP CASE 

PHAGOCYTOSIS OF NEUTROPHILES INCUBATED IN NORMAL SERUM 
(GROUP IV) % 

0 

28 per cent 

3 

30 per cent 

5 

32 per cent 

8 

27 per cent 

13 

2S per cent 

15 

29 per cent 

Average 

29 per cent __ 


pose the corpuscles of the patients were incubated in the serum of a normal 
individual (Group IV, to exclude possible precipitations) and the corpuscles 
of the normal individual (Group IV) were incubated in the sera of the patients. 
The neutrophilic cells of the patients, previously showing an average of 12.3 
per cent phagocytosis, after incubation with the normal serum showed an average 
phagocytosis of 29 per cent. The normal corpuscles, originally having a phago- 
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cytic ability of 35 per cent, after incubation with the sera of the patients showed 
only 13.5 per cent phagocytosis (see Tables V and "VI). 

From these figures it can be seen that the phagocytic ability of the noutio- 
pliilcs in hyperthyroidism is definitely diminished, but this reduction of phago- 
cytosis is not due to a faulty ceil, but to the influence of the serum of the patient 
with hyperthyroidism, whether wc arc dealing with a deficient serum or whether 
there is a toxic inhibitory substance in the scrum cannot be explained by the 
above data. 

Experimental Hyperthyroidism . — Thyroxin was found to produce after 8 
to 10 daily intramuscular injections of 1 mg. per kilo of body weight, definite 



signs of hyperthyroidism. Six eats were used for these experiments, 3 of them 
were given thyroxin, and 3 were used as controls. Daily blood studies were 
made on all animals for thirty days. The thyroxin injections were started on 
the seventh day and given daily until definite toxic signs developed (loss of 
weight, restlessness, diarrhea, etc.), then one or two injections were given weekly 
Erythrocytes. — Erythrocytes showed only slight changes. After a very 
S ’ sht mUlal ri se during the third and fourth day after the injection, the erythro- 
cytes came gradually clown to a somewhat lower level during the third week after 
the injections had been started, leading to a slight degree of anemia Tim 
control animals showed no changes. 
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Table VI 


SERUM NO. 

niAGOCYTOSis or normal neutrophiles (group iv) 
incubated in patients’ SERUM 

o 

12 per cent 

3 

15 per cent 

5 

11 per cent 

8 

12 per cent 

13 

1G per cent 

15 

15 per cent 

Average 

13.5 per cent 


Leucocytes . — The total number of leucocytes remained unchanged for about 
ten days after the injections were started, then they came gradually down to a 
definitely lower level. The differential count showed this reduction of leucocytes 
to be due to a reduction of the granulocytes. The lymphocytes showed coinciding 
with the reduction of the granulocytes, a mostly relative increase. The same is 
true of the monocytes. (Chart I shows the average percentage figures during 
these observations. ) 

RESUME AND CONCLUSIONS 

Kocher’s blood picture was found to be present in practically all cases of 
hyperthyroidism. In addition as a striking observation an increase in the seg- 
mentation of the neutrophiles was noted, a shift to the right. Although the 
shift to the right may not be specific for a thyroid disturbance, just as Kocher s 
blood picture is not specific, it must still be considered as a considerable aid in 
the diagnosis, since it is not frequently observed in other pathologic conditions. 
The erythrocytes and thrombocytes are not strikingly diminished, but low normal 
or slightly subnormal figures are usually present. Tn other words the whole 
blood picture is that of a definitely depressed myeloid system. The same is ap- 
parently true in experimental hyperthyroidism. The diminished phagocytosis 
of the neutrophiles, being apparently due to an abnormal serum, together with 
the whole picture of myeloid depression all speak rather for a toxic influence of 
the thyroid gland. The lymphocytosis although mostly relative, is also absolute. 
Whether we are dealing with a general compensatory proliferation of the 
lymphatic tissue, or whether the proliferation is specific in the pathogenesis of 
the condition, cannot be decided so far. The presence of the proliferation, how- 
ever, is definite and quite apparent in the comparison of the thyroid artery and 
the thyroid vein. I would like here to refer to the work of Hellmann, Heiber, 
Schlemmer, and others who believe the germinal centers of the lymphatic tissue 
to be a protective mechanism in the distribution of poisons and toxins. Aschoff 
in his excellent dissertation on the lymphatic organs 5 does not quite accept this 
view, since there is not enough proof for the statements; he accepts, howevei, 
the possibility of such a protective mechanism. 
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MONILIASIS OF THE BILIARY TRACT* 


Report of Case 


Joseph M. Mibmax, M.D., Hartford, Coxn. 


IV /T OXILIASIS is a disease which is caused by the Monilia fungi. There are 
over thirty species composing the Monilia genus. 

Most of the organisms of the Monilia genus are widely distributed in 
nature and can be found on vegetables, fruit, wood, dead leaves, etc. 

The name Monilia was first given by Hill in 1751 when he described a 
genus of fungi consisting of a pedicle supporting a number of naked seeds 
arranged together in a series like the beads of a necklace. Langenbeek in 
1839 described the organism of a fungus found in the patches of Thrash in a 
patient who died from typhus and came to autopsy. Hansen in 1851 studied 
Hie fungi from rotting wood and found that in beer wort it produced abundant 
yeast cells which could produce a myeoderma skin-like infection in which the 
individual cells again elongated into a mycelium. But to Castellani we are 
indebted for his tireless investigation and classification of the members of 
die Monilia genus. He defines and describes this genus as follows : 

“Oosporaceae, possessing in situ budding forms and mycelial threads 
wliieli latter are often long and branched; in culture mostly budding forms, 
but sometimes filaments, in which tliallospores of the blastospore type are 

formed. It ferments dextrose and often other carbohydrate media producing 
gas.” 

Castellani classifies the species according to color and fermentation as 

follows: 


hito, yellow, pink or red, and black. 

Biochemically there are twelve groups: 

L Balraniea Group : gas produced in dextrose only. 

-• Kruse: Group: gas produced in dextrose and lcvulose. 

" ^ !no .vi Group: gas produced in dextrose, lcvulose, and maltose. 

* '- ta ' 0 ndinensi3 Group: gas produced in dextrose, lcvulose, maltose, and galactose 
__jvpiehs Group: gas produced in dextrose, lcvulose, maltose, galactose, ana saccharose. 
Received for publication, February 16, 1533. 
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G. Rlioi Group; gas produced in dextrose, levulose, galactose, and saccharose. 

7. Bronehialis Group: gas produced in dextrose, levulose, maltose, and saccharose. 

8. Guillennondi Group: gas produced in dextrose, levulose, saccharose, and raffinose. 

9. Maeedonionsis Group: gas produced in dextrose, levulose, galactose, saccharose, and 

inulin. 

10. Pseudofropicalis Castellani Group: gas produced in lactose in addition to other carbohy- 

drates. 

11. Pseudolondinonsis Group: gas produced in lactose in addition to other carbohydrates, 

but not in lactose. 

12. Zeylanica Group: no gas produced in any sugar. 

The organisms vary in virulence and pathogenicity depending upon the 
species of the genus. In the human body they may be found on the skin sur- 
face, on the normal mucosa of the mouth and of the upper respiratory and 
the gastrointestinal tracts. 

The Monilia genus has been shown to be the offensive organism of a 
number of clinieopathologie conditions of the skin , mucous membranes of the 
mouth, vagina, lung, and intestine. 

Shelmire in 1925 summarized comprehensively cutaneous moniliasis un- 
der the heading “Thrush Infection of the Skin.” Castellani gives a detail 
description of moniliasis involving the gastrointestinal tract, claiming that 
sprue is caused by Monilia. lie also describes a ease of purulent vaginitis 
caused by a Monilia genus. 

It will be interesting to note that the etiology of sprue is still in a stage 
of medical controversy, though investigators like Ashford, Castellani, and 
Anderson have attempted to prove that Monilia psilosis is the offensive 
organism. 

Moniliasis of the biliary tract has not been mentioned by the above in- 
vestigators, neither has there been any article written on this subject. 

However, in the course of my private practice I came across a case which 
I diagnosed clinically as “moniliasis of the biliary tract.” The patient, female, 
aged forty -four years, resided in Connecticut for the past twenty-one years. 
While she appeared quite robust and well nourished, yet she complained of 
severe pain across her back, in her right shoulder and hip. She suf- 
fered with these pains for the past four years. Physical examination showed 
negative findings except for a slightly enlarged spleen and a tender mass 
in the right upper quadrant which was thought to be the gallbladder*. The 
liver and the kidneys were not palpable. There was dryness in the mouth, 
but the tongue was clear. In intestinal moniliasis the tongue is coated, 
sore, and beefy. In this patient the bowels were constipated, and the stools 
were small in volume, hard and dark in color, while in intestinal moniliasis 
there is a pale, voluminous, foamy diarrhea. Blood Wassermann, urine, and 
routine blood work were negative. This patient had chills, fever, sweat on 
several occasions although smears for malaria, and blood cultures were nega- 
tive. 

The gallbladder was drained for diagnostic purposes. Before the sterile 
Belifuss tube was inserted cultures were taken from the mouth, pharynx, and 
teeth. The result of these cultures was negative for fungi. 
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A sample of “B” bile was sent to the Connecticut State Laboratory for bac- 
teriologic examination. The report showed that the bile contained B. coli, 
nonhemolytic streptococci, and yeast. On the culture the yeastlike form ap- 
peared in large amounts and was similar to Monilia moiTpliologically. A 
portion of this culture was sent to the State Laboratory of Hygiene, JIadison, 
■Wisconsin. Doctor “W. D. Stovall was kind enough to send a resume of his 
report : 

“Acid and gas in glucose, levulose, mannose. No fermentation on mal- 
tose, galactose, or saccharose. There is a distinct pellicle on the sugars which 
are fermented by this organism. Colony formation on malt agar was dull, 
dry and flat with mycelium production in forty-eiglrt hours. This organism 
corresponds to the cultural relations of several strains of myeodenna which 
we have studied. It also corresponds to the cultural characteristics which we 
obtained when we studied M.° Krusei type. ’ ’ 

The bile microscopically showed motile bacteria, bile crystals and pig- 
ments, fatty debris, epithelial cells and shreds. 

The patient’s gallbladder was drained for six consecutive weeks. Inter- 
nally she was given heavy doses of potassium iodide and hexamethylamine. 
She was on a eholesterin poor diet. 

It was interesting to note that the bile became free from fungi and bac- 
teria, though it showed a few crystals and bile pigments. The patient has 
been relieved of backache and pain in the joints for over a year. 

CONCLUSIONS 

A case of moniliasis of the biliary tract is presented. The diagnosis was 
made by finding the fungus in the bile and on culture. 

The treatment consisted of biliary drainage, potassium iodide, and 
bexamethylamine internally, and a eholesterin poor diet. 

Patient has been symptom-free for over a year. 

REFERENCES 

Castellan!, Aldo: Fungi and Fungous Diseases, A. M. A., C. 1927, 1928. 

•Jacobson, H. P.: Fungous Diseases, Thomas, 1932. 

C89 Albany Avenue. 



STUDIES ON RUBBER GLOVE STERILIZATION AND TIIE USE OF 

STERILITY INDICATORS* 


Anson IIoyt, M.D., Los Angeles, Calif. 


F ROM the beginnings of aseptic surgery the problem of adequate steriliza- 
tion of the surgeon’s hands has been of major importance. It soon became 
apparent that mechanical cleansing and chemical disinfection did not suffice, 
and trials were made of covering the hands with various substances. Methods, 1 
such as the use of waxy materials or of cloth gloves impregnated with collodion 
or liquid paraffin, were devised. Rubber gloves were introduced into surgery 
by Halstead 2 in 1889. Their use was recommended by Robb in a textbook pub- 
lished in 1894, and they have been almost universally adopted since that time. 

Rubber gloves are commonly sterilized by steam under pressure. This 
method has the advantage of being simple and efficacious, although it has not 
been standardized. Different practices are employed in wrapping the gloves, 
in stacking them in the autoclave, and in the times and pressures utilized for 
sterilization. The life of the gloves is relatively short, even with the best of 
care, as exposure to steam under pressure quickly reduces their strength and 
lessens their elasticity. It may easily be seen that any undue excess of steam 
pressure or time of sterilization will shorten the useful life of the gloves even 
more than is necessary. 

The experiments to he reported, were planned in order to determine the 
minimum lengths of time that would be required, at various pressures, to com- 
pletely sterilize heavily contaminated rubber gloves which had been wrapped in 
a uniform manner. At the same time an assay was made of the practical value 
of two types of sterilization indicators which are sold commercially. The indi- 
cators used were the Diackt and the Sterilometer.j 

The Diack is a small sealed glass tube containing a pellet of reddish wax- 
like material. When a certain temperature is reached, the enclosed pellet 
melts and changes color almost immediately. The temperature required for 
this change was found to be approximately 121° C., which corresponds to a little 
over 15 pounds of steam pressure. The complete melting of a Diack which 
has been placed near the center of a package of material to be autoclaved, is 
assumed to be indicative of the sterility of the material in question. 

The Sterilometer is a strip of heavy paper on which has been printed a 
small figure representing a thermometer, the bulb and stem consisting of two 
sections, each of which is composed of a special cream-colored ink. On ex- 
posure to heat, these inks darken gradually'. Complete blackening of the left- 
hand section, which is represented by the bulb and part of the stem, is said to 

‘From the Department of Bacteriology, School of Medicine, University of Southern Cali- 
fornia and tlie Laboratories of Unit I of tiie Los Angeles County General Hospital. 
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indicate the maintenance of a temperature of 230° F. for a minimum of ap- 
proximately fifteen minutes, while the development of a corresponding color 
in the right-hand section means that 250° F. has been maintained for the same 
period of time. A Sterilometer, which has had both sections completely black- 
ened by being near the center of a package of material that has been auto- 
claved.' is assumed to indicate the complete sterility of the contents of the 
package in question. The blackening of the left-hand section alone does not 
necessarily indicate sterility. This section is merely supposed to act as a color 
standard and to show that the material in question has actually been auto- 


claved.* 

The following organisms were used in the experiments: Cl. oedematiens, 
Cl. welchii, Cl. septicum (Vibrion sepiiquc), Cl. sordellii, CL sporogenes, Cl. 
hhtohjiicum, Cl. tetani, Cl. parabolulinum A, B. anfhracis and B. subfilis. The 
anaerobes were grown in chopped veal infusion broth for a period of at least 
two days before use. Microscopically all, save Cl. welchii and Cl. teiani, 
showed a prolific formation of spores. Growth was usually apparent in these 
latter cultures, however, even after they had been heated to 85° C. for fifteen 
minutes. B. avihracis and B. subtilis were grown on agar slants, and formed 
innumerable spores. 

The gloves used were the gloves regularly employed in surgery at the Los 
Angeles County General Hospital. After contamination they were placed 
one in each side of a regulation glove book, and this was then wrapped in a 
double thickness muslin glove wrapper about 26 inches square. In most of the 
experiments four such packages were tied together before autoclaving. This 
made up a rather bulky bundle containing eight gloves, and sometimes a ninth 
glove was inserted in one of the glove books. The use of such bundles was an 
added factor of safety, as the penetration of steam was definitely slower than 
is the ease in general practice, where gloves are wrapped in small packages and 
carefully stacked so as to facilitate the rapid penetration of steam. 

The autoclave used was the instrument employed for the sterilization of 
baeteriologie supplies at the Los Angeles County General Hospital. This ma- 
chine was carefully calibrated in respect to pressure and temperature. It was 
operated throughout, after a few preliminary experiments by one individual. 
In each experiment the glove bundles were placed as nearly as possible in the 
same portion of the autoclave. No preliminary vacuum was produced before 
the beginning of sterilization, but a special method, for quick elimination of 
the air, was employed in the later experiments. The door of the autoclave was 
left slightly open, and steam was allowed to escape at full pressure for a 
period of from one to two minutes. The door was then closed, and the steam 
pressure, used for sterilization, was attained very rapidly. This introduced 
an added factor of safety in that the time taken to attain a certain pressure 
was cut to the minimum, whereas, in general practice, this time may actuallv 
be a considerable factor in the process of sterilization. 

of t,lc experiments were conducted as follows: Two sterile swabs were 
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dipped into one of the spore-filled cultures and were then inserted into dif- 
eient ngers of a glo%e. A Sterilomctcr and, under certain circumstances, also 
a lac * were placed in the cuff of the glove. Eight, and sometimes nine, 
g oves, prepared m this manner, were wrapped as previously indicated and tied 
in o one undle. they were then autoclaved for a given time and pressure. 

ie pae va c es in the bundle were then opened, and the swabs were removed 
and cultured. The anaerobes were cultured in chopped veal infusion brotli 
vrnci a lecentl} been boiled for a few minutes and then cooled. The swabs 
Meie inserted, iota fed, and withdrawn, and sterile vaseline was poured over 
e surface of the medium. The aerobes were cultured in deep tubes of extract 
agar which had been melted and cooled to 40° C. Each culture was labeled 
vi i , ie name of the organism, the date, and the position which its swab had 
oecupie m the bundle of gloves, i.e.. whether in the outside or inside glove in 
an ou si e oi inside package. One control was made directly from the origi- 
ns cu ure o each oi ganism used. The actual Sterilometer was pasted opposite 

' e record of its corresponding pair of cultures, and the condition of the Diack 
was recorded. 

The cultmes veie incubated for at least four weeks before being discarded. 
a ^ 3rne open to criticism as we realize that an occasional spore may 
ie oimant foi an almost indefinite period before germinating. Meyer 3 recom- 
men s incubating for a three months’ period when conducting spore resistance 
cs s on . pai aboUihnxtm A. Meloney and Chatfield,' 1 however, regard fifteen 
c ays as an adequate incubation period in tests to check the sterility of surgi- 

ca catgut, and v e have chosen a time lying between the limits recommended 
above. 


Giowth in the anaerobic cultures was clearly evidenced by the production 
of gas, which forced the vaseline away from the surface of the medium. Growth 
m the aerobic tubes could be seen on the surface of the agar, and also, to a 
certain extent, in its depth. 

A total of 73 experiments involving over 1,200 cultures, exclusive of con- 
trols was performed, all of the cultural work being done by tlie author. In the 
eaily experiments a different organism was used to contaminate each glove 
in the bundle. An effort was made to distribute the different organisms so that, 
in a series of experiments, eacli one would be placed near the inside and near 
the outside of the bundles an approximately equal number of times. It subse- 
quently. became evident, however, that Cl. oedematiens was by far the most 
heat-resistant of the organisms being used. In tlie experiments in which com- 
parable numbers of the different cultures were employed, 14 out of 76 or 18 
per cent of the cultures of Cl. occlematiens showed growth, whereas growth oc- 
curred in only 5 out of 76 or 7 per cent of the cultures of Cl. sporogenes, and 
the percentage of positive cultures of the other organisms was even less. For 
this reason all the gloves were contaminated with Cl. oedematiens in a number 
of tests which were performed at a later date. 


experimental results 

In performing the experiments a given pressure was selected and a time 
which was thought to be inadequate was employed at first. Tin's period was 
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then lengthened progressively, as growth in the cultures developed until a te 
was found for each pressure at which all cultures remained ston e, lhese 
minimum sterilizing times were checked, with one exception, by at least three 
experiments, each involving eight or nine different cultures, and, in addition, 
three experiments in which Cl ocdcmaUcns alone nas used. J his latter es 
was considered to be the most crucial of all. In two instances Cl parabotuh- 
iiuat A was substituted for Cl oedema/ fens in these latter experiments, the 
question arose as to whether dried spores might be more resistant to heat than 
are spores in the moist state. In answer to this, in at least one of each seiics o 
experiments, designed to check the minimum sterilization times at different pres- 
sures, dry gloves were contaminated with swabs on which the spores had been 
dried. These dried spores showed no more resistance to heat than did the 
corresponding moist spores under like conditions. Table I gives the results of 
this series of tests with respect to completeness of sterility attained at different 
times and pressures. 

Table I 


Completeness op Sterilization Attained at Different Times and Pressures 
(Control Cultures Omitted) 


STEAM PRESSURE 

time IX 

NUMBER OF 

STERILE 

CULTURES SHOWING 

IX POUXBS 

minutes 

EXPERIMENTS 

CULTURES 

GROWTH 

5 

20 

2 

32 

2 

5 

30 

9 

140 

3 

5 

40 

6 

96 

0 

is 

30 

0 

90 

0 

10 

10 

i 

11 

7 

10 

15 

1 

16 

2 

10 

20 

7 

120 

0 

10 

25 

7 

118 

0 

15 

10 

1 

15 

3 

15 

15 

3 

49 

5 

15 

20 

o 

*J 

4S 

6 

15 

25 

4 

66 

0 

20 

10 

4 

63 

3 

20 

15 

7 

11S 

0 


An examination of the above table will show that the minimum sterilizing 
times attained for different pressures, under the experimental conditions em- 
ployed, were as follows : 


5 pounds- 
S pounds. 
10 pounds. 
15 pounds. 
20 pounds. 


40 minutes 
30 minutes 
20 minutes 
25 minutes 
15 minutes 


WO, V s T CC y T at a dlSerepaney appears between the times which 
C ; e f0Un : t0 ( be XT at ten and at P^nds pressure. This dis- 

eKvoT/u 1 1 i rtai \ t faCt th3t the P1 ' eSSUre reewded * an auto- 

clave is not always a reliable index of sterilization. In order to insure ade 

quatcsteainpcnetration the complete removal of air from the chamber is essen- 

t a • F or tins purpose most autoclaves are equipped with an automatic chamber- 

W, i T? ff!’" T* Ch allow t1le eseape of air and water of con- 
densation, but hold back most of the steam. It is entirely possible for such an 
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apparatus to get out of adjustment, in which case air may he retained and the 
temperature in the center of the packages being autoclaved may he raised 
relatively little. In such an event, when surgical materials are being sterilized, 
disastrous accidents may occur. As a check to offset this possibility the use 
of dependable sterilization indicators would seem advisable. 

In two experiments, in which gloves were autoclaved at 15 pounds for 
twenty minutes, growth occurred in several cultures. The Sterilometers, which 
had been placed in the cuffs of the gloves that were incompletely sterilized, 
showed only a partial blackening of their left-hand portion and almost no 
change at all in their right-hand section. This condition of the Sterilometers 
was evident immediately upon opening the packages, and it gave presumptive 
evidence that the gloves in question might not have been completely sterilized, 
which, indeed, turned out to he the case. Furthermore a check of all the tests 
shows that in no instance did a completely blackened Steriloineter correspond 
with a glove that proved to have been incompletely sterilized. 

The value of the Steriloineter is further illustrated by the following ex- 
perience, which recently occurred in our laboratory. Several batches of eulture 
media were found to be contaminated after having been autoclaved in the 
usual routine manner at 15 pounds for twenty minutes. For this reason it 
seemed advisable to check the functioning of the sterilizer. Two bundles, each 
containing four glove packages, were made up in the regular manner. A Steril- 
ometer was placed in each glove bundle, and one was also tied on the outside 
of each bundle. One bundle was autoclaved at 15 pounds for twenty minutes 
in the exact manner that had been employed for the above sterilization of media- 
The second bundle was then sterilized in the same manner, with the exception 
that special care was taken, in this instance, to completely exhaust all air from 
the chamber of the autoclave. 

Fig. 1 is a photograph of the actual Sterilometers used in the above two 
experiments. On the left are shown the indicators taken from the bundle which 
had been autoclaved with special care regarding the complete exhaustion of air. 
These Sterilometers are all either completely or very nearly completely black- 
ened. They are all very much darker than the darkest Steriloineter that was 
associated with a contaminated glove in any of our experiments, which goes 
to show that the penetration of steam was sufficient, in this ease, to insure 
complete sterilization of this bundle of gloves. The Sterilometers in the right- 
hand column were taken from the bundle which had been autoclaved in the 
manner routinely employed for eulture media. The Steriloineter from the out- 
side of the bundle shows an almost complete degree of blackening. The indi- 
cators from within the packages, however, are variable and incompletely dark- 
ened, demonstrating that the penetration of steam had been insufficient to 
insure adequate sterilization in this instance. Such a record should serve as a 
warning that an autoclave is not functioning properly, a state of affairs which 
might otherwise he entirely overlooked for a considerable period of time. 


subsequently repeated using: gloves contaminated n-ith 


Cl 


•These experiments were suuseuueniiy repealed using <.*• „„iA r i n ve. 

all the air was exhausted from the autoclave. 
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The value of an indicator, such as the Diaek, appears to he more prob- 
lematical. In the experiments summarized in Table I, a incited Diaek was 
always associated with complete sterilization of the glove in question. The 
Diaeks employed in this study, however, did not melt at all until a temperatuie 
of approximately 121° C. was reached. For this reason they could not be used 
as indicators when gloves were autoclaved at low pressures. Ou the other hand 
they melted almost immediately when the requisite temperature was attained, 
and therefore, theoretically at least, did not necessarily give evidence con- 
cerning the time factor involved in the complete sterilization of spores at any 
given temperature. 

It, therefore, seemed desirable to further assay the value of this indicator, 
and a new type of experiment was devised. Two gloves were contaminated 
with Cl oedemaiiens and a Diaek and a Sterilometer were tied together and 



placed in the euft of each of them. The gloves were wrapped in a small package 
containing only one glove book. They were autoclaved at a high pressure 
for a short time, following which cultures were made in the manner previously 
indicated. A number of these experiments were performed, the times in the 
autoclave and the pressures attained being varied. The protocol of one such 
experiment is here given •. 


Total time in autoclave 
Highest pressuie attained 
Diaek 

Sterilometer 
Culture from "love 


3’i. minutes 
19 Xiountls 
melted 

incompletely darkened 
growth 


hcsults such as this were obtained on two occasions. In these tests the 
emcacy of the Sterilometer was again upheld, whereas it was shown that it is 
possi , c to demonstrate instances in which the melting of a Diaek will not 
• cno as an indicator of complete sterility. 
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The importance of the penetration of steam in sterilization is also illus- 
trated by the following results: In 34 instances of cultures showing growth, a 
record was kept of whether the swabs, from which the cultures were made, had 
been taken from an inside or an outside package. Of these, 7 swabs were 
taken from outside packages, whereas 27 came from inside ones. 

DISCUSSION 

It is of interest to compare the results of the experiments reported above 
with previous work on the heat resistance of various spores. Bigelow and Esty c 
reported that some thermophilic organisms would withstand considerably more 
heat for a given time than did any of the spores employed in our work. It is 
obvious that the sterilization indicators used by us would probably have been 
inadequate as an index of sterility if the gloves had been contaminated with 
spores of these thennophiles. These organisms, however, do not appear to be 
of any consequence as a surgical problem. 

The spores of Cl. paraboiulinum A are generally considered to be more 
heat-resistant than are those of any other organism pathogenic to man. Meyer, 3 
in 1931, quoting the work of Esty and Meyer in 1922, reports the following 
figures as indicating the “maximum heat resistance of CL paraboiulinum spores 
produced in a pea peptic digest medium under optimum conditions of growth: 

“33 to 36 minutes at 110' C. or 6.1 pounds 

11 to 12 minutes at 115° C. or 9.S pounds 

2 to S minutes at 120' C. or 14.1 pounds” 

Although this organism can hardly be said to be of surgical significance we de- 

cided to check the Sterilometer against these maximum survival times. These 
indicators were therefore sterilized free in the autoclave at. the longest time 
intervals recorded in the above table and at the corresponding pressures. None 
of these Sterilometers were completely blackened. It therefore appears safe to 
assume that a completely blackened Sterilometer would indicate complete 
sterilization of a glove even though it had been contaminated with an organism 
as resistant as the above strains of CL •paraboiulinum A. 

Most of the organisms employed by us may be said to be of great surgical 
significance. Fortunately tlieir heat resistance appears to be relatively low, 
when compared with that of the above bacteria. Esty and Meyer reported that 
the heat resistance of a number of the anaerobes associated with gas gangrene 
was markedly less than that of Cl. paraboiulinum A. Murray and Headlee 
found that spores of CL tetani would be effectively destroyed in physiologic 
saline at the following times and temperatures: 

25 to 60 minutes nt 95° C. 

10 to 25 minutes at 100° C. 

5 to 10 minutes at 105° C. 

Murray 9 found the following times and temperatures effective for the destruc- 
tion of anthrax spores under like conditions : 

15 to 45 minutes at 90° C. 

10 to 25 minutes at 95° C. 

5 to 10 minutes at 100° and 105° G. 
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Finally Headlee 10 reported that spores of Cl. welchii would be destroyed under 
like conditions in 

35 minutes or less at 90° C. 

15 minutes or less at 95° C. 

10 minutes or less at 100° C. 

From the work reported it seems that a completely blackened Sterilometer 
may, when properly used and interpreted, be regarded as an indicator of the 
adequate sterility of rubber gloves. This is especially the case inasmuch as 
this indicator has been successfully cheeked against more than 400 cultures of 
Cl. oedematiens, which appears to be a highly resistant organism. The pene- 
tration of steam has been shown to vary considerably when glove packages 
are paeked closely together. For this reason it is essential that the individual 
glove packages be carefully arranged in the autoclave to permit the maximum 
aeeess of steam to each. We feel that gloves may be safely sterilized at 10 
pounds for thirty minutes, 15 pounds for twenty minutes, or 20 pounds for 
fifteen minutes, provided that the autoclave is functioning properly and that 
the penetration of steam is sufficient. A suitable indicator, if placed in the 
center of each glove package, should aet as an adecpiate check as to the effi- 
cacy of the sterilization obtained under the above conditions. 


SUMMARY 


Rubber gloves were contaminated with different spore-forming organisms, 
wrapped in a uniform fashion, and autoclaved at varying times and pres- 
sures. They were then tested for sterility. 

Minimum sterilizing times for gloves, autoclaved at varying pressures un- 
der the experimental conditions employed, were determined. 

Cl. oedematiens was found to be the most heat-resistant of the organisms 
used. 

The values of two indicators of sterility, the Diaek and the Sterilometer, 
were checked in connection with these glove sterilization experiments. 

The Sterilometer, when properly used and interpreted, was found to be 
an adequate indicator of the sterility of the gloves in question. 

Gloves may safely be sterilized at 10 pounds for thirty minutes, 15 pounds 
for twenty minutes, or 20 pounds for fifteen minutes, provided that the auto- 
clave is functioning properly and that adequate penetration of steam has 
occurred. 
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VARIABILITY IN THE CORN COMPONENT OF A 
RACHITOGEXIC DIET 


Robert S. Harris, B.8., ant .John* W. M. Bunker, Pii.D., Boston*, Hass. 


I N A PREVIOUS communication 1 avc recommend that before vcIIoav corn 
(maize kernels) be used in a raehitogenic diet, it should be stored for at least 
six months after grinding. We have found that this procedure reduces varia- 
tions in the intensity of rickets and increases the severity of the rickets pro- 
duced in rats on the Steenboek diet No. 2965. Bourdillon and covorkers* have 
recently substantiated this finding. 

Further work in these laboratories supports our original findings and con- 
firms our opinion that the content of antirachitic substance in corn is responsible 
for tlie variations. This Avork consists of testing forty samples of yellow corn 
obtained during June and July, 1931, from nineteen different states of the United 
States. Five pounds of each sample Avcre finely ground and stored for six 
months at room temperature in Avhite. soda-glass, cork-stoppered bottles. An 
equal portion of each sample was stored under the same conditions but ground 
at the end of the storage period rather than at the beginning. After storage, 
a sample of each corn, stored after grinding and ground after storing, was in- 
corporated as the sole corn component of a batch of the Steenbock ration. 

These eighty rations, differing only in respect to their corn component, 
each prepared with the same care to secure uniformity in compounding, were 
fed for the usual tAventy-one days to Wistar strain albino rats, of average 
initial Aveight 50 to 55 gm. in groups of four each. EA-ery animal Atas Aveigked 
each second day throughout the test. 

The degree of rickets Avas determined by the “line test” and confirmed 
by x-ray. The results are expressed as +,++,+ + 4-, 4- + + +, in increasing order 
of severity. The aA-erage degree of rickets for each group is displayed m 
Table I and in Fig. 1. 

Chemical determinations on the forty corn samples included moisture, ash. 
fat (petroleum ether tliirty-liour Soxlilet extract), calcium (modified method o 
Neumann 3 and of Treadwell and Hall, 4 and phosphorus (modified methods o 
Neumann 3 and Johnson 5 ). Condensed results are given in Table I. It may a re 

♦From the Department of Biology Research Laboratories and Public Health. Massachusetts 
Institute of Technology. 
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be that there are phosphorous linkages which vary in assimilation properties. 
We are analyzing for these various phosphorus fractions and will icport on 
them later. 

The most significant chemical constituents, because of the known importance 
of the Ca/P ratio in this diet, are calcium and phosphorus. In our analyses, the 
size of the sample taken (10 gm.) proved insufficient to give a quantitation of 
calcium. Check determinations made subsequently upon larger samples by us, 
and the subsequent, oral presentation of corroboratory work by Ilolmes , 1 n showing 
that the expectancy for calcium in corn is of the order of about 0.05 per cent, 
make it obvious that in this ration, in view of its large proportion of added 



CaCO,, the calcium constituent of the corn itself has an insignificant effect 
upon the total Ca/P ratio of the diet as compounded. 

Phosphorus determinations showed that there is considerable variation in 
the amount of this element in the different samples of corn. This variation was 
so large that tjie Ca/P ratio of the diet compounded with sample X o. 40 was 
3.98/1, and G.T, 1 with sample No. 3. The degree of rickets produced by these 
two samples, when used freshly ground, was “none” and “one - ” hut when 
stored after grinding it was “two and “three respectively mile 
actual determinations of phosphorus were not made upon the same corn sample 
>o i bet ore and after storage, there seems no valid reason for a decrease in 

hat ttSTi ( °"i " <hT 1>aSis) <lurin? stora "°- and * & therefore assumed 
, “ ’° ,al phosphorous content of the stored ground corn represents the 

-ntent o a similar sample stored in the whole kernel. An examffiatLn of 
indicates that neither the total phosphorus nor the Ca/P ratio of the 
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finished diet, correlates with the variations in degree of rickets produced. In 
this connection, it may be pointed out that our results do not entirely agree with 
those reported by Brown and coworkers 7 in which difficulty in producing 
rickets upon a ration containing more than 0.25 per cent P is indicated. We 
heartily agree with their thesis that the percentage phosphorus in raeliitogenie 
diets should be stated. 

In view of the evidence herewith presented, we conclude that the presence 
of a significant amount of antirachitic substance definitely affects the degree of 
rickets produced and causes wide differences in the raeliitogenie properties of 
the corns tested. 

It seems to us a reasonable premise that in testing a substance for its 
antirachitic potency, the animals at the start of the feeding period should he in 
a condition caused by the absence of the factor which is to be assayed, not in a 
condition caused by a partial deficiency of this factor. In testing the ability of 
a substance to cine rickets, the animals should be rachitic, not partially 
rachitic. Judged by this criterion, if “freshly ground” corn were used by each 
of forty laboratories which had been supplied with samples of corn identical 
with ours, at the end of twenty-one days only one laboratory would have animals 
with severe rickets, 14 laboratories would have animals with moderate 
rickets, 13 would have animals with fair rickets, 6 would have animals with 
slight rickets, and 6 would have failed to produce any rickets at all- 

Even if these corns had been ground and then stored before using in tlie 
diet, although the results would have been favorable in a larger number of cases 
(12 samples supporting the production of satisfactory 4-f- rickets, 11 giving 
3-f, 14 causing 2--, 2 producing rickets of ]> degree, and only 1 failing com- 
pletely to cause a detectable rachitic condition), still it must be evident that 
this preliminary grinding and storage for six months is merely a palliative and 
not a remedy and does not relieve the user of the necessity of preliminary assai 
of his corn sample. 

Space prohibits the discussion of the varying rates of growth with the 
samples tested and whether this has any bearing upon the results. "W e ean find 
no correlation between our growth curves and the severity of rickets developed 
and conclude that the relation is negligible if present at all. 

The development of a raeliitogenie diet more reliable than those contain- 
ing variable substances such as corn, is necessary. "We have inaugurated experi- 
ments toward this end. 
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T3IE RELATION OP BLOOD GLUTATHIONE TO TIIE HEMOGLOBIN 
AND AMOUNT OP RED CELLS* 

Rawsox J. Pickard, M.D.. and Charles S, Marsdex, Jr., Ban Diego, Calif. 


G LUTATHIONE, found widely in plant and animal tissues, is the chief of 
the sulphydryl compounds which have the reversible property of accept- 
ing and giving up hydrogen. “The autoreduction and oxvdation of glutathi- 
one depend on the simultaneous presence of catalytic metals and an addi- 
tional factor” (Wurmser), conditions found only in living cells. This faculty 
constitutes an intracellular respiration. In the blood, glutathione exists only 
in the cells and might, therefore, be expected to follow their fluctuations. We 
find, however, that it does not do this, that the amount of glutathione even in 
severe anemia is usually near the nonnal level, so that its quantity relative to 
the hulk of the containing cells is increased. The glutathione is, therefore, 
independent of the hemoglobin, and is rather connected with the metabolism 
of the erythrocyte as a living cell. Our work suggests that glutathione is 
larger in amount proportionately in young cells and a normal glutathione in 
an anemic blood is evidence of replacement. 

To learn the relation, if any, of glutathione to hemoglobin, to number of 
red cells, cell volume, and to the other reducing substances of tbe blood, we 
chose for study a series of anemic bloods. In pathologic bloods the wide 
deviations of tbe various findings would throw into light immediately any 
quantitative connection between any group of the constituents, while with 
the normal of a biologic substance the narrower limits of normal deviation 
might place some of the elements examined in a specious relationship express- 
ible by a simple figure and made plausible by statistical correlation. While 
we were working, there appeared the paper of Woodward and Fry 1 on blood 

glutathione (GSH) in which they computed Gabbe’s quotient, ; and 

added one of their In 23 bloods Gabbe’s quotient ranged 

from 4.9 to 9.1, the quotient of Woodward and Fry from 5.3 to 8.2. This 
would hardly prove any relation between these elements in normal blood. 
Our tables of anemic bloods show still more clearly this lack of quantitative 
relation. 


Glutathionef was determined by direct titration with N 1/1,000 iodine 
using starch as internal indicator, as advised by Delaville and KowarskiJ 
adding 2 c.c. of 25 per cent KI to 10 c.c. of tungstate filtrate as suggested 
by Per kweig and Delrue. 3 The iodine solution was cheeked by titration of a 


•From the Reward) Department. Grace Deere Velle Clinic, Carmel. Calif 
TtccclvciJ for publication. March 1, 1933. 

tGlutathlone rccrlv.il tlirouch tbe courtesy of Dr. E. M, MacKav. 
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standard glutathione solution. We used the ordinary 1/10 tungstate blood 
filtrate. The stability of glutathione in this filtrate will appear in the note on 
tissue filtrates. 

The hemoglobin was determined by the Newcomer method (B. & L-). a 
method that is practical and is as accurate as the Van Slvke oxygen capacity 
method when the Newcomer glass plate lias been standardized by the latter.' 
and with which duplicate tests check so closely as to be unnecessary. Asa 
percentage we report the hemoglobin by Williamson's normal of 16.92 gro- 
per 100 c.c. for men, 15.53 gm. for women. This seems to be accurate for our 
locality, San Diego. The careful work of Osgood and Haskins lias shown their 
normal of 15.8 gm, for men, and 13.7 for women to be correct for Oregon 
where their work was done, but use of their normals made the color and vol- 
ume indices too high for the clinical picture in our cases. The wide variation 
of the red cell count and of the hemoglobin in health makes any standard 
quite arbitrary. The difference between men and women's blood is really a 
difference perhaps occasioned by the difference between their muscular ac- 
tivity. Sedentary persons should probably be appraised by the normal female 
standard. 


As volume index, VI _ we took 5 million as 

per cent normal cell count 

normal red cell count, and 48 per cent (Sanford 5 ) as normal volume of packed 
cells. We tried out the volume index by the method of Osgood, Haskins and 

Trotman, 5 VI ee nt ° e } 1 Yok ™ G when the volume of packed red cells 

per cent E. B. C. 

per 100 e.c. blood, calculated to a red cell count of 5 million (men 41 per cent, 
women 43 per cent packed cells) is taken as 100 per cent cell volume for the 
sex, and when 5 million per e.mm. is taken as 100 per cent red cells, but this 
index was considerably too high for our locality, giving with the bloods of the 
secondary anemias in Table I an average of 1.1 ; with the anemias from hemor- 
rhage, Table II an average of 0.9; with the subnormal bloods in Table IY, 


the average was 1.1. 

The color index was calculated by dividing the percentage of 5 million 
cells into the percentage of hemoglobin, obtained as above. So many indices 
have been advised for clinical blood work that it seemed best to choose these 
two which are better known and simpler. Both are subject to inexplicable 
variations. The rule is given that if either the color or volume index is over 
1.25, the anemia is pernicious. There are many exceptions to this among oui 
cases. 

The apparent blood sugar determined by the Folin-Wu method, as is well 
known, includes a nonglucose sugar in small amount, the glucid X of Fonte s 
and Thivolle, saceliaroid of Benedict, which is not glutathione.' The non- 
glucose reduction beyond that of the Folin-Wu figure, as measured by B lC 
Ionesco ferricyanide technic 8 in the same tungstate filtrate is reported in terms 
of glucose. This, the Y-reduction first reported by Pickard, Pierce, Marsden, 
Tanaka and Townsend, 0 includes the reduction given by glutathione. One- 
half the figure for the amount of glutathione in milligrams per 100 c.e. sub- 
tracted from the Y-reductioh (excess of the Ionesco technic over the Folin-Wu, 



PICKARD- JIARSDEX : RELATION' OF BLOOD GLUTATHIONE TO HEMOGLOBIN 397 

as glucose) leaves the variable part of the Y-reduetion. due to unknown sub- 
stances which are greatly increased in certain pathologic conditions. Gluta- 
thione is separated from the other part of the Y-reduetion by the preparation 
of unlaked blood filtrates (Folin), it being then precipitated with the red cells. 30 

The bloods are arranged in the tables in order of increasing amounts of 
glutathione. Table I gives the findings in 23 eases of secondary anemia of 


Table I 

Nonuemop.rhagic Secondary Anemias 


PATIENTS REFEREED TO BY NUMBER 
TOGETHER WITH NAME OF 
ATTENDING PHYSICIAN 
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Infection 
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tliione was normal, 30 mg. j>er 100 e.e. Assuming 30 mg. glutathione and 5 
million cells as normal, the concentration of glutathione in samples 31 and 40 is 
respectively 50 per cent and 200 per cent of the normal concentration. Cal- 
culated to a normal cell volume of 4G per cent the glutathione concentration is 64 
per cent (31) and 250 per cent (40). In the erythrocytes put in circulation imme- 
diately after hemorrhage, the glutathione was exceptionally low. Its restoration 
to normal in a week would seem indicative of its importance. The same drop 
after hemorrhage occurred in Case 51 (Table VI). Unfortunately we were 
unable to obtain follow-up specimens on other patients in Table II. In these 

Table II 


POSTHEMORRHAGIC AXEMIAS 


PATIENTS REFERRED TO BY NUMBER 
TOGETHER 'WITH NAME OF 
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* After intravenous glucose. 


bloods of anemia from hemorrhage the glutathione follows somewhat the loss 
in cells and hemoglobin. In nearly all the bloods in Table I, the glutathione 
is in the normal range of 20 to 40 mg., average 30 mg., and its importance to 
the metabolism of the erythrocyte can be deduced from this together with the 
absence of any ratio between the amount of glutathione and the number of 
cells, amount of hemoglobin, cell volume percentage, or the amount of the 
other reducing bodies. Graphs drawn experimentally to trace an} r trend oi 
grouping of the GSH and other blood findings showed only the widest diver- 
gence. We believe that the tabulated results bear out the idea that the hemo- 
globin and cell volume percentage should be reported in their actual amounts, 
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as arc tlic red cell count and the blood chemical findings, rather than as a 
percentage o£ normal averages, which latter, like the indices, can be misleading. 
The clinician should base his diagnosis on findings referred to the normal 
range for the individual type. Ratios between the findings not apparent on 
inspection are apt to he misleading or unimportant. 

Table III gives the glutathione in 7 eases of anemia diagnosed as per- 
nicious; this is not enough from which to draw any conclusions but the lou 
glutathione is noticeable. The bloods in Table IV are mostly in the lower limit 
of normal but were placed there because of apparent good health. None of the 
eight were doing any regular active muscular work. Except the patient in 


Table III 


Persic toes Anemias 
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15. Ball 

Pernicious anemia 7 
years 

0.6 

2.0 

1.7 

6 

fl2 

1.0 

1.0 

145 

156 

u 

46. Austin 

Treated case 

— 

11.3 

11.7 

33 

— 

- 

— 

— 

— 

— 

47. Albert}- 

Occasionally treated 

3.2 

12.5 

13.2 

30 

m74 

1.2 

1.2 

122 

146 

24 

48. Doria 

Pernicious anemia 8 
years 

2.6 

12.0 

18.1 

34 

m71 

1.2 

1.4 

100 

105 

5 

50. Ball 

Treated 

1.0 

5.6 

27.7 

0 

m 

1.8 

0.9 

89 

130 

41 

51. Marsden 

Untreated 

3.2 

12.5 

28.6 

41 

fS2 

1.2 

1.3 

85 

191 

106 

52. Roberts 

Untreated 

3.3 

13.C 

- 

43 

fS4 

1.3 

1.3 

80 



52. .Month later 

Treatment 

1 4.4 

12.2 

34.2 

35 

1 78 

0,0 

O.S 

81 

128 

47 


Case Cl all were regular users of alcohol, the distinction of 62 and 64 as 
“alcoholic” was because they were exceptional in the amount consumed daily, 
the patient in Case 64 using 300 c.c. (as absolute alcohol) daily, and it was 
thought that this might influence the blood sugar, in both cases at the upper 
normal limit. 


We were able to follow two cases. Case I was a young man, a college 
student in poor health in that he easily became exhausted. Physical examina- 
tion was negative except for a basal metabolic rate of minus 16. His father 
died of Hodgkin’s disease. While his blood smears were negative, the high 
color and volume indices suggest pernicious anemia. The blood glutathione 
remained low (Table V). There is evidently a severe metabolic disturbance. 
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The low basal rate may be clue to tiie low glutathione and resultant lower 
intracellular metabolism and not to the thyroid. 

Case 53, a woman in midlife, was in a run-down condition, asthenic, nerv- 
ous, worried anil suffering from insomnia at the time of the first examination 
when the Y-reduction was high, 10(1 mg. The high blood indices suggested 
pernicious anemia ; there were no nucleated cells. The second examination 
was like the first except that the patient was feeling stronger and sleeping 
well and the Y-reduction was then normal. 13 mg., of which glutathione ac- 
counted for 12 mg. The high red count with lower hemoglobin on December G 
(Table VI) was due to severe menstrual loss; she had been on liver and iron 
treatment for a week. The glutathione fell to S.7 mg. with the hemorrhage, and 
the color index from 1.4 to 0.9. 


Table IV 
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4.6 

12.0 

12.3 

3S 

£78 


0.9 

124 

134 

10 

62. Alcoholic 

4.7 

15.0 

1S.4 

44 

mS9 


1.0 

115 

138 

23 

63. Aged 50 

5.4 

16.4 

IS. 4 

45 

m9S 

0.9 

0.9 

112 

152 

40 

64. Aged 50, alcoholic 

4.5 

14.0 

22.0 

41 

mS3 

0.9 

1.0 

fm 

147 

27 

65. Student 

4.1 

16.2 

24.6 

45 

in£>6 

1.2 

1.1 

85 

10S 

23 

60. Student 

4.7 

15.4 

2S.3 

41 

m92 

1.0 

0.9 

95 

109 

14 

67. Student 

5,6 

15.5 

31.7 

46 

m 02 

O.S 

0.0 

101 

132 

31 

6S. Sedentary 

5.1 

16.0 

37.5 

41 

m94 

0.9 

0.8 

SI 

112 

31 

Averages 

4.S 

■nan 

24.1 

43 

01 

0.0 

0.9 
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The Y-reduction was originally calculated as a difference in reduction be- 
tween different filtrates and reduction technics, and was then found to average 
about 40 mg. per 100 c.c. in normal blood. 9 There have not been many nor- 
mals examined since the use of the Ionesco technic as a comparison with the 
Folin-Wu in the same tungstate filtrate. As Fabre 11 says, the difficulty of 
dissolving the sulphydryl derivatives tends to demonstrate that reduced gluta- 
thione does not exist in a free state, but in a potential form in the cells of the 
organism. This is borne out in that copper solutions are not reduced by the 
glutathione in the blood, while glutathione added to blood before precipita- 
tion gives an added reduction with the Folin-Wu (20 per cent as glucose) and 
Ionesco technics (50 per cent, as glucose) and is also quantitatively recovered 
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by the iodine titration and in the increase in nonprotein nitrogen. 1 The 
Ionesco technic shows the reduction of true glucose and of glueid X, as does 
the Folin-Wu, and in addition the reduction of the glutathione of the cells 
together with a reduction due to unknown substances. 11 ’ We believe from 
the present work that the normal fasting Y-reduction nearly approximates 
that part of the Y-reduction due to glutathione. Certainly a 1 -redaction of 
over 25 mg. shows an increase in the part due to the unknown substances 
which are increased, or retained, especially in kidney disease. 

The possibility that the quantity of glutathione in a tissue might serve 
as an index to its metabolic activity is suggested by tbe work of Blanelietiere 


Table V 


Follow-Up Data ox Two Cases 
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14.5 
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40 

m86 

1.0 

1.0 

82 

102 

20 

Deo. 6 

4.3 

12.8 

t 7.3 

43 

76 

0.8 

1.0 

80 

92 

12 

Jan. 5 

3.7 

12.5 

7.0 

40 

74 

1.0 

l.i 

100 

110 

10 

Feb. 3 

4.5 

12.8 

5.2 


76 

0.7 


- 

- 

- 

Case 51. Oct. 28 

3.2 

12.5 

2S.6 

41 

fS2 

1.2 

1.3 

85 

191 

106 

Nov. 1 

3.0 

12.8 

23.8 

42 

83 

1.4 

1.5 

89 

102 

13 

Dee. 6* 

4.0 

11.5 

S.7 

42 

75 

0.9 

1.1 

100 

114 

14 

Jan. 5 

4.0 

12.6 

25.4 

43 

81 

1.5 

1.1 

110 

136 

26 


♦During severe menstrual hemorrhage. 


and Melon, cited by Wurmser, 13 using dog and rabbit tissues. Mme. Boucher- 
Firly found that the total amount of glutathione in eels diminished as they 
grew older, and there is a parallelism between the amount of glutathione and 
the oxygen consumption. 13 Murray found the same progressive diminution in 
glutathione in chicken embryo. His work is cited by M. Labbe, H. Labbe 
and Ncpveux in a resume of the work done on the clinical aspect of the gluta- 
thione content of blood and other tissues. 14 They state that neither fasting 
nor diet change the glutathione in the blood nor is there any connection 
between tbe quantity of glutathione and changes in tbe basal metabolism. They 
think that “the mechanism of tbe action of glutathione is extremely complex 
that, it is probable that the sulphydrvl bodies act at the level of certain stages 
of the degradation of acid chains where there is no immediate or simultaneous 
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effect on the terminal stages such as glucose, urea or uric acid." They found 
a loiv blood glutathione in many patients with disturbed nutrition: gout, 
diabetes, cirrhosis, obesity, half or less of the 21 mg. per cent which they find 
in normal blood, following the technic of Tunniclifl'e modified by Random 
and Fabre. 

That the comparison with the normal glutathione of the tissue may be 
an index to the restorative capacity in pathologic conditions is suggested by 
our tables of anemic bloods. Table YI gives the glutathione content in cavy 
and human tissues, including three cancers. We macerated the tissues in 
distilled water for an hour, then precipitated with tungstic acid to obtain a 
1/10 filtrate as with blood. There has been some criticism of the tungstate 
extraction of glutathione. Following Tunniclifl'e most of the work with gluta- 
thione has been done on trioehloracetic acid filtrates. Repeated tests on our 
tissue filtrates either alone or standing on the tissue and continuing the ex- 


T.uu.k VI 


Glutathione in Tissues (Figubks, Mii.uckamk rat 100 om.) 


1. Guinea pig — muscle 30.0 

3. Guinea pig — 

muscle 54.0 

liver 307.0 

(pregnant) uterus 170.0 

placenta 81.0 

3. Guinea pig — 

muscle 50.7 

same, after 3 weeks’ extraction 50.0 

4. Guinea pig embryo — 

muscle 54,0 

liver 170.0 


5. Human — papillomas from 
ovarian cyst 

0. Human — cancer breast 
mass under skin 
deep in breast 
same mass deep in breast 
pectoral muscle 
same muscle 
fat 

7. Human — cancer breast, recurrent 

8. Human — fibrous mastitis 

0. Human — 

uterine muscle 
decidua 

10. Human— embryonal cancer testis 


145.0 

210.0 

330.0 

320.0 

131.0 

127.0 
0.9 

140.S 

1.9 

125.9 

45.5 

475.0 


traction, cheeked so closely after hours and even days that we give the result 
of one test in which the extraction continued two weeks and the glutathione 
determination was the same within the limits of error. The tungstate extrac- 
tion seems to be immediate and complete. For these z-easons we do not think 
the criticism of tungstate filtrates for glutathione are valid. We tried the 
sulpliosalicylic acid filtrate advised by Woodward and Fry but did not get a 
distinct end-point with the iodate titration, and the results were lower than 
with tungstate and iodine. 

With guinea pig liver and striated muscle our results correspond with 
those obtained by Blanehetiere and Melon. In the embryo cavy the liver is a 
tremendous storehouse for glycogen, nearly 2.8 per cent as glucose. The fet^ 
liver has a low glutathione content compared to that of the adult liver when 
the digestive function is active. The glutathione in the pregnant uterine 
muscle of the cavy was much higher than that in the smooth muscle examined 
by the French investigators. The highest glutathione we found was in an 
embryonal carcinoma of the testis, and except for liver the largest amount 
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found in other tissues was in parts of an actively growing cancer of the breast. 
This is in accord with the findings of Thompson and Voegllin (cited by 
Wuraser). Their statement that these tumors seem to collect glutathione and 
that it diminishes in the rest of the organism is contradicted by Labbe and 
Xcpveux. and for the blood at least is not sustained by Woodward and Fry, 
who found a normal blood glutathione in their six cancer cases. In the em- 
bryonic carcinoma of the testicle, cancer of the breast, papilloma and other 
tissues the area in the microscopic picture occupied by nuclei is in direct ratio 
with the glutathione content of the tissue, suggesting that this substance is 
chiefly in the nuclear protoplasm. Fat, containing almost no cytoplasm, had the 
lowest glutathione, almost as low was given by the dense white fibrous tissue 
from a chronic mastitis. Tissue activity and the amount of glutathione seem 
to correlate to such an extent that the latter may be taken as an index to 
intracellular metabolism. 

SUMMARY 

The blood glutathione is necessarily lowered when there is a sudden loss 
of blood, but its amount is early restored to the normal preceding that of tbe 
number of red cells and tbe hemoglobin. There is no quantitative relation 
between tbe hemoglobin and the glutathione of the blood. Although the 
glutathione of tbe blood is part of the content of the red cells, its quantity 
does not follow variations in either the cell count or the cell volume. The 
average amount of glutathione in 2 patients with nonhemorrhagie secondary 
anemia (Table I) was 24.9 mg.; excluding the 5 bloods with glutathione under 
20 mg., the average was 28.5 mg. For the bloods taken after severe hemor- 
rhage (Table II) the average glutathione was 17.1 mg., average red count 
2.3 million, average cell volume 17.5 per cent. Calculated to a red count of 
5 million, the glutathione would be 37 mg., a 23 per cent excess concentra- 
tion in the cells, and to a normal cell volume of 46 per cent, there, is a 150 
per cent glutathione concentration. This gives added emphasis to the find- 
ings in Case 1, Table V. In this patient the glutathione as calculated for 
5 million cells is 8.0, 8.5, 9.5, 5.8 mg. for the four examinations, averaging 
only 27 per cent of the normal concentration as to cell count, and 26 per cent 
of the normal as to cell volume. The persistently low glutathione in the 
blood of this patient, asthenic, hut without definite physical findings, con- 
stitutes a deficiency in cell protoplasm new to medical literature. 
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THE INACTIVATION OF GROWTH HORMONE 5 


II. As a Result of Exposure to Ant 


II. S. Rubinstein, B.S., M.D., Baltimore, Md. 


I N THE course of experiments dealing with tlie effect of growth hormone 
upon the brain-weigkt-body weight ratio 1 it was noted that in order to 
maintain continuous body growth in rats (Mus norvegicus albinus) it was neces- 
sary to use fresh extract almost every other week. This became necessary be- 
cause after an initial growth stimulating effect, it was noted that the extract 
soon lost its potency. It therefore became quite an interesting problem to 
determine the factors causing this loss of potency of the extract and recently 
this laboratory reported improper refrigeration to be one of these. 2 

As a result of this, it was found advantageous to place a few drops of 
phenolphthalein as an indicator into each bottle of growth hormone and to use 
the extract only as long as the P H was maintained at approximately 8.3. The 
addition of phenolphthalein led to a rather interesting observation ; namely, that 
pouring the extract, into a beaker prior to administration caused a fading out 
of the red color with a consequent loss of alkalinity. At first this phenomenon 
was believed to be due to acid fumes in the air since our laboratory is situate 
in an industrial center. 

In order to rule out such an atmospheric factor, 30 c.c. of growth hormone 
were placed in an open beaker within a refrigerator whose temperature was 
kept at 10° C. In another beaker, were placed 30 c.c. of meat extract wtoc i 
is ordinarily used for control injections. The alkalinity of each extract- was 
just sufficient to give a pink tinge to phenolphthalein (P H 8.3). These were 

*From the Neuroanatomical Laboratory of the Department of Anatomy, TTniversitJ of 
Maryland Medical School. 
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then allowed to stand, thus exposed to the cold air of the ice box. for twenty- 
four hours, at the eud of which time, the growth hormone solution was com- 
pletely decolorized, while the meat extract maintained its color. The only 
single factor which could possibly have decreased the alkalinity of the growth 
hormone was air, since refrigeration was adequately maintained. Furthermore, 
as long as the extract was kept stoppered no diminution in its alkalinity could 
be noted. 

If allowed to stand long enough, this alkalinity will be decreased even to 
the point of becoming truly acidic, since 3IorrelF cheeking up on some of our 
findings noted in one ease a drop in P H from S.3 to 6.76. 

The necessity for keeping the solutions well stoppered even during injec- 
tions becomes quite apparent since, as in the case where inactivation is the 
result of inadequate refrigeration, growth effects can be obtained only with 
definitely alkaline material. 

CONCLUSIONS 

1. Growth hormone is active only so long as it is alkaline. 

2. Alkalinity is diminished and even lost when the hormone is exposed 
to the air. 

Acknowledgment : The author wishes to express his gratitude to Dr. Carl 
L. Davis, the head of this Department, through whose kind cooperation and 
excellent advice this work is being canned on. 


REFERENCES 

E Rubinstein, H. S.: The Effect of Growth Hormone on the Brain-Weieht-Bodv Weisht 
Ratio, Anat. Rcc. 53: 265, 1932. J B 

2. Rubinstein, H. S.: The Inactivation of Growth Hormone as a Result of Inadeanate 

Refrigeration, J. Lab. &. Clin Med. 19; 63, 1933. 1 

3. Morrell, J. A.: Personal communication. 



LABORATORY METHODS 


THE DETERMINATION OF HEMOGLOBIN BY THE 
IRON CONTENT METHOD* 


Russel.^ L. IIadex, M.D., Ci.kyeeaxd, Ohio 


T HE presence of iron in blood was first demonstrated by Menghini of 
Bologna in 1747, 1 and for more than a century the study of this problem has 
excited much interest. Quantitative analyses were made by Denis in 1830,- and 
quite accurate estimations were accomplished by others before 1S50. The earl} 
investigators obtained a remarkable uniformity of results 3 by working 
relatively large amounts of blood. 

After the isolation of hemoglobin in crystalline form by Fiuike in 1851- 
analyses of hemoglobin crystals by Iloppe-Seyler’ showed sufficient iron in the 
crystal to account for all the iron found in whole blood. In the first monograph 
on hemoglobin, published in 1S71, G Preycr compared the quantitative determina- 
tion of hemoglobin by the spectroscopic, iron content, and colorimetric methods 
and found that they gave identical results. In lS77, r Malassez' first paper on 
clinical methods for estimating hemoglobin described three chemical methods, 
by determination of the iron content, of the oxygen capacity, and of the liematm 
content of the blood. Even at this early date in clinical hcmoglobinomelry, ho" 
ever, the colorimetric method already was well established and numerous proee 
dures were in use. The iron content method was little used for many veais, 
although the ferrometer described by Jolles in 1S9S S was employed to some extent 
and papers on the iron content of the blood appeared from time to time. 

In recent years, there has been much improvement in the methods f 01 
estimating hemoglobin and renewed interest in the two available accuiate 
chemical methods. This has been due largely to the development by Menu 
of a simple and precise microchemical method for the determination of 110,1 
and also to Van Slyke’s 10 development of a blood gas apparatus in which oxt 
capacity of the blood can be determined correctly by using small quantities 
blood. Laboratory workers agree that all hemoglobinometers should be stanc ,n 
ized by some accurate chemical method, and the oxygen capacity method " lS 
so far been the one preferred. Blood gas analyses, however, require expel icm 0 
and special apparatus. The determination of iron is a simpler procedure, a 111 
if it yields results as accurate as the measurement of hemoglobin by the oxy^ 
capacity method, it should be of equal value as a method of standardization a 11 

•From the Cleveland- Clinic. 

Received for publication. April 5, 1933. 
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also should he available for special laboratory estimations of hemoglobin. If 
the estimations of hemoglobin by the iron content and by the oxi gen capacity 
methods cheek within the limit of error, it is apparent that the ratio must be a 
constant one and that the iron content is an accurate measure of the amount of 
hemoglobin present. For all practical purposes, the iron content of the whole 
blood may he considered an indicator of the hemoglobin just as the oxygen 
capacity is taken as a measure of hemoglobin. 

The oxygen capacity method determines all the hemoglobin present in blood 
except the small amount combined with carbon monoxide. Gcttler 11 has shown 

Table I 


Comparison or Hemoglobin Determinations by Oxvgex Capacity and Iron Content 

Methods 



HEMOGLOBIN* 

IRON OXYGEN 

content CAPACITY 

Lindsay, Riee and 7 Original Wong 

Bellinger 

Gm. per 100 Gin. per 100 
c.e. c.c. 

7.89 7.88 

8.13 9.06 

12.48 12.21 

14.85 14.15 

15.87 15.16 

15.79 15.89 

18.80 18.78 

Mean 

13.40 13.30 

Kennedy S Kennedy 

12.55 12.45 

13.20 12.80 

14.70 14.52 

17.00 16.90 

17.42 17.38 

17.96 17.90 

19.70 19.60 

20.10 20.40 

Mean 

16.58 16.49 

Hadcn 10 Dupray modification ! 

of original Wong 

12.50 12.40 

12.95 13.28 

12.98 13.15 

13.32 13.43 

13.46 13.13 

14.63 14.95 

14.68 15.02 

14.68 15.11 

16.25 15.82 

17.53 17.31 

Mean 

14.30 14.36 

Widen 11 New Wong method 

6,2 6.0 

7.8 7.6 

5.4 S.O 

9.4 9.4 

10.3 10.6 

10.7 10.4 

11.8 lio 

11.8 12.1 

12.1 12.4 

14.4 14.4 

Moan 

10-2 10.2 

— Mean of 3G clot originations 

i 10.3S 13.34 
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that tlie carbon monoxide content of the blood is greater in city than in country 
dwellers but is never sufficient to interfere with clinical determinations of 
hemoglobin. Riecker 12 found a small amount of iron (1.1 ± 0.022 mg.) in the 
blood plasma of normals. The remainder of the iron present in blood is in the 
hemoglobin molecule. In a recent article Reich and Ticdcman 13 have disputed 
the value of the iron content of the blood as a measure of hemoglobin and have 
concluded that the ratio between hemoglobin and iron is not constant; they used 
in their study a colorimetric estimation of hemoglobin. 

From time to time over several years I have determined the iron content 
and the oxygen capacity of specimens of oxalatcd blood. Lindsay, Rice and 
Sellinger, 14 and Kennedy 15 have made similar studies. The values for hemo- 
globin, when calculated in these two ways, have always checked closely and well 
within the limit of error. I have compiled the data so far available in Table I. 
In 36 determinations, the mean hemoglobin by the iron content method is 13.3b 
gm. and by the oxygen capacity method, 13.34 gm. These results indicate that 
there is no variation in the iron hemoglobin ratio not accounted for by errors 
in estimation, and prove that the iron content is as accurate a measure of the 
hemoglobin as is the determination of the oxygen capacity. 

My early determinations wore made by the Dupray 15 modification of the 
original Wong method. In this procedure, perchloric acid is added to facilitate 
digestion and nitric acid to prevent fading of the iron sulpliocyanate. Kennedy 
suggested the digestion of the blood with perchloric and sulphuric acids, and 
subsequent extraction of the digested material with sodium sulpliocyanate and 
amyl alcohol to prevent fading. In Wong’s new method, 17 the iron is split off 
from the hemoglobin with sulphuric acid and potassium persulphate, and the 
interfering proteins arc precipitated with tungstic acid, and sodium snlpbo- 
c.vanate is added to the filtered solution. The potassium persulphate prevents 
the fading of the iron sulpliocyanate for a long time. I have found no difference 
in the results obtained by different methods. The new method of Wong” is as 
follows : 

REAGENTS REQUIRED 

“All the reagents except the standard must be iron-free as shown by blank tests. 

“1. Concentrated Sulphuric Acid. 

“2. Sodium Tungstate. — Dissolve an appropriate amount of good grade sodium tungstate 
to make a 10 per cent solution. 

“3. Saturated Potassium Persulphate. — Introduce into a small glass-stoppered Lottie 
about 7 gm. of pure potassium persulphate and shake Tip with 100 c.c. of distilled water. Th c 
undissolved portion settles on the bottom to make good any decomposition upon standing. 

“4. Potassium Sulpliocyanate. — Prepare approximately a 3 X solution by dissolving 
146 gm. of pure potassium sulpliocyanate in distilled water to make 500 e.c. Filter, if 
sary. Add 20 c.c. of pure acetone to improve its keeping quality. 

“ 5 . Standard Iron Solution. — Weigh accurately 0.7 gm. of crystallized ferrous ammonal® 
sulphate and dissolve in about 50 c.e. of distilled water. Add to the solution 20 c.c. 0 
dilute (10 per cent) iron-free sulphuric acid, warm slightly, and then add 0.1 X (approximate) 
potassium permanganate solution to oxidize the ferrous salt completely. Dilute with d® 
tilled water to one liter exactly. Each cubic centimeter will contain 0.1 mg. of iron for use 
as a regular standard. To make weaker standards dilute this standard solution accordingly- 
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“Transfer accurately with an Ostwahl pipette O.u c.c. of blood into a oO e.e. volumetric 
flask and introduce 2 c.c. of iron-free concentrated sulphuric acid. VS hrri the flask to agitate 
the mixture for one or two minutes. Add 2 c.c. of saturated potassium persulphate solution 
and shake. Dilute to about 25 c.c. with distilled water and add 2 c.c. of 10 per cent sodium 
tungstate solution. Mix. Cool to room temperature under the tap and then dilute to volume 
with distilled water. Stopper the flask and invert two or three times to effect thorough mix- 
ing. Filter through a dry filter paper into a clean, Atv receiving vessel. Pipette exactly 
20 c.c. of the clear filtrate into a large test tube graduated at 20 and 25 c.c. 

“Measure into another similar test tube exactly 1 c.c. of the standard iron solution 
containing 0.1 mg. of Fo per c.e. Add with a graduated 1 c.c. pipette 0.8 c.c. of iron-free 
concentrated sulphuric acid and dilute to the 20 e.e. mark with distilled water. Cool to room 
temperature under the tap. Xow add to both the unknown and standard 1 c.c. of saturated 
potassium persulphate and 4 c.c. of 3 X potassium snlphocyanatc solution. Insert a clean 
rubber stopper, mix, and compare in a Duboscq colorimeter. 

“Calculation.— As the 20 c.c. of filtrate taken represent 0.2 e.c. of the original blood, 
and the quantity of standard solution used contains 0.1 nig. of Fe, if the reading is made with 
the standard set at 20 mm., then 20 divided by the reading (r) of the unknown and multiplied 
by 50 will give the number of mg. of Fo in 10 c.c. of the blood examined. To obtain the 
percentage of hemoglobin, divide this number by 3.35, since hemoglobin contains 0.335 per 
cent of iron. 

on 

_ x 50 = mg. of iron per hundred cubic eenti- 

^ meters of blood. 

20 v* oO 

: — percentage of hemoglobin in blood. ’ ’ 

R x 3.35 


In some of the recent articles on blood iron the results are expressed as iron 
in milligrams per hundred cubic centimeters rather than as hemoglobin. 
Murphy, Howard, and Lynch 3 have described an “iron index’’ in which the rela- 
tion of the iron in milligrams to the red cell count in millions is calculated. 
Since, as I have indicated above, for every practical purpose, all the iron present 
is in the form of hemoglobin, I can see no reason for recording the results in 
terns of iron rather than of hemoglobin. Likewise, an “iron index” is the 
same as a color index since the relation of the iron to the cell eount is again 
only another way of expressing the relation of the hemoglobin to the cell eount. 

Reich and Tiedemann 13 have suggested an “iron -volume index” which ex- 
presses the relation of the iron to the mass of packed red corpuscles. Since here 
again, the iron is really a measure of the hemoglobin, this is really a saturation 
index and serves only to confuse the issue by multiplying the various indices. 


CONCLUSIONS 


The iron content method is a simple and accurate method for determining 
ibe amount of hemoglobin in the blood, and the results check closely with those 
of the oxygen capacity method. 

Ihc iron method for the determination of hemoglobin deserves wider use 
m cluneal laboratories for the checking of hemoglobiuometers and other pur- 


Poi e\ er\ practical purpose all the iron present 
of hemoglobin, so the results should he calculated 
as “blood iron.” 


in the blood is in the form 
as hemoglobin rather than 
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The “iron index" is only another way of expressing the color index, and 
the “iron volume index” another way of expressing the saturation index. 
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OBSERVATIONS UPON THE LIPOKRIT METHOD FOR THE 
DETERMINATION OF THE LIPOID CONTENT 
OF BLOOD' 5 ’ 


Louis 6, Herrmann', M.D., Azf.l Ames, M.D., and Robert J. Tapke, M.D., 

Cincinnati, Ohio 


D URING the course of our work upon the experimental production of pul- 
monary fat embolism, 1 it was found that the tolerance for fat injected intra- 
venously appeared to vary with the animal’s nutrition and diet. Therefore it 
became necessary to control these experiments by determining the lipoid content 
of the blood before and after the injection of fat. Accepted methods for the 
determination of blood lipoids, such as the Bang-Bloor chromate titration method 
or the gasometrie method of Baeldfn, seemed unnecessarily detailed and la- 
borious since we were primarily interested in relative variations of the total 
lipoid content rather than exact quantitation of the individual lipoid constitu- 
ents. Our search for a simple procedure disclosed the Hemolipolrrit method 
recently devised by Riickert 2 of Marburg, Germany. With a few modifications, 
this simple, volumetric micromethod has proved to be ideally suited to our ueeds, 
and we feel that it is of such potential value in investigative work upon “fats” 
that a detailed report of our experience with the method should be placed on 
record. 

Throughout this report the term lipoid is used in accordance with the 
terminology employed by Peters and Van Sivke 3 to denote the fats and fatlike 
substances in general, while the conjugated lipoids, suc-h as the phosphatids 
and cerebrosides, are designated by the term lipides. 

The principle of the Lipolcrit method is essentially that of the Babcock 
method for determining the fat content of milk and cream. The proteins of the 
blood are changed from the colloidal state to one of molecular dissociation by 
means of sulphuric acid, permitting complete liberation of the lipoids by 
hydrolysis and centrifugation. Riickert found the optimum concentration of 
sulphuric acid for freeing lipoids from blood serum to be 70 per cent by weight 
when used in the proportion of five parts by volume of aeid to one part of 
serum. He also devised the hcmolipokrit pipette which made it possible to 
measure accurately the minute volume of lipoids derived from small amounts of 
blood (Pig. 1). The addition of a small amount of amyl alcohol to the sulphuric 
acid accelerates the separation of the fat droplets and facilitates their coalescence 
into a measurable column. 

In testing the accuracy of this method, Riickert employed aqueous emulsions 
of the various lipoids and recovered them from the sulphuric aeid, amyl alcohol 
mixture with an average error of only 0.004 gm. per cent. He found that 
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neutral fats, fatly acids, cholesterol, and cholcstcrin esters separated immediately 
upon centrifugation, while phosphatids, such as lecithin, rcfphred an eleven- 
hour period of hydrolysis for complete liberation of their fatty acids. Mixed 
aqueous emulsions of equal parts of triolein and lecithin were found to yield 
an increasing volume of fat and fatty acids with hourly centrifugations until a 
maximum constant level was reached at the end of eleven hours (Fig. 2). The 



S?7.( p, 

Fig-. 1. — Sketch of the lipokrit pipette and clamp (after Rtickert). 

difference between the initial and final readings, therefore, represented the fatty 
acids derived from lecithin. 

By applying the foregoing observations to the examination of blood serum. 
Rtickert was able to establish a simple lipoid partition by which the neutia 
fats, free fatty acids, cholesterol and cholesterin esters were obtained immediate > 
upon centrifugation in the first fraction, while the various lipides were repic 
sented by their fatty acids in the second fraction obtained after eleven ° 
twenty-hour hours of hydrolysis. In order to compute the volume of hpi ,s 
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from their fatty acids in the second fraction, it was necessary to multiply the 
va t uc for this fraction bv the arbitrary factor 1.1964 obtained by assuming 

739.4 

that lecithin, which bears a volumetric relationship of~ g^g~or 1-1964 to its 

fatty acid constituents, is the only important lipide of blood scrum.^ The total 
lipoid content of a specimen of scrum was then determined by adding the ob- 
served volumes-percentage of lipoids obtained in the first fraction to the com- 
puted volumes-percentage of lipides in the second fraction. Further differentia- 
tion of the lipoid partition may ultimately be possible. In serum of known 
higli cholesterol content we have been able to demonstrate, with the polarizing 
microscope, a definite anisotropic layer at the base of the fat column in the 
lipokrit stem, but so far we have not succeeded in making consistent measure- 
ments of this layer. 

At present there is no extensive work on the comparison of the results of 
the lipokrit method with those of other methods. Rxiekert, 2 and Leppien 4 have 
made parallel volumetric and gravimetric determinations of the total lipoid 
content of serum. In these studies the results obtained by the volumetric method 
were converted from milliliters-percentage (ml.%) to gvams-percentage (gm.%) 
by (A) applying an arbitrary specific gravity factor (obtained by assuming, 
as do Bloori and Backlm, 0 that the mixture consists of two parts of fat to one 
of cholesterol) to the value for the mixed lipoids of the first fraction, and 
(B) by dividing the value of the lipides of the second fraction by the specific 
gravity of lecithin. The gravimetric values were obtained by extracting the 
lipoids with aleohol, ether, and petroleum ether and evaporating the filtrate 
to constant weight. The eight pairs of parallel determinations made by Buekert 
showed an average difference between volumetric and gravimetric results of 
9.011 gm. per cent, with diserepaneies ranging from 0.001 gm. per cent to 
0.036 gm. per cent. In all but two, the volumetric value was the higher. In 
a similar series reported by Leppien the differences ranged from 0.003 gm. 
per cent to 0.066 gm. per cent, with an average discrepancy of 0.029 gm. per 
cent. All hut three of these pairs showed a higher gravimetric value. 


METHOD 


/. Apparatus .* — In devising the hemolipokrit pipette Wickcrt combined the essential 
features of the hematocrit tube, the erythroeytometcr pipette and the Babcock bottle, adding 
a small inlet bulb one-fifth the voiume of the mixing chamber, for measuring the proper pro- 
portion of serum. The serum bulb, the mixing chamber, and the graduated portion of the 
capillary stem hear a volumetric relationship to one another of 25:12-5:1. Accurate measure- 
ment of the sample of scrum is facilitated by the addition of an “automatic” capillary tip 
which projects into the mixing chamber from the serum bulb (Fig. X). The capillary "stem 
is so calibrated that each of its 100 divisions represents 0.04 per cent of the eapacitv of the 
mbit or serum bulb. The actual volume of this bulb will vary slightly in different 'pipettes 
mU Hit? average capacity is 0.15 ml. 


The bemoUpokrit clamp is a great improvement over the ordinary hematocrit clip. The 
pipelle tnn he held tightly enough in this clamp to permit violent shaking and high-speed 


. , •The Hpokrlt pJftvtt* 
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centrifugation without leakage. The difference in weight between the various pipettes and 
clamps is negligible thus eliminating the necessity for balancing before centrifugation. 

II. Reagents. — (a) Sulphuric Acid: This reagent should be an aqueous solution of ret 

20° C. \ 

pliuric acid, 70 per cent by weight with a specific gravity — / 1-6105. II iickert found 

that more concentrated solutions oxidize the lipoids to a certain extent, while more dilate 
solutions are incapable of completely hydrolyzing the coagulated protein. We have confirmed 
these observations and, in addition, have found that a solution of sulphuric acid of greater 
specific gravity will give fictitiously high fat readings (detected by control tests with physio- 
logic salt solution) by causing amyl alcohol to separate from the mixture. Since sulphuric arid 
(c. p.) varies somewhat in concentration, we have found it necessary to determine its specific 
gravity by means of a Westphal balance prior to making the calculations. It is also advisable 
to check the specific gravity of the solution which has been prepared to detect any possible 
error. 



(b) Amyl Alcohol: Chemically pure iso-amylic alcohol with a boiling point of l- s <|0 
130° C., and a specific gravity ( — of 0.S50 has been found more satisfactory for tlu- 

method than the fusel oil ordinarily employed in milk analysis. 

(c) Contrast Stains: In order to facilitate measurement of the lipoid column in t xe 

capillary stem of the lipokrit, Buckert stained the sulphuric acid with methylene blue 
made the amyl alcohol a vehicle for a spirit soluble anilin yellow dye which is taken up . 
the fatty acid radicle. The clear, colorless fluid column in which the fatty layer is ‘ 15 
tinguishable only by the light reflex of the interface, is differentiated by this means m o 
two sharply contrasting components — an opaque dark blue green column rising out of ® 

mixing chamber and a supernatant pale yellow lipoid layer. The optimum concentration^ 
these dyes in their respective solvents was found to be as follows: methylene blue ( I “ e ^ 
icinal) 0.08 gm. per 100 ml. of the 70 per cent sulphmrie acid solution, and anilin ye o 
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, , , . . , -iv n i,., vp found that a saturated solution of scharlach 

0.15 gm. per 100 ml. of amyl alcohol ^ lipoid Inver than any anilin yellow 

B in amyl alcohol is a much more effect briclit red color imparted to the 

lipoids affords a much more striking contrast nun rm- ui b 

hpotot pipette.^^^ prepara( . on of ihe mood gamp le.- The Wood is taken from an artery 

or vein "with small glass syringes which have been cleaned in sulphtmc acid-po ass - 
dichromate solution and dried with alcohol and other, using rustless st^lneedlesrenderdfat 
free by acetone and sterilized in the autoclave. In order to prevent h molysm the needles 
and syringes must he absolutely dry. Two milliliters of blood is ample for duplicate 



Fig. 3. — Photograph of the accessory apparatus, a, Capillary pipette for separating- the 
serum, b. Automatic burette bottle for sulphuric acid, methylene blue solution, c. Automatic 
microburette bottle for amyl alcohol scharlach K solution, d. Glass stoppered weighing bottles 
for mixing the special reagent, e. Motor-driven shaking machine for the lipokrit pipettes. /, 
Special duralumin centrifuge head, g, Heat insulated slit lamp with magnifying glass and 
mlcrobumer attached. 

terminations. The specimens are transferred to chemically clean, fat-free culture tubes 5 
indies in length, and then centrifuged as soon as the clot has formed. 'R'e have found that 
centrifugation at approximately 1900 r.p.m. for five minutes in a No. 1C International 
centrifuge with head No. 233 fitted with the usual small cups gives the maximum yield of 
scrum with a minimum demulsifiention of the fats. The supernatant serum is then trans- 
ferred to another tube by means of a special large capillary pipette drawn from a 6-inch 
hard glass culture tube and fitted with an “asepto” rubber bulb (Fig. 3, a). 

(bj reparation of the Kcagmt Mixture: The sulphuric acid-amyl alcohol mixture is 
prepared by adding 1 volume of the amyl alcohol-scharlach B solution to 12.5 volumes of 
the sulphuric ncid-mcthylene blue solution. Biiefcort found that when smaller proportions of 
alcohol arc used the fat droplets tend to Temain discrete and fail to coalesce properly upon 
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and give fictitiously high fat readings'^'Th-n e' 1 "f 1 ', ^ Hl, ° Ms " I ' 0 " rifugafion 

serving somewhat higher ,..r g " • , 0 ,m ' e confirmed these findings to the extent of ob- 

the amyl alcohol, and protecting the • ‘ •! /' a,ul r) ’ 1Ist "R !l nncrolmrette for 

li trapping^ f] ie vents with o * ,? i P ncid solution from atmospheric moisture hr 

each set of determinations with • ren £ <n * s I,,a . v * >e measured out and freshly mixed for 

and accuracy. Approximately ' U j Um '"’ of n,lste -' ind exposure, and a maximum of speed 

sequenth- a series of 12 dotermi'V" ° 10 ,,nxt,lrc 18 needed for each determination, con- 

blue solution and O.S ml. of theV°"f 10 inL of the sulphuric acid-methylene 

thoroughly mixed by shaking vigorously for , ° , ' !U ‘ h!, . rh, ' 1 ‘ Jf *° ,uMon - Tliese fh,ids shou,d bc 

}, gorously for five minutes and warming to about 30° C. For 
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until it has cooled to room temperature ^ nI . l01Vctl to stand for “bout twenty minutes or 
premature use of this mixture causes " coHe V* T/™" 1 bubbles ’ Wc ha '’ e foOTd tbat t, “' 
with the coalescence of the fat droplets rV°” ° f m th ° hpokrit sfem whidl interferes 
thirty minutes before it is to bc used. ' ^ shoU,d ' ?7, crc/orc, he prepared oio«' 

to insure homogeneouf dSwbntton oTtlm ‘r ° U -fl be ‘1 gitated b - v f? ent,e ™fation of the tube 

serum during centrifugation Violent si f hr>0 , iaS W ncb SOmetimes con,c to the to P o f tbe 

of the resulting bubbles. The lipokrit pipeUe is tl ^ bCenUS ° ° f “* 

is slmvlv d nwn „ n ti 1 . P pette ls fben introduced into the tube and the serum 

“hSjL t meaSUr,ng bUlb Until f!,C a « ta “ a tic capillary tip is filled. The 
reafent m ^re mn ^ontally while the end is wiped dry and then dipped into the 

fTh fl r SU f . UP ti,rou Kb the inlet bulb to prevent coagulation 

of the serum m the automatic tip, and then drawn very slowly into the mixing chamber. 

During this process the pipette should be held vertically and twirled rapidly to and fro be- 
tween the thumb and forefinger as the fluid rises. At least one minute sho'uld be consumed 
m filling this chamber, for if the process is hurried, dissociation of the coagulated protein 
will he sufficiently delayed to retard the liberation of the lipoids and lead to low readings 
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after the initial centrifugation. The reagent should be allowed to rise but halfway up the 
capillary stem, and when it has been adjusted at the 50 mark, tl.o pipette should be with- 
drawn to the horizontal position, wiped dry, and fitted tightly into the lipoknt clamp. The 
apparatus is then shaken vigorously in a motor-driven device (kig- 3, e ) for lire minutes. 
If the time intervals for filling and shaking have been properly observed, the fluid column 
will he found to have contracted with cooling to the level of the 10 or 15 mark at the base of 
the capillary stem, and this incompletely hydrolyzed portion may be allowed to run back into 
the mixing chamber without feaT of losing any lipoid material at the inlet. Filling of the 
pipette is then completed by again drawing up reagent until the column reaches the 100 mark 
at the top of the stem. The objections to filling the pipette in one stage are, first, incomplete 
hydrolysis of the material in the stem, and second, contraction of the fluid column into the 
miring chamber upon cooling. If the pipettes arc filled properly in two stages, the fatty 
layer will always be found within the limits of the graduated portion of the capillary stem. 

(d) Centrifugation: In his original publication of this method, Eiickert specified cen- 
trifugation at a speed of 2,000 r.p.m. for ten minutes, but later in a personal communication 
to us he stated that he had found it necessary to increase the speed of centrifugation fo 4,000 



Pig. 5. — Alimentary lipemia curve of an obese adult. 


r.p.m. in order to obtain the most constant and accurate results. We have found that the 
speed of centrifugation (the radius remaining constant) must be governed by the time 
hydrolysis curve of the lipides in relation to the total (elapsed) time necessary for filling, 
shaking, and centrifuging a given, number of pipettes. By repeated determinations at various 
speeds on the same specimen of serum, with centrifugation for periods of five minutes at 
five-minute intervals, we have learned that the lipoids of the first fraction are usually liberated 
completely in from ten to thirty minutes after filling the pipettes, depending upon the degree 
of centrifugal force applied. We have also found that the hydrolysis of the lipides commences 
after thirty minutes have elapsed regardless of the speed and duration of centrifugation 
it seems to b c essential, therefore, that readings for the first fraction, be completed within 
!' r f mHtl,cs after filling the pipettes. If twenty minutes were required to fill and shake 4 
pipettes then they should bc centrifuged with sufficient force to liberate the entire first frae- 
;on ln the remaining ten minutes, while if only 2 determinations were to be made, requiring 
ten minutes for fitting and shaking, there would be twenty minutes left for centrifugation 
would I W! T " T W b ° ncfon, P felied at a slower speed with a centrifugal force which 

approximately inversely proportional to the relative centrifugal force 
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(I?. C. F.). Example: Using an International centrifuge No. 1C with head No. 233 and 2 
small carriers (rotating radius of the center of gravity of the fluid mass being 15 cm.) at the 
maximum obtainable speed of 1,900 r.p.m., we were able to apply a centrifugal force of only 
5S9,23o dynes/gm. (It. C. F. 001 gm./gm.), and complete liberation of the first lipoid fraction 
required a twenty-minute period of centrifugation; while with the same centrifuge but a 
special duralumin head (radius 11.25 cm.) designed to reduce “windage,” a speed of 3,500 
r.p.m. was obtained, and the resulting centrifugal force of 1,502,150 dynes/gm. (Ii.C.I 
1,533 gm./gm.) was sufficient to separate these lipoids in about eight minutes. Theoretically 
this work could be accomplished in approximately one minute by an It. C. F. of 12,000 gm./gm. 
From these observations the following proportion may be stated, by means of which it is pos- 
sible to estimate the number of minutes of centrifugation (T) required for any given com- 
bination of speed (N in r.p.m.) and radius (I? in cm.), i.c., 

T : 1 : : 12,000 : 0.0000111X=I{ 



If T phis the time required for filling and shaking the desired number of pipettes is found 
to be thirty minutes or more, a greater centrifugal force will be needed. Although most of 
the determinations which we present in Tables 1 and II were made with an II. C. F. of GOO 
gm./gm. for fifteen minutes and a total (elapsed) time of twenty minutes for separating the 
first fraction, we arc now convinced that in order to obtain comparable and uniform results 
the initial centrifugation should be made consistently with an It. C. F. of 1^00 gm./gm., for a 
period of ten minutes and that the total elapsed time (from filling to reading) should be uni- 
formly limited to twenty-five minutes. The specified centrifugal force may bo obtained with 
the following equipment: 


— 

MAKE 05" CENTRIFUGE 

MODEL 

TYPE OF HEAD 

SPEED 


International 

1C 

Special (Fig. 3, f) 

3,000 r.p.m. 


International 

1SB 

Nos. 210; 220; 225 

2,900 r.p.m. 


International 

O 

Nos. 251; 240; 2-11 

2,700 r.p.m. 

— 


(e) The First Fraction : Headings. After centrifugation the fluid column will usually 

be found to have contracted to the 70 or SO mark on the lipokrit stem, nnd the coalesced, 
liberated lipoids, stained a bright scarlet, will be layered over the dark blno green reagent 
mixture at about this level. The length of the lipoid column should be rend promptly nit 1 
the aid of a magnifying glass and a bright light. Because of the tliermometer-likc behavior 
of the sulphuric acid, a cool source of light is desirable, and we have found that readings are 
facilitated by the use of a lieat-insulated slit-lamp (Fig. 3, <7). Frequently a portion of the 
lipoids solidifies on cooling, and in order to obtain a clear-cut interface it is necessary to 
warm the portion of the lipokrit stem occupied by the fatty layer in the flame of a micro 
burner. There is no appreciable expansion of the column of fat on heating. In cold weather 
it is advisable to do this routinely as quickly as possible, because slight warming of ® 
bulbs from contact with tlic hands or lamp will make the fluid rise and leave solidified lipon 
particles behind thereby necessitating reeentrifugation. Each division of the lipokrit scale 1- 
equivalent to 0.04 per cent of the volume of the serum taken into the pipette. It is P os ^ 
sible to read accurately to one-tenth of one division. For example, a fatty layer occupy in ~ 
9.0 divisions would represent a content of 0.3S4 ml. of neutral fat, free fatty acids, cholestero 
and cholesterin esters per 100 ml. of serum. In view of tlio differences in specific g T * T '^ 
and variations in the relative proportions of these lipoids, we prefer to report the value 0^ 
the first fraction in terms of the observed relative volume rather than attempt to transpose 1 
into gravimetric units. _ . ^ 

(f) The Second Fraction: Time hydrolysis curve of the lipidcs. After taking the un 
Tendings, Eiickert allowed the pipettes to stand for twenty-four hours in ™ incubator 
37° O., in order to obtain complete hydrolysis of the lipides. We have learned, lowever, 
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parallel determinations at 37° C., and at room temperature (32° C. to 2/ ° C.), that the rate 
and completeness of hydrolysis arc not influenced appreciably by temperature within these 
limits. We have also observed that somewhat lower readings are frequently obtained after 
incubation at 37° C. due to the loss of small amounts of lipoid material which adhere to the 
glass above the capillary boro when the fatty layer is carried to the top of the stem on 


Table I 


Volume or Lipoids in Relation to the Period or Hydrolysis 


volume or the lipoids 


PERIOD 

DONORS or serum : 

OF fasting, fourteen hours ; 

so. or ' ( 

RECORDED IX DIVISIONS OF 

LIPOKKIT SCALE 

LIPO- 

KRIT 

30 j 
MIN- 
UTES 1 

4 

HOURS 

s 

HOURS 

12 

HOURS 

24 

HOURS 

i 

White male, aged 30, Ht. 65", 

211 

5 s 

10 

» 1 

n 

11.5 


Wt. 143 pounds. Interne. 

212 

i) ‘ 

10 

ii 1 

n 

11.5 


Hospital diet 

213 

5 ; 

10 1 

i 

n 

ii 

11.5 

2 

White male, aged 2G, Ht. 65", 

237 

6 

10 j 

12 

12 

12 


Wt. 145 pounds. Interne. 

239 

6 

10 

11 

12 

12 


Hospital diet 

240 

G 

1° I 

11 

12 

} 

12 

3 

White male, aged 28, Ht. 70", 

231 

9 ! 

14 I 

14 

15 

15 


Wt. 158 ponnds. Interne. 

232 

9 t 

U i 

14 

15 

15 


Hospital diet 

233 

° 1 

13.5 ' 

14 

14 

1-5 

4 

White male, aged 29, Ht. 72", 

231 

9 

13 ! 

14 

14 

14 


Wt. 175 pounds. Interne. 

232 

9 

( 14 

15 

15 

15 


Hospital diet 

233 

9 

13 

14 ! 

14 

! U 

5 

White male, aged 25, Ht. 72", 

234 

7 

i 10.5 

12 

12 

! 12 


Wt. 175 pounds. Interne. 

235 

7 

11 

12 

12 

12 


Hospital diet 

236 

7 

10.5 

12 

12 

12 

G 1 

White female, aged 47, Ht. 

235 

7 

13 

14 

14 

14.5 

| 

| 64", Wt. 250 pounds. Hv- 

23G 

7 

13 

14 

14 

14 


pertension. 1,200 cal. diet 

237 

7 

12 

13 

14 

14 

7 

White female, aged 48, Ht. 

234 

10 

12 

15 

1-5.5 

15.8 


Go", Wt. 225 pounds. Obst. 

235 

10 

13 

15 

15.5 

16 


jaundice. Hospital diet 

236 

10 

13 

14.5 

15.3 

16 

s 

White female, aged 24, Ht. 

231 

20 

20 

26 

27 

27 


05", Wt. 140 pounds. Preg- 

232 

21 

| 26 

26 

27.5 

27.5 


nancy, term. Hospital diet 

233 

20 

| 2G 

26 

27 

27 

9 

White female, aged 24, Ht. 

211 

10 

1 10 

11 

12.S 

12.9 


55", Wt. 1GG ponnds. Tox- 

212 

9 

1 10 

12 

13 

13 


emia, preg. Nephritic diet 

919 

-lu 

j 9 

! 10 

13 

13 

13 

in 

White male, aged 52, Ht. 65", 


2.7 

S 13 


! 17 

17.5 


Wt. 127 pounds. Catar. 

223 

2.4 

12.2 


I 16 

17 

— 

jaundice. Pat-free diet 

224 

! 2.5 

1 12 

— 

! 17.5 

! 17.5 


) 


Table II 


divisions — * 




O 

1 

2 

3 

4 ' 

5 

G 

7 

S 

9 

T 

r - . 
N 

S 

0 

2 

Is 

0 

0.47S 

0.957 

1.435 

1.914 

2.392 

0.04 8 
0.52G 
1.005 
1.4S3 
1.901 
! 2.440 

0.096 

0.574 

1.053 

1.531 

2.009 

2.4SS 

0.144 

0.G22 

l.inn 

1.579 

2.057 

2.536 

0.391 
0.070 
1.14 S 
1.627 
2.105 
2,'A3 

0.239 

0. 718 
1.190 

1. G74 
2.153 
2.031 

0.287 

0.7G5 

1.244 

1.722 

2.201 

2.G79 

0.335 
0.831 
1.292 
1.770 
2.24 S 
2.727 

0.3S3 

0.S61 

1.340 

1.818 

2.296 

2.775 

0.431 

0.909 

1.3S7 

1.S0G 

2.344 

0 COO 
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warming. Consequently, we prefer to carry out this process at room temperature. Further- 
more, we believe that there is not sufficient difference between twelve-hour and twenty-four- 
hour readings to justify depriving the laboratory of the use of the lipokrit pipettes for more 
than twelve hours. Evidence for this opinion is presented in Table I of 10 determinations 
in triplicate (Table I). After the twelve-hour period of hydrolysis, the fatty acids derived 
from lipides arc added to the lipoids of the first fraction by a second period of centrifugation 
which should be identical with the first. 

/Tf: Calculations . — -The value for the reading obtained after the twelve- 
hour period of hydrolysis does not represent the total lipoid content of the 



Fig-. 6. — Chart showing the lipoid content of the blood of 37 normal patients as determined bj 

the lipokrit method. 


serum because the increment, or the difference between the first and secon 
readings, is due to fatty acids derived from the lipides and not clue to the 
lipides themselves. The apparent volume of the lipides must be computed from 
the observed volume of tlieir constituent fatty acids by multiplying the number 
of scale divisions of the increment by 0.04 and then by the factor 1.1964, or tins 
may be done more simply in one step by multiplying by the factor 0.04S. The 
total lipoid content of the serum may then he determined by adding this valve 
for the apparent volume of the lipides to the observed volume of the lipoids »> 
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the first fraction. These calculations are greatly facilitated by the use of 
Tabic II prepared by Riickert, in which the ml. per cent of lipides (phosphatids) , 
computed from their fatty acid components, is given for any number of divisions 
of the lipokrit scale from 1 to 59. 

T. Results. Fig. 6 shows the volume of lipoids in the blood serum, after 

fourteen hours of fasting, as determined by the lipokrit method in a sciics of 
37 normal patients. 

Since only a small quantity of blood is needed for each set of determina- 
tions made by this method, the rate and degree of absorption of fat from the 
alimentary canal can bo studied easily and without injury to the patient. Sev- 
eral normal adults volunteered for such studies. All of these patients were 
given the same diet of known composition. The lipoids of the blood were de- 
termined at hourly intervals for twenty-four hours. The results of two of these 
series of determinations arc shown in the accompanying curves (Figs. 4 and 5). 
A more detailed report of similar studies will be presented at some later time. 

SUMMARY 

The lipokrit method is a simple volumetric mieromethod for the determina- 
tion of the lipoid content of blood serum. 

Slight alterations of the original method of Riickert with certain refinements 
of technic have made it possible for us to obtain consistently uniform results. 

The lipoid content of the blood serum, after fasting for about fourteen 
hours, appeal's to be fairly constant regardless of the age or sex of the indi- 
vidual. 

Two curves showing the typical increase in the lipoids of the blood which 
occurs several hours after each meal are presented. 

Xote: The authors wish to express tlieir appreciation to Pr. Glenn E. Cullen, Director 
of Laboratories of the Children's Hospital Research Foundation, for his kind cooperation and 
many valuable suggestions during the course of this work. 
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IIIE MODIFIED GRAM STAIN OF MUCH* 

Otto S. Kk etsciimer, A.M., M.D, Denver, Colo. 

B !'' C /WWl *>■ Pcfli°!K,,c« Mikroorrjaimmcn (1930), 

the acid fjfl V “T' ,S f0rms ot tiihcrcnlosis one linds on!v 

a dia“ ef“c \ Z ° T ■“ «*• to this f.m 

tubercle bacillus Ins ” 3 P 1<n Jolls paper 1 by me it was seen that the classical 

acid-fast - morenv * '+/ 1 + f Culunc Gram property as long as the organism is 

of the acid fast v*’ ? Ca “ not have this Property because of the presence 

lL ^ was con 1 T i ™ f00nd f " rtl,er ««* when the tubercle bacil- 

ne Jive Tl i ° f ils « ei ^ast material, it became gnun- 

modified Gran, sJ 1 '- h °'"' e i ver ’ e,anned to have found, with the aid of a 

the tuberculosis a 111 ln C technic, a pathogenic granular nonacid-fast form of 

this organism wheJ ■* TT* ,1 ! t,ierto unknown. According to his findings 

short beaded' " S )y ids met ^°d, is found to consist either of a very 

all of which aSmcn . ec] rocl or isolated granules, or heaps of granules, 
all of winch are nonactd-fast and gram-positive. 

emnlovs twn & n ‘ S(,!r ' fles tIle Gram technic of Much, it will be seen that the latter 
fuctTn 3 nartf < " ,eh 38 are ” sed - -id-fast staining, viz., carbol- 

am e nLon t Cai n T thyl *** 1 part. Moreover, Much’s technic re- 
method^ a emll °° lda tanung up to forty-eight hours. In order to give the 

iodine solution Jfive minrUes" This is ^ T *° * 

„„! rl n . s - this is followed successivelv with 5 per cent 

toaiv wM, ! ,T "L 5 3 P " M "‘ Mrochloi-ic acid for ten seconds, and 

r;r alco,wl smd — **- r 

thin titnQo a „„T i ■ 61S t at arc cven more powerful in their action 

onlv3 ne? f Z” !!° classical Ziehl-Ncelsen acid-fast method, in which 
mn Ll hydrochloric acid in 70 per cent alcohol is employed. Conse- 

1 * * J’ ! y miCr00r8 ' aniSms staining the Much dyes after being treated with 
these deeolomers must be considered not merely alcohol-fast as required of 

? 1+ ., S1 ne .? 1> f aU1S ™® ac i f i-fast as well. Hence, this led me to conclude 
that the so-called modified Gram stain of Much is really an acid-fast staining 
technic, and that the Much granules are in reality acid-fast bodies. In order 
o o serve . le ac ion o Much s staining method on acid-fast tubercle bacilli, 
some expenmen a work was carried out in which this staining technic was 
analyzed into its separate procedures. 

. Experiment 1 . Purpose: To determine the action of the Much's modified Gram stain- 
ing technic on untreated acid-fast tubercle bacilli. Exposure time, forty-eight hours. The 
tubercle bacilli stained an intense purplish blue especially the granule's which stand out 
like cocci either in rows or in clusters. One could scarcely note any difference between 
these and Much's granules as found in the pus f rom coia abscesses . > 0 ne of the bacilli 
stained red, the purplish blue color predominated (Fig. 1). 


♦Received for publication, January 7, 1933. 
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Experiment 2. — Purpose: To determine the effect upon color retention of untreated 
tubercle bacilli stained with aniline gentian-violet as employed in the standard Gram stain, 
of the decolorizing agents employed in the Much staining technic. 

A. Tubercle bacilli were stained on slides at room temperature for one minute with 
aniline gentian-violet. Gram ’s iodine was applied for five minutes hot as in Much ’s technic. 
Decolorization with 5 per cent nitric acid for one minute, 3 per cent hydrochloric acid for 
ten seconds, acetone alcohol until color ceases to come off. 

liesults: Organisms were well stained. They retained their color after use of Mueli’s 
decolorizers. 

B. Tubercle bacilli were treated as under A, with one-minute exposure to cold Gram’s 
iodine solution. 

Result: Organisms were equally well stained as in A. 

C. Tubercle bacilli were treated as under A, but without iodine. 



b £, en, i of th , e beaded type which have been stained according to Much’s 
true ' "Much e granufes J " UCh S 8Tanllles ' ^ ot e intergranular bridges, one ot tlie requisites of 


Result: The organisms retained stain in spite of lack of application of iodine when the 
Much acid acetone alcohol decolorizing solutions were employed. 

Experiment 3 .— In this experiment the Much modified Gram stain was analyzed by 
staining untreated intact pulverized living tubercle bacilli with the separate components of 
this technic in order to ascertain whether all the steps of the Much technic tend to in- 
crease its efficiency in tinetorially demonstrating the tubercle bacillus. The results of the 
experiment are recorded in Table I. 


Comment on Experiment 3 : It will be seen in B of Table I that when 
the entire system of decolorizers employed in Much’s staining technic is em- 
P oyed, the intensity and the quality of red of the carbolfuclisin are greatly 
altered so that the tubercle bacilli are scarcely recognizable. On the other 
hand as seen in A of the table the methyl violet is hut little altered in these 
respects by the same decolorizers. 

From the above staining analysis, by the process of elimination it appears 
that the principle offender in causing alteration of the color quality and in 

Cd of the carbolfuchsm either to a pale lavender or entirely decolorized the 
horde bacillus of this stain whether iodine was used or not. The action of 
ne aeu on methyl violet, however, is not so marked. Hence, thelarbof- 
nearlvde P 5‘ W!l ““ Uy not1 ™" to the end-staining result since the nitric acid 
of Hie iXXXX a,,,,iiCl1 ! ° "" to the course 
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Moreover, it will be seen that the tubercle bacillus stains as well and bet- 
ter without, as with, iodine. When iodine was applied after the carbol methyl 
violet, the former produced an annoying granular precipitate which obscured 
the tubercle bacilli and simulated the granules of the latter. It causes a 
change in color quality and staining intensity of the carbolfuchsin. 

It is consequently evident that, in employing the Much staining technic 

Table I 


TUBEBCLE BACILLI STAINED WITH: 


A. CAPI30L METHYL VIOLET 

! B. CAP.BOLEUCIISIN 

DECOLOIUZER 

| WITn IODINE 

WITHOUT IODIXE 

■WITH IODIXE 

WITHOUT IODINE 

1. UNO,, HC1, 
Acetone 
alcohol 

Intensely stained 

Intensely stained 

Practically not 
stained 

Poorly stained. 
Nearly decolor- 
ized 

2. UNO,, 
Acetone 
alcohol 

Well stained 

More intensely 
stnined than with 
iodine 

Practically not. 
stained 

Practically not 
stained 



3. UNO., HC1 

Stain precipitated 
in small granules, 
obscuring tubercle 
bacilli 

No precipitate. 
Bacilli well 
stained 

Very poorly 
stained, a laven- 
der color 

Very poorly 
stained, a laven- 
der color 

4. HNO, 

So much granular 
precipitate as to 
obscure bacilli 

I 

| 

No precipitate. 
Bacilli well 
stained 

None bright red; 
some pink 

Not bright red. 
Lavender. Most 
organisms not 
stained or poorly 
so __ 

o. HC1, 

Acetone 

alcohol 

No precipitate. 

Not as intensely 
stained as (if 
above 

No precipitate. 
Bacilli well 
stained 

Practically not 
stained 

Well stained. 
Bright red 

6. ITC1 

Much granular 
precipitate ob- 
scuring bacilli 

No precipitate. 
Bacilli well 
stained 

Not distinctly 
stained 

Stained bright red 

7. Acetone 
alcohol 

No precipitate. 
Bacilli well 
stained 

Slight granular 
precipitate. 

Bacilli not ob- 
scured by pre- 
cipitate. Latter 
well stained 

None bright red. 
Poorly stained 

Well stained, red 

S. Acetone 

Granular pre- 
cipitate. Bacilli 
well stained 

No precipitate. 
Bacilli well 
stained 

Lavender tubercle 
bacilli. None 
red. Faintly 
stained 

Stained red 

9. Alcohol 

Much granular 
precipitate. 

Bacilli well 
stained 

No precipitate. 
Bacilli well 
stained 

No stained 
tubercle bacilli 
at all 

Well stained, red 


we are not dealing even with a modified Gram stain but with an acid-fast stain 
for the following reasons : 

a. The component dyes of the Much stain are typical acid-fast stains. 

b. The Gram’s iodine adds notliing to the value of the Much staining tech- 
nic since typical tubercle bacilli will stain as well without iodine as with it, 
in fact, somewhat better without it (see Table I). 

c. Tubercle bacilli stained with Much’s stain will retain the lattei 
(whether treated with iodine or not) not only after decolonization with alco- 
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hoi, as is to be expected of a gram-positive organism, but also after decoloni- 
zation with nitric and hydrochloric acids, and acetone alcohol. Hence the 
stain is an alcohol acid-fast stain and not a Gram stain. 

d. In these experiments the tubercle bacillus has been used to determine 
the acid-fast property of the Much stain, since this organism is generally con- 
sidered the most acid-fast one of that group. If, then, it he correct, as as- 
serted by Much, that the so-called Much “granules are nonacid-fast gram- 
positive bodies representing an atypical form of the tuberculosis virus, he 
should have employed a method of staining other than that devised by him, 
since his is an acid-fast stain and the bodies stained therewith are, conse- 
quently, acid-fast “granules” (they are not always granules, but frequently 
show connecting intergranular bridges or bacillary structure), resembling, in 
reality, the granular forms of the typical tubercle bacillus. 3 

Experiment 4 .— The purpose of this experiment was to ascertain whether the method of 
concentrating tubercle bacilli affects unfavorably the staining of these organisms by the 
Much technic. In this method of concentrating tubercle bacilli (and “Much granules”) from 
sputum and pus from cold abscesses, strong alkalis (0.6 per cent sodium carbonate and anti- 
fonnin which contains sodium hydroxide) are applied for forty-eight hours in order to 
liquefy the tenacious sputum. The organisms so liberated are then concentrated by centrifngal- 
ization and applied in the alkaline sediment to slides, dried and stained. 

With this in view pulverized intact acid-fast tubercle bacilli were treated with the above 
concentrating solutions, centrifuged after forty-eight hours and half of them applied to 
slides without being washed free from alkalis; the other half was repeatedly washed in dis- 
stilled water until neutral to litmus and then applied to slides and dried. The unwashed 
bacilli were then stained as follows: 

1. With Much’s earbolfuchsin and carbol methyl violet for forty-eight hours, hot Gram’s 
iodine live minutes, decolorized with nitric acid, hydrochloric acid, acetone alcohol. 

Results : The tubercle bacilli were stained indistinctly a slate blue color. 

2. With earbolfuchsin forty-eight hours, hot Gram's iodine five minutes, decolorized 
with nitric acid, hydrochloric acid, acetone alcohol. 

Result: Tubercle bacilli were stained, but not distinctly, a pale lavender instead of a 
bright red. 

3. With cold carbol methyl violet forty-eight hours, hot Gram 's iodine five minutes 
decolorized with nitric and hydrochloric acids and acetone alcohol. 

Result: Tubercle bacilli stained a dark gray-blue, with the granules well stained the 
intergranular substance often was not stained; if stained at all, the latter took the dye 
faintly as a rule. These tubercle bacilli appear very much like the typical Much “granules.” 

With earbolfuchsin, hot, five minutes; decolorized with acid-alcohol, counterstained with 
methylene blue. 

Result: The tubercle bacilli were stained more distinctly than under (2) but not 
brilliant red. * ' 


Comment: Prom the first part of Experiment 4 it mill be seen that the 
alkalis employed to concentrate the tubercle bacilli in sputum or pus from cold 
abscesses, previous to the application of the Much “granule” staining tech- 
nic, are distinctly detrimental to the staining of tubercle bacilli with Much’s 
earbolfuchsin and carbol gentian violet both as to intensity and color qualitv 
ihe tubercle bacilli treated with these alkalis do not stain tvpicallv brmkt 

Sr — l r 0niy carbo1 ^ ^ 

alkalis, colors the tubercle bacillus with moderate intensity 
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The washed bacilli were stained as follows: 

1. With hot earbolfucbsin five minutes (as in 4 above), hot iodine solution live minutes 
and Ziehl-Neelsen acid alcohol dceolorizcr. 

Result : The tubercle bacilli were stained reddish, but not a bright red. 

2. With the same as in (1) without the iodine. 

Result: These tubercle bacilli stained a brilliant red. 

Comment: Tlie second part of Experiment 4 demonstrates the following : 

a. That if the alkalis used in concentrating tubercle bacilli are removed 
by washing from the material to be stained, they will not interfere with the 
staining property of the carbolfuclisin of the Ziehl-Neelsen stain, but if not 
properly removed they may render the organisms unrecognizable or difficult 
to find due to poor staining. This may account for some of the failures to 
detect tubercle bacilli when the concentration method is employed. This method 
would not, however, interfere seriously with the discovery of the organisms if 
stained with the intensely blue staining carbol methyl violet of the Much 
method. This may consequently account for the greater efficiency of the Much 
staining method in detecting rare tubercle bacilli after application of the 
above alkaline concentration method. 

b. The addition of iodine in the Much technic alters to a considerable 
extent the bright red color of the earbolfucbsin hut not greatly the color quahtj 
of the carbol methyl violet. 

Experiment 6 . — xY freshly isolated culture of virulent streptococci was stained according 
to Much’s technic in order to ascertain the effect of this stain upon a typical Gram positive 
nonaeid-fast organism. 

Result: Streptococci were completely decolorized by the acid acetone alcohol dceolorizcr-' 
of the Mucli technic. Only occasional faint outlines of organisms were visible. 

Comment : The Much stain is not a Gram stain but acts ns an acid-fast 
stain when applied to known gram-positive organisms. 

DISCUSSION 

Muck 2 maintained that he had discovered a new form of nonacid-fast tuber- 
culosis virus which he claims to have demonstrated by a staining technic 
devised by him and designated a modified Gram stain. This virus so stained 
appeared either as purple isolated granules or as heaps of granules, or as 
beaded, bandlike structures. Unless these granules were connected by a fahk 
bluish or reddish hand, it was said, they should not be considered to be tme 
Much granules. 3 This claim of Muck to the discovery of an atypical tuber- 
culosis virus has been supported by some and called into question by many, s° 
that B. Mollers 1 in the Handbucli der pathogen an Mikroorganismen states re- 
cently that the question is still unsettled. Much, however, in his autobiography 
recently states that his discovery of the virus now is an established fact o 
science. Although this assertion may well be questioned, the time nature o 
the “granules” has not been gone into in this paper. In the work here pre- 
sented merely the staining method of Much has been called into question. 

First, it is claimed by Much that his staining method is a modified Gram 
staining technic. The work recorded in this article has shown that this claim 
of Much is incorrect. That first of all his staining technic is not a modified 
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Gram stain; and second, that it is an acid-fast and not a nonacid-fast stain. 
In order to prove the former of these contentions gram-positive organisms 
were employed. These were shown by Much’s method to lose their origma 
stains (carbol genitan violet and carbolfuehsin) upon application of his de- 
colorizes following application of hot Gram’s iodine solution. According to 
Much’s method then, these gram-positive organisms would have to be con- 
sidered gram-negative. This would prove incompatible with our conceptions 
of a Gram stain. The evident reason for the decolorization of these gram- 
positive organisms is the presence in the Much decolorizers of two acids, besides 
alcohol and acetone. For a microorganism to be considered gram-positi\ e it 
must resist alcohol decolorization after application of iodine solution. If a 
microorganism resists decolorization with acid, even though iodine solution 
has been applied, it is an acid-fast organism. Such is the case with the Much 
technic. It is an acid-fast technic and merely the inclusion by it of Gram’s 
iodine solution which adds nothing to its efficacy does not make it a Gram 
stain. In order further to prove this assertion acid-fast tubercle bacilli were 
stained with the Much technic and they retained the Much stain after the ap- 
plication of HC1 and HNO, decolorizers. 

Moreover, it was seen in a previous article 1 that the tubercle bacillus in 
its acid-fast pathogenic state has no true Gram property, because it requires 
no iodine to enable it to retain its original stain and is not only alcohol but also 
acid-fast. That, consequently, its acid-fast property precluded the possibility 
of its possessing genuine gram-positivity. Hence tbe retention on part of the 
tubercle bacillus of tbe Much stain indicated not gram-positivity but acid- 
fastness. 

Thus it will be seen from tbe experiments in this paper that the Much 
stain is not a Gram stain, but is actually a powerful acid-fast stain (carbol- 
fuelisin and earbol methyl violet) that is applied over a prolonged period of 
time (forty-eight hours), the decolorizers are two strong mineral acids (HG1 
and HNOj), followed by acetone and alcohol. The iodine was found in the 
above experiments to be not only unnecessary but detrimental in the retention 
of the original stain. It was. moreover, found that when the Much staining 
technic was applied to a pure culture of living headed acid-fast tubercle 
bacilli on slides, the latter presented the characteristics of Much “granules” 
(see Fig. 1). Consequently, it appears from this work that the bodies called 
ilhch granules are really aeid-fast entities, and not nonacid-fast gram-positive 
bodies as claimed. No other known nonacid-fast organisms will remain gram- 
positive in the face of acid alcohol as was seen in Experiment 6. 

Why. when stained with Much’s carbolfuehsin carbol gentian-violet stain, 
do the Much bodies appear deep purplish blue and not reddish? This occurs* 
as seen in this work, for the following reasons: 


1. The gentian-violet obscures the fuchsin due to its darker coloration. 

2. The alkali of the method of concentrating tubercle bacilli in sputum 
am pus interferes with the bright red of the fuchsin, not only of the 3Iueh 
uc hud. but also of tbe Ziehl-N'eelsen method. This probablr accounts for 

* M ”!' !•»'•« »»re frequently been demoitatca ,nl 

u 'stele bacilli i vl th tlic Zichl-Xeelsen stain in pus from cold abscesses. 
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shnrip mtnC acid changcs thc color quality of the fuchsin to a lavender 
shade but lias no apparent effect on the methyl violet. 

n iJ!\ rf er t0 . dCm ° nStl ' ate that the «o-cnlled Much ‘'granules” are actuallv 
a ubereulosrs virus apart from the standard tubercle bacillus, it will be nece.; 
sai for Much or thc other advocates of this staining method to emplov other 
‘ " I lf «*'* t0 demonstrate nonacid-fast bodies. As to what the 

a r ,rC ') “granules” may he was not a part of the above work 

ZZ T m ’ n f T S " rently reseml,Ie "Tanular tubercle bacilli or frag- 
ments thereof (see Fig. 1). 

CONCLUSIONS 

1. Ihe Much staining technic is not a true or a modified Gram stain be- 

p U 1 °' ,s ac 'd decolorizcrs instead of only alcohol as for the classical 

Gram stain. 

, , 2 ' Xt LS an nc ' d ' fast stain because in it carbol dyes and acid alcohol de- 
l -exs ai e emp cn ed. 'When the most important pathogenic acid-fast micro- 
^anism, ie tu ercle bacillus, is stained according to Much's technic, the 

, - r , r . 1S S 10 ". n be a rong acid-fast stain for this organism whose visi- 
i y is superior to that of tubercle bacilli stained with the Ziehl-Neelsen. 

j .jf’ ^ ,d< ’ ^ ucb sta * u IS applied to the granular form of the tubercle 
-, r , , S ’ e a * ei lesein bles. in fact is. indistinguishable morphologically from 

vrhltl* fTT ( Tllis Avorlc l ias not. however, endeavored to determine 
whether the Much “granules” are really tubercle bacilli or not. 

f eianulai bodies that are found in certain sputa and in pus 

form nf°t h ] SCe * s ? s b - r tlie Jr »ch staining method are actually a different 
, , . U eieu 0S1S Airus > onc that is nonacid-fast and gram-positive, then this 
echmc cannot be employed to demonstrate such a virus since it is an acid- 
last staining procedure. 
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AN EVALUATION OF THREE METHODS FOR THE DEMONSTRATION 
OF TUBERCLE BACILLI FOR USE IN HOSPITAL ROUTINE 0 


A Special Study of Several Simple Culture Mediums 


Nell Hirschberg, M.A., Chicago, III. 


TN RECENT years the efficacy of the culture method for the isolation and 
1 identification of the tubercle bacillus from various types of tubeieulous ma- 
terial has received considerable notice in the literature. Corper and TJyei 1 ’ 2 
have reviewed the work of previous authors and published reports comparing 
the guinea pig inoculation method with the culture method. The question of 
the superiority of either method is still under discussion. Recent authors, Herr- 
mann, Hansmann, and DeCapito, 3 ' 4 report superior results with guinea pig 
injections. At the same time, Norton, Thomas, and Broom-' advocate the use 
of the culture method on the grounds of economy as well as efficiency. 

The guinea pig inoculation method has been criticized because many guinea 
pigs contract tuberculosis spontaneously or have internal lesions which re- 
semble those caused by the tubercle bacillus. Howell and Schultz 0 report an 
epizootic among guinea pigs due to a paratyphoid B bacillus which caused lesions 
closely resembling tubercles in the spleen and liver. Magath and Feldman 7 in a 
recent complete review of the subject conclude that with reasonable care spon- 
taneous tuberculous infection of guinea pigs can be avoided. Cummings 3 has 
reported the incidence of spontaneous tuberculous infection in laboratory animals 
in Saranac, a tuberculosis center. 


In the present study an attempt has been made to compare direct smear, 
guinea pig inoculation and culture methods for the demonstration of the tubercle 
bacillus in the routine specimens received in the laboratory of a large hospital. 
This study differs from many previous ones in that no attempt was made to 
obtain material from clinically tuberculous patients. In hospital laboratories, the 
bacteriologist is more often concerned with ruling out a possible tuberculous 
infection rather than confirming a clinical diagnosis of tuberculosis. In many 
instances the diagnosis may be obscure or deferred until laboratory reports are 
complete. Therefore, the time element is important and must enter into a study 
of methods for the demonstration of the tubercle bacillus. As Feldman and 
Magath report, 9 animal inoculation remains the most satisfactory- method for 
determining the virulence of an isolated acid-fast organism. However, if the 
condition of the patient indicates to the clinician the pathogenicity of the “un- 
known’ causative organism, a quick laboratory report of an acid-fast bacillus of 
tubercle bacillus morphology and growth is of more value than a belated 
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report of a virulence test. In this respect the culture method supplements 
identification of the tubercle bacillus b 3 r direct smear. 

In some instances even a prolonged search fails to demonstrate tubercle 
bacilli in certain specimens. In that case, other methods of demonstration must 
supplement direct smears. Pottenger 10 ’ 11 states that a seai'ch for five minutes 
yields 80 per cent of positive diagnoses obtainable in a fifteen-minute search; 
and that with careful work a longer search than fifteen minutes is not justified 
bj r the additional results. Von Hutli and Lieberthal 12 state that smears were 
negative and cultures positive for the tubercle bacillus on 50 of 200 urines from 
tuberculous kidneys. They claim absolute reliability for the culture method. 
Corper, 13 realizing the difficulty of the quick demonstration of tubercle bacilli 
by direct smear when only small numbers of the bacilli are present in a specimen, 
has recently devised a tissue substrate culture method to supplement identifica- 
tion of the organism by direct smear. 

Table I 


The Demonstration or Tubercle Bacilli by Direct Smear, Guinea Pig Inoculation and 

Culture Methods 


CLINICAL 

DIAGNOSIS 

MATERIAL 

number of 

SPECIMENS 

DIRECT 

SMEAR 

GUINEA PIG 

INOC. 

CULTURE 

Positive 

Urine 

i 

+ 

+ 

+ 


Tissue 

3 

X 

+ 

+ 


Pus 

1 

+ 

x 

+ 


Urine 

3 

_ 

_ 

+ 


Pus 

o 

- 

— 

+ 


Urine 

2 

X 

_ 

— 


Spinal fluid 

1 

— 

— 

- 


Pus 

1 

- 

X 

+ 


No. Positive 


7 

6 

n 

Negative 

Urine 

S 

- 

- 

- 


Pus 

3 

- 

- 

— 


Fluid exudate 

1 

- 

_ 

- 


Stools 

2 

- 

- 



No. Positive 


0 

0 

0 

Unknown 

Stools 

3 

— 

- 

- 


Fluid exudate 

10 

— 

- 

— 


Tissue 

1 

— 

- 

- 


Spinal fluid 

3 

- 

- 

- 


Sputum 

3 

- 

- 

- 


Pus 

S 

— 

- 

— 


Fluid exudate 

1 

- 

4- 

- 


Urine 

1 

- 

- 

+ 


Fluid exudate 

1 

- 

- 

+ 


Tissue 

1 


+ 



Spinal fluid 

o 

- 

+ 

+ 


Urine 

1 

- 

+ 

+ 


No. Positive 


0 

0 

6 


In the present study 69 specimens (Table I) were examined by direct 
smear, guinea pig inoculation and culture methods. Table I outlines these 
cases according to the clinical diagnoses. Direct smears were examined for 
thirty minutes. Fourteen specimens were obtained from clinically tuberculous 
patients. Of these, 5 specimens were positive by all three methods. In 2 cases, 
smears were positive and the results were not confirmed by either cultures 
or guinea pig injections; when examined after two months both cultures and 
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guinea pigs showed bo evidence of tubercle bacilli. In 5 cases, demonstration 
of the tubercle bacillus was accomplished when both smears and guinea pig 
inoculations gave negative results. In one case, all three methods ga\ e negati\ c 
results, and in another case both guinea pig inoculations and culture methods 
yielded a positive result when direct smears had been negative. Of these speci- 
mens from clinically known tuberculosis cases, 7 were proved positive by direct 
smear, G by guinea pig inoculation and 11 by culture methods. 

Fourteen specimens were obtained from clinical cases not diagnosed as 
tuberculosis. In addition to the negative clinical diagnosis, routine cultures 
showed the presence of other organisms. The 14 specimens were negative for 
tubercle bacilli when examined by all three methods. 

Forty-one specimens were sent to the laboratory with no clinical diagnoses 
on the records. In four instances guinea pig inoculations and cultures gave a 
positive result although the direct smears were negative. In two other cases, the 
guinea pig injections and dii’eet smears were negative, hut tubercle bacilli were 
isolated by cultures. In one instance the guinea pig inoculation alone showed 
a positive result. In this series a total of 5 specimens gave positive results by 
guinea pig inoculation, 6 by culture and none by direct smear. Thirty-four 
specimens were negative for tubercle bacilli when tested by all three methods. 

Table II summarizes these results. From these figures the inadequacy of 
direct smears for the demonstration of tubercle bacilli and the superiority of 
culture methods to the guinea pig inoculation method is obvious. 

Many types of culture mediums for the cultivation of the tubercle bacillus 
have been devised. Most of them have a base of eggs or potatoes and are rein- 
forced with glycerol. Corper and Uyei 14 ’ 15 have reported excellent results with 
crystal violet potato cylinder medium. The efficiency of the egg mediums of 
Miraglia , 16 Holm, 1 " Lubenau , 18, 10 Dorset , 20 Sweany and Evanoff , 21 and more 
recently Herrold , 22 Feldman , 23 Woolley and Petrik , 21 has also been favorably 


Table II 


Comparison or Direct Smear, Guinea Pig Inoculation and Culture Methods for the 
Positive Demonstration or the Tubercle Bacillus in Clinically Positive, 
Negative and Questionable Material 


method or demonstration 

NUMBER OP 
j SPECIMENS 

NUMBER Or 
POSITIVE SPECI- 
MENS 

PERCENTAGE Or 
POSITIVE RE- 
SULTS 

Culture 

Direct smear 


■■9 ' 

24.6 

10.1 

15.9 

Guinea pig inoculation 




reported in the literature. Koch’s 23 original scrum medium has given way to 
s.'ntietic mediums such as Long’s . 20 ' 27 A simple medium with asparagin as a 
source of nitrogen has been devised by Lowenstein . 28 - 23 - 30 The asparagin is 
fo t v meat extracts which, he says, will not inhibit the growth of the 

tho mi 0 11 5S doubtful whether the ideal medium for the cultivation of 

,Ue ’wberclc bacillus has yet been devised. 

mimho ! . r !? UnC 1 - abOVnt01y proccdure H is obviously impossible to employ a large 
1,1 10 rte most satisfactory ones, caItttA 

on set ct al well-known mediums usin- Corpcr’s, Holm’s and Miraglia ’5 
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as controls. One specimen with a positive direct smear showed growth of 
tubercle bacilli in seven days on both Holm's and Miraglia’s mediums, but 
seventy-five days were required for growth to appear on Lubenau’s egg medium. 
Four specimens were cultivated on Ilerrold’s egg yolk agar. No growth was 
obtained on this medium or on the controls. Known cultures of tubercle bacilli 
grew very poorly when transferred onto Hcrrold 's medium. In spite of careful 
precautions, tubes of Herrold’s medium dried out curly in the long period of 
incubation necessary for the growth of tubercle bacilli. This medium also 
showed a high percentage of contaminated cultures. These experiences sub- 
stantiate the statement of Magath and Feldman 5 that Herrold’s reports are not 
complete. Woolsey, 31 however, has found Herrold’s medium an excellent means 
of demonstrating tubercle bacilli. 

Woolley and Petrik’s egg medium is rather complicated to prepare, but sup- 
ports excellent growth and, therefore, may be used for stock cultures of tubercle 
bacilli. Of 36 specimens cultured on this medium and on the controls, two were 
positive on the controls and one on Woolley and Petrik's medium after twenty- 
five days. Nineteen of these same specimens were cultivated on 5 per cent 
glycerol agar, long a standard medium. The same specimens which showed 
growth of tubercle bacilli in twenty-five days on Woolley and Petrik’s medium 
became positive in fifty days on the glycerol agar. Glycerol agar may be used for 
stock cultures of tubercle bacilli, but it dries out rapidly and often becomes 
contaminated. 

Thirty-one specimens were cultured on Lowenstein’s medium. Three of 
these specimens were positive on the controls, none on Lowenstein’s medium. 
Eight blood samples were included on this series. Five of them were from 
patients with acute arthritis or rheumatic fever, one of them from a case of 
typhoid, and two from tuberculous patients. All eight specimens gave negative 
results on the controls as well as on Lowenstein’s medium. This is contrary to 
Reitter and Lowenstein’s 33 report that a high percentage of positive growth of 
tubercle bacilli is obtained when blood specimens from arthritic, rheumatic and 
tuberculous patients are cultured by Lowenstein’s method on his medium. Al- 
though Abt 33 claims reliability for Lowenstein’s method, Cummings 34 reports 
negative blood cultures on both Holm ’s and Lowenstein ’s mediums. Weatherall 3 '' 
was unable to substantiate Lowenstein’s work. Wallgren 30 states the necessity 
for specialized technic if positive blood cultures are to be obtained. Additional 
study of Lowenstein’s medium in the present investigation proved that it sup- 
ported only scanty growth of tubercle bacilli even when inoculated with large 
amounts of stock cultures. 

For standard work, therefore, these various mediums were rejected m 
favor of Corper’s, Holm’s and Miraglia’s mediums. These do not require elab- 
orate preparation and prove to be efficient. 

MEDIUMS 

Holm’s medium was made according to standard methods . 17 

Corper’s medium was made according to his standard method . 11 

The preparation of Miraglia’s medium is described here because tins method differs 
in its extreme simplicity from standard methods described elsewhere. 
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Min, glia’s medium originally consisted of seven egg yolks in 100 e.c. of a 5 per cent 
glycerol beef broth. More recently, in accordance with the work of Feldman, ca a 0 per cent 
glycerol water solution has been substituted for the broth. However, no change in results has 
been noticed. 

The eggs arc sterilized by immersing in 00 per cent alcohol for ten minutes. Sterilize 
the hands, break the eggs quickly, separate the whites from the yolks, and drop the yolks into 
a large sterile flask with a wide mouth. If the flask is sufficiently laTge, the egg yolks will 
break as they hit the bottom and thus eliminate stirring, an obvious clement in contamination. 
Previously sterilized and measured broth is then added, the mixture well shaken, tubed under 
sterile conditions and coagulated in an Arnold or oven at 90° C. Medium made by this 
simple method has always been found to be sterile. 

PROCEDURE 

All specimens except stools, sputums, and tissues were cultured and if sterile were in- 
oculated without further treatment onto tubercle bacillus mediums. Contaminated specimens 
must be treated with some reagent. The more common ones in use are 5 per cent oxalic 
acid, 6 per cent sulphuric acid, 15 per cent sulphuric acid, 3 per cent sodium hydroxide, 3 per 
cent hydrochloric acid, 3 per cent acetic acid, or antiformin. In the present study one-half 
of the specimens were treated with 6 per cent sulphuric acid and the other half with 5 per cent 


Table III 


A Comparison or Corpep.’s, Hohn's and Miraglia’s Mediums pop. the Isolation or the 

Tubercle Bacillus 


diagnosis 

material 

NUMBER OF 
SPECIMENS 

CORPER ’S 
MEDIUM 

HOHN'S 

MEDIUM 

MIRA GUI A ; S 
MEDIUM 

Positive 

Tissue 

i 


4. 

-f 


Urine 

4 





Urine 

1 

-f 




Pus 

1 


_ 

_ 


Pus 

1 

-t- 

4. 



Urine 

1 



-1- 


Pus 

1 



4- 

4- 


Tissue 

1 

_ 

+ 

4. 


Urine 

1 

__ 




Sputum 

1 



... 



Blood 

2 





Spinal fluid 

1 



, 


Tissue 

1 





Pus 

1 



| 1 


Tissue 

1 

- 

-r 

— 

tfo. Positive 


8 1 

10 

11 

Negative 

Urine 

Sputum 

7 1 

1 

- 

- 

- 


Blood 

Spinal fluid 

0 

1 

- 

1 

- 


Pus 

Stools 

1 

3 

: 

1 

~ 



■■■■ 

0 


0 

UriKnofvn 

I Stools 

Pus 

Spinal fluid 

o 

9 

o 

- 

- 

- 


Fluid exudate 
Sputum 

15 

o 

- 

- 

- 


Urine 

Pus 

32 

1 

- 

- 

- 


Fluid exudate 
Urine 

Urine 

Urine 

L'o. Positive 

i 

i 

i 

i 

-r 

n 

4- 

1 3 

4- 

3 
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oxalic acid. Both reagents appeared to give equally efficient results. Fifteen per cent 
sulphuric acid was used to kill the contaminating organisms in stools. 

Stools, sputums, tissues, and contaminated materials were treated with equal parts of 
the reagent for one-half hour at 37° C. Solid specimens were ground in a mortar with the 
reagent. The treated material was then eentrifugalized for one-half hour, washed with 
sterile physiologic saline solution, rccentrifugalized and tho sediment inoculated onto the 
mediums with a pipette. Blood specimens were treated according to Lowenstein's method 
before inoculation. Four or five drops of sediment were smeared over the surface of each 
tube of medium and at least four tubes of each medium were inoculated for each specimen. 
The tubes were sealed by pipetting approximately 2 c.c. of melted paraffin on each plug; 
the tubes were capped with tinfoil. All cultures were incubated in covered tin cans for four 
months at 37° C. in an incubator before being discarded. Smears were made periodically and 
again just before the cultures were discarded. 

Table III summarizes the results obtained using Corper’s, Holm s, and 
Miraglia’s mediums. Nineteen specimens were received from patients with 
clinical diagnosis of tuberculosis. Fifteen specimens yielded positive growth 
on at least one medium. Five were positive on all three mediums; four were 
negative on all three. Two of these four negative specimens did not produce 
tuberculosis when injected into the guinea pigs. Two were blood specimens 
which were not inoculated into guinea pigs. Three specimens were positive on 
Miraglia’s alone, two on Corper's alone, and one on Holm's alone. One specimen 
gave a positive growth on both Holm’s and Corper’s mediums and three were 
positive on both Holm’s and Miraglia’s. In this series a total of eight speci- 
mens gave positive growth on Corper’s medium, ten on Holm’s medium, and 
eleven on Miraglia’s medium. 

Fifteen specimens from patients with a clinical diagnosis other than tuber- 
culosis gave no growth of tubercle bacilli on the three mediums. 

Sixty-seven specimens were received with clinical diagnoses unknown. Of 
these, 62 were negative. One specimen gave positive results on all three 
mediums, one each on each of the three mediums, one each on each of the three 
mediums alone, and one, on Holm’s and Miraglia’s only. 

These results would lead to the conclusion that Corper’s medium is less 
favorable to the growth of the tubercle bacillus than are the other two mediums. 
Corper’s medium, however, showed contaminations in only 5.2 per cent of tubes 
inoculated, Holm’s in 13.6 per cent, and Miraglia’s in 19.4 per cent. 

For further comparison of mediums a second series of 6S specimens were 
cultivated on Corper’s medium and on Miraglia’s medium. Table IV sum- 
marizes the results obtained in this study. 

Five specimens were from tuberculous patients. Tubercle bacilli from one 
of these grew on both Corper’s and Miraglia’s mediums. One was positive on 
Miraglia’s alone; 3 were negative on both mediums. Of the total 5, one w T as posi- 
tive on Corper’s and 2 on Miraglia’s medium. 

Six specimens tested were obtained from patients with a clinical diagnosis 
other than tuberculosis. All 6 specimens were negative for tubercle bacilli when 
cultured on both mediums. 

Fifty-seven specimens were received with diagnoses deferred or unknown. 
Fifty-four were negative when cultivated on both mediums. One was positive 
on Miraglia’s alone, and 2 were positive on both Miraglia’s and Corper s 
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Table IV 


A Comparison or Cop.per’s and Miraglia’s Mediums top. the Isolation or the Tubercle 

Bacillus 


DIAGNOSIS 

MATERIAL 

NUMBER. OP 
SPECIMENS 

CORPER 'S 
MEDIUM 

MIRAGLIA ’S 
MEDIUM 

Positive 


i 

x 

-L 



i 

— 

X 



i 

_ 

_ 



2 

- 

- 


No. Positive 


i 

2 

Negative 

Tissue 

1 

_ 



Blood 

3 

_ 



Pus 

1 

_ 



Fluid exudate 

1 

- 

- 


No. Positive 


0 

0 

Unknomi 

Fluid exudate 

S 




Blood 

o 





Tissue 

i 





Stools 

6 





Spinal fluid 

1 




Sputum 

4 




Urine 

30 

__ 



Pus 

2 




Urine 

i 


X 


Spinal fluid 

i 

+ 

X 


Spinal fluid 

i 


X 


No. Positive 


2 

3 


me iums. A total of 2 were positive on Corper’s and 3 on Miraglia’s medium. 
n ” s series tlie percentage of contaminated cultures was approximately 5 per 
cent tor Corper’s and 10 per cent for Miraglia’s medium. 

tlvm n° m th f e rcsults is apparent that the egg mediums are more sensitive 
Tom ° rPCr S - mecllUm :Eor tlie isolation of tubercle bacilli. However, since 
MirTv S > medlUm becomes contaminated much less often than Hohn’s or 
Sia s, !t should be included as a control medium in routine cultures. 

demonstr-itini >Cei f ®™P basized ’ the time element is important in the laboratory 
inieotin ' ° f UbClC C baciUl - Positive results were obtained by guinea pie 

days cZZZfoJ 1 T ty ' 0ne dayS .’ but the period was sLxty 

seven days- the medu ™ s " eie 1 mte often macroscopieaUy positive in 

a?c nurnber days which positive cultures were ob- 


Table v 


method 


Positive r'u neU inoculations 
Positive fn»“ rCS 011 ^ or P«'s mcflitim 
Positive !l turos 011 Holm’s medium 
on Miraslia’s modi... 


MINIMUM NUMBER OF 
DATS FOP. GROWTH 
TO APPEAR 


21 

o- 


AVERAGE number of 
DATS IN WHICH 
GROWTH APPEARED 


00 

3S.5 

27.7 

30.7 


aiWMb”* 1 ,. 5 Tl ram ' v " s 2777 days ™<> c »> Miraglias 30.7 davs This 
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SUMMARY and CONCLUSIONS 

A comparison of direct smear, guinea pig inoculation and culture methods 
for the demonstration of tubercle bacilli in various types of specimens indicated 
culture methods to give a greater percentage of positive results more quickly than 
either of the other two methods. 

A study of various mediums for the isolation of the tubercle bacillus proved 
the three simple mediums, Corper’s, Holm’s and Miraglia’s, to be suitable for 
routine diagnostic cultures. Holm’s and Miraglia’s mediums gave larger num- 
bers of positive results in less time than did Corper’s medium. Either of these 
two mediums may be used with equal efficiency. Corper’s medium, however, is 
sufficiently sensitive and becomes contaminated less often than the egg mediums 
and, therefore, should be included in routine culture methods. 
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MODIFIED TECHNIC FOR MAKING WRIGHT’S BLOOD STAIN' 


Z. Bercoyitz, M.D., Ph.D., Pyengyang, Ciiosen (Korea) 


THE object of this note is to suggest a slight modification in the technic 
* for making the usual Wright’s stain of a blood film. The apparatus re- 
quires two staining jars with covers. The reagents are pure methyl alcohol 
and Wright’s stainf diluted up to 30 per cent with distilled water. 

One staining jar is filled with pure methyl alcohol. The second contains 
the 30 per cent solution of Wright’s stain. The blood film is made and dried 
in the usual manner. It is then immersed in methyl alcohol for at least five 
minutes. The slide is then placed in the stain for from two or three minutes 
up, depending upon the intensity of the stain desired. The slide is then 
washed as usual. 

Using this technic there is no precipitation on the slide. It has been 
found that this method is economical. The stain can be used repeatedly in- 
stead of only once as in the usual technic. When the fluid level of the reagents 
becomes low more is added until there is enough to cover the slide. It is not 
necessary to discard any of the stain. Even though the solutions are used 
for several months staining takes place with good results. Even though the 
slide is in the methyl alcohol for an hour or more, there is no change in the 
staining properties of the cells. 


•From the Pyongyang Union Christian Hospital. 

Received for publication, January 11, 1S33, 

-tThe Wright's stain used in this study was prepared by dissolving one tabloid 
roughs Welcome Co.) in 10 c.c. pure methyl alcohol. 
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DIPHTHERIA: A Differential Culture Medium for B. diphtheriae and B. pseudodyph- 

theriae (Hn Nuovo Metodo Culturale per la Diffcrcnzaziono Del Bacillo Difterico Dai 

Bacilli Pseudodifterico) , Bruschettlni, G. Diagn. E. Teelin. <li Lab. 4: 212, 1933. 

Oa this medium the diphtheria bacillus, fermenting glucose, produces a greenish color; 
in the absence of glucose-fermcnters the medium shows a yellowish tinge. Because of its lack 
of specificity, the method is not reliable for direct isolation. 

Preparation of Medium . — 

1. Immerse a fresh egg in 1:1000 bichloride of mercury solution for 1 hour. 

2. Place the egg “in alcohol” (per cent not stated) for 2 hours, 

3. Dip one end of the egg in ether which is then bunted off in the flame. 

4. With a sterile pipette puncture the shell and transfer the contents to a sterile, glass- 
stoppered bottle (150 c.c.). 

o. Add an equal volume of sterile “ creamless’’ (skimmed?) milk and shake vigorously 
for ten minutes. 

fi- To GO c.c. of this mixture add the following with sterile precautions. 


Beef serum, sterile 60 c.c. 

Glycerin 5 c.c. 

2% sterile solution of glucose 5 c.c. 

2% sterile solution malachite green 5 c.c. 


7. Mix by shaking five minutes, place in sterile tubes, slant, and coagulate in an 
■nspissator. 


VACCINES: Comparison of Relative Values of the Intracutaneous Skin Test and of the 
Pathogen-Selective Culture in Selecting Bacteria for Vaccines Prom Mixed Cultures 
Solis-Cohen, M. Am. J. Clin. Path. 3: 305, 1933. 

inipetim. Cr % IS T>ra< ; t ’ cali - y 110 difference between the reactions produced by intracutaneous 

and tl ,Z ° f " rgamsm * that are ablc t0 grow in the patient's fresh, whole, eoagulable blood 
reactions produced by organisms that are killed by his blood. 

of the hZt S ° CmS *° “° corrcs P on,lence between absence of bactericidal power in the blood 

the intr.icu t r DSt . organ,sm and production in that host of a positive reaction by 

exogenous* ImTon'w" ^ D ° . rclationslli P between hypersensitiveness in the host to the 
for that host. d °'’ Cn ° US ns ° f a 8,vcn organism ani1 the pathogenicity of such organism 

•-ctei ^ “ miXed culture ' tha 

Preparation of C ’vaccines. ,aT,C ° U ' a tC9tS prol * bly unreliable selecting bacteria in the 

^^?cRto t S: B STSS Wl ' BIU8 EeaCti ° n 111 TreSWy Dla ^ Br ^ C ‘ B. Am. 

tW I’STcXv\ C mwTmfll™ al Ph - VSi ° ,0giC faCt ° rS tUat iir ° rcs r>onsiVric for a variation in 
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positive reactions. The work of Hucker, et al., was confirmed, indicating that a negative 
brom-tliymol-blue reaction does not assure freedom from mastitis. 

The brom-thymol-blnc reaction is of value as an aid in determining the relative disease 
or freedom from mastitis of a herd. If a large number of positive reactions are obtained it 
is a good indication that something is wrong in the herd but the individual cases cannot be 
detected. 

PHOTOGRAPHY: The Invisible Photographic Screen, Harding, P. R. J. Biol. Photo. 

Assn. 1: 203, 1933. 

At the Children’s Hospital has been developed what might be termed the “invisible 
screen,” because the patient never sees it. It consists of a piece of thin celluloid the same 
size as the negative that is to be used. This sheet of celluloid is scored with cross-hatched 
lines one-quarter inch apart. The scoring is done with a scribing tool or the point of a knife. 
Care must be taken not to cut too deeply or the celluloid will split if it is bent. After the 
scoring is completed, red or black wax crayon is rubbed into the lines, and the sheet polished 
with a soft cloth. 

To use the screen, lay it on the glass of the printing machine, place the negative on 
top of it and make the print in the usual manner. The result will be a positive covered with 
fine white, crossed lines. 

As a guide in registering the screen with the negative, a thin, true vertical line is made 
on the background. This line should show somewhere on the negative. Wien ready to print, 
simply register the background line with one of the screen lines. 

TUBERCLE BACILLI, Nutrient Quality of Eggs for Growing, Corper, H. J., and Cohn, 

M. L. Am. ,T. Hyg. 18: 1, 1933. 

Quantitative evaluation of inspissated egg yolk as contrasted with the inspissated white 
of egg shows the latter to be a poor nutrient for small numbers of tubercle bacilli as com- 
pared to the former. The inspissated yolk has also proved slightly superior to the in- 
spissated whole egg. 

The addition of broth is not essential to the nutrient qualities of whole egg or egg yolk 
media. The inspissation of egg or egg yolk media is beneficial to the nutrient qualities and 
insures sterility as compared to the use of raw unsterilized whole egg or egg yolk. 

The addition of a non-nutrient substance such as agar does not introduce any beneficial 
action upon the nutrient qualities of whole egg or egg yolk media, and if added in too great 
amount diminishes their nutrient value for small numbers of bacilli. 

The addition of water up to 25 per cent to egg yolk before inspissation serves to 
fulfil the purpose of preventing drying of this medium during the long period of incubation 
required for the growth of tubercle bacilli. 

Mixing of two good nutrients for tubercle bacilli such as egg yolk" and potato does not 
serve to enhance the nutrient qualities of either of these substances but may change the 
type of colony. 

Large plantings of tubercle bacilli grow on a wide range of acidity in good nutrient 
media such as egg yolk, but a few bacilli require an acidity of narrower range approximating 
the neutral point. 

The value of dyes intimately mixed, with a nutrient such as egg yolk is mainly to assist 
in the ease of finding early colonies, but they must be used cautiously in a concentration which 
exerts no tuberculostatic action in graded planting tests. Several pigments and dyes are 
adapted to this purpose. 

SERUM CALCIUM, In Normal Boys, Molitch, M., Weinstein, S., and Cousins, R. F. Am. 

J. M. Sc. 186: 378, 1933. 

The serum calcium findings on 511 normal boys, between the ages of eight and twenty 
years, range from 7.6 to 12.5 mg. per cent. Of the total number reported, 33 were found 
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below and 1 above the extreme normal limits of S.O an.l 12 mg. per cent. Disregarding the 
highest and lowest 5 per cent of distribution, the normal limits are from approximately S o 
to 10.8 mg. per cent. No progressive decrease was found with age in this group. iNatmnalit} 
and race showed no influence on serum calcium metabolism. 

BLOOD CHEMISTRY; Serial HPH Studies and Their Prognostic Significance in Acute 

Coronary Occlusion, Steinberg, C. L. Am. J. M. Sc. 186: 272, 1633. 

From a study of 1G eases it is concluded that (a) a rising nonprotein nitrogen or (b) 
a nonprotein nitrogen that remains elevated in the blood plasma is of ill omen. 

More attention should lie paid to blood chemistry studies during coronary occlusion as a 
prognostic aid. 

A lowering of the blood pressure and diminution in urine output will not alone explain 
the rise in nonprotein nitrogen in acute coronary occlusion. 

HYPERGLYCEMIA, Hypertension, Obesity and, Musser, J. H., and Wright, D. 0. J. A. 

M. A. 101: 420, 1933. 

A group of thirty obese hypertensive women exhibited a marked lowering of sugar 
tolerance. A second group of fat individuals without hypertension are shown not to have a 
hyperglycemia. It seems reasonable to assume that there is no one factor definitely responsible 
for the combination of obesity, hypertension and hyperglycemia unless it is obesity. The 
reduction in weight is often associated with a lowering of the blood pressure and a return of 
a sugar tolerance curve to normal. 


PNEUMONIA, Value of Skin Test With Type-Specific Capsular Polysaccharide in the 

Seram Treatment of Type I Pneumococcus Pneumonia, Francis, T., Jr. J. Expcr. 

Med. 57: 4, 017. 

Skin tests were made with Type I S.S.S. in 53 cases of Type I pneumococcus lobar 
pneumonia, 48 of which were treated with antipneumocoecus Type I serum. In all but 1 of 
the 46 recovered cases a positive, immediate skin reaction was obtained at about the time of 
recovery. In 7 fatal eases reactions were consistently negative, even in the presence of 
circulating type-specific antibodies. 

The skin test has proved to be an extremely valuable guide to serum therapy, and a 
definite prognostic aid. The test has distinct advantages over the agglutination reaction in 
that it is not merely an index of circulating antibodies. When positive, it invariably denotes 
that recover}- has begun; when negative, it indicates further serum therapy. The mechanism 
of the positive skin test is closely related to that operative in recovery from pneumonia, and 
is apparently the resultant of antibody and tissue activity. 


TUBERCULOSIS, Gastric Examination in Pulmonary Tuberculosis With Negative Sputum 
Examination, Ulmar, D., and Ornstein, G. G. J. A. M. A. 101: 835, 1933. 

. A search was made of the gastric contents for tubercle bacilli in pulmonary tuberculosis. 
t le mechanism of bronchial peristalsis is demonstrated whereby bronchial contents are raised 
0 t >c level of the larynx without the mechanism of cough. The importance of this meeha- 
msm in raising sputum from the lungs is amply shown by the fact that, in a series of 287 cases 
* llc 1 * mre were repeated negative sputum examinations, approximately 20 per cent yielded 
’ CrC 0 011 examination of the gastric contents. In some of those positive cases there 

become ^! CTl0us _ coughing and expectoration. The importance of this method of investigation 
a» for 5 lncrc “ sin £^F significant when the normal cough mechanism has been interfered with 
which conTct ln f’ CU!7,othorax or thoracoplasty cases. The simplicity of the examination, 
makes timVxon,^", the USUa! conccntTation technic on the aspirated gastric contents, 
cases ■ ' a,10n easy as to warrant its routine use in all suspected sputum negative 
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HEPATIC FUNCTION: Clinical Values of Levulose and Galactose Tolerance Tests for, 

Eadhakrishna, M. V. Ind. J. M. Bes. 21: 141, 1933. 

From this study it is concluded that the levulose tolerance test gave positive results in a 
greater number of cases with liver disease than in those without evidence of hepatic disorder. 
In some cases with definite evidence of liver disease the test gave negative results, and 
hence it is concluded that the test cannot be considered to be of diagnostic importance in 
any individual case. 

The variable results obtained by the levulose tolerance test in cases of cirrhosis of the 
liver are considered to be due to the regeneration of the hepatic tissue. It is pointed out that 
a negative test in these cases cannot exclude liver disease, as it only indicates that a sufficient 
amount of actively functioning liver tissue is still left to maintain the carbohydrate metabo- 
lism. The test becomes positive onlj- when there is diffuse destruction of the hepatic par- 
enchyma together with failure of regeneration. 

Though the galactose tolerance test of Bauer has its own advantages, it is misleading 
to depend on the urinary findings alone and the total amount of galactose excreted in the 
urine is too variable to consider it as a guide to hepatic efficiency. 

ENDO MEDIUM, Nature of Eeaction of Colon Organism on, Margolena, L. A., and Hansen, 

P. A. Stain Teclin. 8: 131, 1933. 

Considerable confusion in the understanding of Endo’s reaction is caused by the fact 
that a faint coloration may be produced by weak acids and by oxidations, both causing a 
restoration of the fuchsin color. 

The viewpoint of Neuberg and Nord that the cultivation on the Endo medium is a 
trapping procedure (Abfangverfahren) for acetaldehyde is confirmed. 

The typical reaction of Bacterium coU is caused not by lactic acid, but by the inter- 
mediate product acetaldehyde which is fixed by sodium sulphite. 

The color produced in the reaction is not restored fuchsin, which is shown by the fact 
that it cannot be shaken out with ether when picric acid has been added beforehand. 

TYPHOID CAEEIEES, Serological Diagnosis of, Wyllie, J. Am. J. Hyg. 78: 393, 1933. 

In any agglutination method using living bacterial suspensions the pitfalls are due to 
the S E variation and to the H O variation. The former variation is easily detected by the 
appearance of spontaneous agglutination (granular in type) in increasing strengths of 
saline controls. A slight granularity in 0.85 per cent saline is more marked in 1.7 per 
cent and more so in 3.4 per cent and 0.8 per cent saline. When this occurs the stock cul- 
ture is replated on agar and a smooth colony picked off. In this way the colony form is 
taken as an indication of smoothness or roughness and this is afterward examined for 
physiologic smoothness or roughness. 

The latter variation (i.e., H O) is guarded against by subculturing the “H” variants on 
agar slants containing some water of condensation. O variants may be subcultured on dry 
agar slopes. The agar medium must be carefully prepared as outlined on pages 395 and 
396 and the use of motility tubes containing semisolid agar ensures maximum development 
of the H-receptors. Felix (1931) recommends however that agar stabs for maintaining 
stock cultures over long periods should not contain muscle sugar, hence this agar should 
be prepared from meat extracts instead of fresh meat. 

In this study of the serologic reactions of typhoid carriers by Felix’ method, the 
sera were examined qualitatively with living bacillary suspensions of “H” and “0 
strains of B. typhosus and B. para-typhosas A and B. In the large majority of these 
sera “0” agglutinins were found exclusively. The typhoid H suspension of the Oxford 
Standards Laboratory, however, revealed the presence of "H” agglutinins in nearly all of 

these sera. _ 

The use of living typhoid and paratyphoid strains necessitated particular care to 
maintain the cultures in the optimum phase. The results show that sufficient differences 
in the type and degree of agglutination in the three classes of sera studied — from typhoid 
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carriers, from typhoid fever cases and from individuals receiving prophylactic inoculation 
justify the opinion that an additional serological procedure is available to assist in distin- 
guishing carriers from normal and from inoculated individuals. 


TUBERCULOSIS, Effect of Exercise on the Leukocyte Count in Pulmonary, Kaminsky, J. 

Am. J. M. Sc, 186: 4S4, 1033. 

In 30 tuberculous patients leucocyte counts were made after one hour's rest in bed 
and the results compared with those of blood counts taken after some exercise. 

Thirty-eight cases showed an increase in their total counts following exercise (in- 
creases of more than 2,000 cells were obtained in 10 cases); 12 case? showed a decrease in 
their total counts taken after exercise. 

Striking variations were noted in some of the differential counts taken after exercise; 
increases in the cells of some types exceeding 100 per cent were encountered. 

The value of performing leucocyte counts under basal conditions in the study of 
cases with pulmonary tuberculosis is emphasized. 


RETICULOCYTES: A New Method of Enumeration, Schleicher, E. M. Am. J. Clin. Path. 
3: 395, 1933. 


Solution A 

Neutral potassium oxalate 
Sodium chloride c. p. 

Distilled water 


1.0 gram 
0.85 gram 
100 c.c. 


Solution B 

Brilliant cresyl bine 
Sodium chloride c. p. 

Distilled water 

Chloretone (as a preservative) 


1.0 gram 
0.85 gram 
100 c.c. 
1.0 gram 


In a conical tipped centrifuge tube place 25 parts of Solution A and 5 parts of Solu- 
tion B, mix (since a precipitate forms when the solutions are mixed, it is better to make 
up a larger volume, filter and place the proper amount of the mixed solution in the tube 
and proceed), and add several drops of blood. After thoroughly mixing, permit to stand 
ten to twenty minutes, then eentrifngalizc for twenty to thirty seconds at a moderate 
speed. The supernatant fluid is pipetted off until a layer of fluid approximately equal to 
the depth of the sediment remains. Mix the sediment well with the supernatant liquid, 
draw up in the pipette and discharge one drop near the end of a perfectly clean glass slide. 

Spread the stained drop with the edge of a coverslip square 18 mm. and draw the 
film to about 6 cm. from the starting point. 


The underlying principle of the method involves the Relative Reticulocyte Distribu- 
Uon CR-R.D.) throughout the smeaT. To know the relative distribution of reticulocytes 
is important, since it is technically not possible to make a blood film manually so that 
, c d’ s Wbution of erythrocytes and reticulocytes is equal throughout the preparation. It 
as icen determined, however, that the distribution varies in a definite way when the 
a oie technic of preparing smears is followed each time. 


, E - E - 5s f °uod as follows: Divide a piece of paper into 10 columns and 

rif) 1 > • m - 1 t0 10 ' Ad dust a 4x eyepiece to a tube-length of IDO mm., using an oil iromor- 
fi'eid ° '? C<,1 ' VC 1S rrlm - x 95 N.A. 1.30 in order to obtain the specific microscopic working 
Any other combination giving the same field may be used. 

trait n '° Pl ' E ' :D - in tho fllra will usually be found to show about four variations in concen- 
sus as follows: (1) extremely high, (2) high, (3) low, (4) extremely low or absent. 

■■xlrem^orit °^ CCti ; e ° n tlie n PP cr cdge of the fllm ue-ur the starting point, that is, the 
border of the film. Moving the slide upward in a vertical line, count several 
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HEPATIC FUNCTION: Clinical Values of Levulose and Galactose Tolerance Tests for, 

Radhakrishua, M. V. Ind. .T. M. Eos. 21: 141, 1933. 

From this study it is concluded that the levulose tolerance test gave positive results in a 
greater number of cases with liver disease than in those without evidence of hepatic disorder. 
In some eases with definite evidence of liver disease the test gave negative results, and 
hence it is concluded that the test cannot be considered to be of diagnostic importance in 
any individual case. 

The variable results obtained by the levulose tolerance test in eases of cirrhosis of the 
liver are considered to be due to the regeneration of the hepatic tissue. It is pointed out that 
a negative test in these cases cannot exclude liver disease, as it only indicates that a sufficient 
amount of actively functioning liver tissue is still left to maintain the carbohydrate metabo- 
lism. The test becomes positive only when there is diffuse destruction of the hepatic par- 
enchyma together with failure of regeneration. 

Though the galactose tolerance test of Bauer has its own advantages, it is misleading 
to depend on the urinary findings alone and the total amount of galactose excreted in the 
urine is too variable to consider it as a guide to hepatic efficiency. 


ENDO MEDIUM, Nature of Reaction of Colon Organism on, Margolena, L. A., and Hansen, 

P. A. Stain Techn. 8: 131, 1933. 

Considerable confusion in the understanding of Endo ’s reaction is caused by the fact 
that a faint coloration may be produced by weak acids and by oxidations, both causing a 
restoration of the fuchsin color. 

The viewpoint of Neuberg and Nord that the cultivation on the Endo medium is a 
trapping procedure (Abfangverfahren) for acetaldehyde is confirmed. 

The typical reaction of Bacterium coii is caused not by lactic acid, but by the inter- 
mediate product acetaldehyde which is fixed by sodium sulphite. 

The color produced in the reaction is not restored fuchsin, which is shown by the fact 
that it cannot be shaken out with ether when picric acid has been added beforehand. 


TYPHOID CARRIERS, Serological Diagnosis of, Wyllie, J. Am. J. Hyg. 78: 393, 1933. 


In any agglutination method using living bacterial suspensions the pitfalls are due to 
the S R variation and to the H O variation. The former variation is easily detected by the 
appearance of spontaneous agglutination (granular in type) in increasing strengths of 
saline controls. A slight granularity in 0.85 per cent saline is more marked in 1.7 per 
cent and more so in 3.4 per cent and 6.8 per cent saline. When tills occurs the stock cul- 
ture is replated on agar and a smooth colony picked off. In this way the colony form is 
taken as an indication of smoothness or roughness and this is afterward examined for 
physiologic smoothness or roughness. 

The latter variation (i.e., II O) is guarded against by subculturing the “H ” variants on 
agar slants containing some water of condensation. 0 variants may be subcultured on dn 
agar slopes. The agar medium must be carefully prepared as outlined on pages 395 and 
396 and the use of motility tubes containing semisolid agar ensures maximum development 
of the H-receptors. Felix (1931) recommends however that agar stabs for maintaining 
stock cultures over long periods should not contain muscle sugar, hence this agar should 
be prepared from meat extracts instead of fresh meat. 

In this study of the serologic reactions of typhoid carriers by Felix’ method, tin, 
sera were examined qualitatively with living bacillary suspensions of “H” and 0 
strains of B. typhosus and B. para-typhosus A and B. In the large majority of those 
sera “0” agglutinins were found exclusively. The typhoid H suspension of the Oxfor 
Standards Laboratory, however, revealed the presence of “H” agglutinins in nearly all of 


these sera. ' . 

The use of living typhoid and paratyphoid strains necessitated particular care 
maintain the cultures in the optimum phase. The results show that sufficient differences 
m the tvpe and degree of agglutination in the three classes of sera studied from typ oi 



AllSTltAtTS 


'll:’. 


carrier,, from tvphoid fever n- „ml from in.r.vi.lUMW lving , ,ro, .J. vlr.-t ic 

justify the opinion that nn additional serological 1 «..re.l..rf in available to HF-ift >» 
guishing carriers from normal ami from inoculated individuals. 

TUBERCULOSIS, Effect of Exercise on tlio Leukocyte Count, In Pulmonary, Kaminski, J. 

Am. .T. M. 8c. 18G: 181. lMfl. 

In 30 tuberculous patients leucocyte count- were nm.le after one hour’s rest in he-! 
and the results compared with those of blood counts taken after some exernse. 

Thirty-eight eases showed an increase in their total counts following exercise (in- 
eteafes of more than 2,000 cells were obtained in 10 eases); 1- east s «hnw<d n dicriu < in 
their total counts taken after exercise. 

Striking variations were noted in some of the differential counts taken after exercise; 
increases in the cells of some types exceeding 100 per cent were encountered. 

The value of performing leucocyte counts under hasal conditions ill the study of 
case, with pulmonary tuberculosis is emphasized. 


RETICULOCYTES: A New Method of Enumeration, Schleicher, E. M. Am. ,T. f’lin. Path, 
3: 305, 1033. 


Solution A 

Neutral potassium oxalnte 
Sodium chloride c. p. 

Distilled water 


1.0 gram 
0.8". gram 
100 e.c. 


Solution B 

Brilliant crcsyl blue 
Sodium chloride c. p. 

Distilled water 

Chloretonc (as a preservative) 


1.0 gram 
0.85 gram 
100 e.c. 
1.0 gram 


In a conical tipped centrifuge tube place 25 parts of Solution A and 5 parts of Solu- 
tion B, mix (since a precipitate forms when the solutions arc mixed, it is belter to make 
op a larger volume, filter and place the propeT amount of the mixed solution in the tube 
and proceed), and add several drops of blood. After thoroughly mixing, permit to stand 
ten to twenty minutes, then centrifugalize for twenty to thirty seconds at a moderate 
speed. The supernatant fluid is pipetted off until a layer of fluid approximately equal to 
the depth of the sediment remains. Mix the sediment well with the supernatant liquid, 
draw up in the pipette and discharge one drop near the end of a perfectly clean glass slide. 

Spread the stained drop with the edge of a coverslip square 18 mm. and draw the 
fdm to about G cm. from the starting point. 

The underlying principle of the method involves the Relative Reticulocyte Distribu- 
l' on (E-B.D.) throughout the smear. To know the relative distribution of reticulocytes 
is important, since it is technically not possible to make a blood film manually so that 
, e < J istr ibution of erythrocytes and reticulocytes is equal throughout the preparation. It 
een determined, however, that the distribution varies in a definite way when the 
a ove technic of preparing smears is followed each time. 

mark'd! 0 ^ ^ ’ S foun<1 as f°B°ws: Divide a piece of paper into 10 columns and 

sion h -0 " 1 - 1 t0 10 ' Atl ^ nst a e y c P icco to a tube-length of 100 mm., using an oil imroer- 
field ° f ChVC 1-8 Dm - x 95 N - A - 1-30 m order to obtain the specific microscopic working 
1 ny other combination giving the same field may be used. 

tratii/ 1 ° R ' E ' D ' in th ° fllm ' n ’ m us nally be found to show about four variations in concen- 
ts as follows: ( 1 ) extremely high, (2) high, (3) low, (4) extremely low or absent. 

extreme °^ ecti J e orl tllc u PP er cd S e of thc fllra near the starting point, that is, the 
border of the film. Moving the slide upward in a vertical line, count several 
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fields that show the highest as well as the moderately high, moderately low and low 
reticulocyte concentrations. Record the counts of each classification in column 1. When 
the lower edge of the film is reached, move the slide to the left horizontally 0.5 cm. (meas- 
ured by the mechanical stage), from this point move the slide downward, count the 
reticulocyte concentrations as before and record them in column 2. Count ten vertical 
zones in this manner. If a vertical zone does not show any reticulocyte, mark in the 
corresponding column a zero. 

In a vertical zone IS mm. in length there will be found approximately ISO microscopic 
fields, the average field showing about forty erythrocytes. There should be counted and 
recorded in each column the number of reticulocyte concentrations found in at least eight 
to ten fields in each vertical IS mm. zone. Select from the SO to 100 individual enumera- 
tions recorded in the ten columns ten reticulocyte counts distributed as follows: 

(a) Two fields showing extremely high concentrations. 

(b) Three fields showing high concentrations. 

(c) Two fields showing low concentrations. 

(d) Three fields showing extremely low to absent concentrations (when selecting the 
individual reticulocyte counts use as many zeros ns there have been zero columns). 

Having added the ten reticulocyte counts the total number is referred to as the sum 
of reticulocytes (Sc). In the same ton fields there are 400 erythrocytes. The ratio of 
reticulocytes to erythrocytes is therefore Sr. 


400 

The percentage of reticulocytes is Sa 

400 x 100 

or per cent = Sb x .25 


TUBERCULOSIS, Sanocrysin Treatment, Henricbsen, K. J., Sweany, H. C., and Hmby. 

A. J. Am. Rev. Tuberc. (Suppl.) 28: 1, 1.033. 

About 50 per cent of tuberculous patients having a stationary or downward progres- 
sive advanced tuberculosis of the “B” or “C” types, when given Sanocrysin in well- 
regulated doses, will show (1) a rather prompt cessation of symptoms (drop of temperature 
and pulse, increase of weight, and improvement of general condition), which changes tend 
to be permanent if the patient observes the usual measures of hygiene; (2) a clearing of 
tuberculous infiltration, with marked fibrosis and contraction of cavities, as shown by 
roentgenograms; and (3) changes from unfavorable to favorable laboratory findings. 

The remainder of the treated patients may be divided about, equally into three classes: 
those who show a temporary improvement for a few weeks to a few months; those who 
show no favorable change; and those who will not tolerate the drug at all. 

By all the methods of control available and carefully analyzed figures, we can con- 
clude that there is a shortening of the convalescent period or prolongation of life or botn 
in the treated patients of Group 1. 

There seems to be a real indication for the drug's use as a supportive treatment in 
collapse therapy when patients are not doing well, and -when there is a beginning spread 
to the other side, or when there is need to clear up n slight involvement of one side m 
preparation for collapse therapy on the other. 

Sanocrysin may be used to speed the convalescence of patients with favorable prog- 
nosis, but this is usually unnecessary. 

The drug may be added to the armamentarium of the tuberculosis specialist for u=o 
when other measures are unavailable, as well as for other "reacting” types when the skill 
of the physician is able to direct a successful course. 

More experiment is tvarranted, so that indications, or contraindications, and more 
favorable types may be better established, in all ages, stages, complications, types of t le 
disease, and in both sexes. 



AHSTKACTS 


AGGLUTININS: The Agglutinin Content of the Blood Following Typhoid and Farntypl.old 
Immunization. Foonl. A. G.. and Forsyth, A. Am. d. Clin. I’atli. 3: .id.:, ll'.i.l. 

Agglutination tests conducted Mmult:iiu'»n-dy with the same Husk of antigen on 
scrums of 120 nurses and internes immunized he three weekly suheutnnem.s iujeetions of 
triple typhoid paratyphoid A and It vaccine furnished hy the New York .State Department 
of Health revealed the pioseneo of typhoid agglutinins in a dilution nveriiging 1 1- 5 -" 1" 
]:(H0 at the end of twenty-three days following the Inst injection. 

Tests at longer intervals of several months and to from live to nine years demonstrated 
persistence of agglutinins in all the serums studied in lower, but clinically significant 
amount; for example, 3:1 GO after six and nine years, respectively. 

Agglutinins ngainst paratvphoid bacilli were demonstrated at titers averaging some- 
what lower than the corresponding titer against the typhoid bacillus. 

In evaluating a positive agglutination test against typhoid or paratyphoid organisms, 
the history of prophylactic immunization must lie considered, even though many years have 
elapsed since the inoculations. 

HtEGNANCY: The Rabbit O vitiation Test, Anklcsaria, S. B. J. Univ. of Bombay 1: 10S. 
1033. 

All the biologic tests of pregnancy depend on the presence, in the Uody, of living 
chorionic tissue in biologic contact with the blood stream. 

Pregnancy is a physiologic condition in which chorionic tissue is present and is in 
contact with the hlood stream; but should a man or woman be the unfortunate possessor 
of a tumor containing chorionic tissue, i.e., a ehorionej.itlielioiaa, lie or she should give a positive 
biological test. Thus its use in the diagnosis of these tumors both in the female and in 
the male in the testis for example, is quite apparent. 

In normal pregnancy the test is positive ns early as throe weeks after conception. 
It becomes negative in two to seven days after puerporium, the rabbit ovulation test bccom- 
ing negative earlier (forty-eight hours;. 

In abnormal pregnancy the tests arc useful in the diagnosis of ectopic gestation, abor- 
tions in various phases, and hydatidiform mole. 

In ectopic gestation the test remains positive so long as there is a certain amount 
of living chorionic tissue in biologic contact with the maternal tissues. The author found 
it repeatedly useful and in only one case out of seven was it negative; this case being of 
longstanding with no living chorionic tissue. In such cases, however, the danger of ectopic 
gestation is mueli less. The author shall, however, emphasize the fact that a full dose of 
21 c.c. of urine and a forty-cight-hour interval between the first injection and the laparot- 
omy will go a great way in diminishing the number of negative results. 

In cases of death of the ovum in uterine pregnancy, the reaction takes some time to 
become negative, tlie time being greater in advanced gestation; it may take as long as a 
month or more. The significance of a positive reaction becoming negative is great in diag- 
nosing death of the ovum. 

Though the reaction disappears within forty-eight hours or a little more in the normal 
puerperium, it takes two months or a little more to disappear after the passage of a 
• tttid mole, though the mole may not be malignant. 

with^ 11 CaSCS ° f ll -' dat 'd m( dc and chorioncpithelioma, the author has found the tost positive 
1 'Pry small amounts. He is determining at present the smallest quantity- of urine that 

v ui giro a positive reaction in normal pregnancy, which work will be published in a 
luuiTC paper. 

• EE ? CLE BACILLI, Heavy Drop Method for Demonstration of, in Sputum, Kornetov X 
J '-iin. lied. Moscow 11: 109, 1933. ’ 

amount is d’f„ C ° f sus P eeted K P utum placed in the center of the glass slide. The 
in diameter m U . S col,sistonc >'- If t5le sputum is fluid, a particle about 10 mm. 

. JC used; if it is thick, a particle of a diameter not exceeding 5 mm. is 
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used. Five drops of a mixture of 20 c.c. of 10 per cent ammonium hydroxide solution and 
30 c.c. of 96 per cent alcohol are added. By means of a thin glass rod the sputum and 
solutions are mixed. In a few minutes five more drops of the mixture arc added as before. 
If a homogeneous mass has not been obtained, five more drops arc added. After five 
minutes the mass is usually homogeneous. The mixture is then dried in an autoclave or an 
incubator. The preparation dries in the air in two to three hours, under proper tempera- 
ture in about twenty minutes. Excessive heating should bn avoided. The dried mass is 
stained without fixation. Sufficient carbolfuchsin to cover the mass is added. The slide 
is heated until it steams; this procedure is repeated twice and the carbolfuchsin is decanted. 
The preparation is treated repeatedly with 5 per cent nitric or sulphuric acid, the acid 
being washed off each time, so that finally the preparation assumes a slight rosy color. 
The preparation is then treated with a few drops of a 1 to 500 solution of methylene blue 
or a few drops of a 1 to 500 solution of chrvsoidiii. The slide is washed and dried. 

By this method each field contains from G to 20 times more tubercle bacilli, if such are 
present, than the usual smear. 



REVIEWS 


Iiooks and Monographs for Iteview should h“ n 1 • 1 1 1 direct to tin* l'-d- 
itor. Hr. Warren T. Vaughan, Professional Huildiiig. Itirhmnml. Va. 


The History and Epidemiology of Syphilis' 1 

' I ’HIS hook is a series of three lectures delivered under the Adolph (lehnnann endowment 
* at the University of Illinois r,djegc of Medicine in March, lt'.Vl. The first loot tire dis- 
cusses the origin of the disease, presenting the evidence for and against its importation into 
Europe by the sailors of Columbus. The second lecture summarizes the historical develop- 
ment of our understanding of the nature of the disease and its treatment. The third discusses 
present epidemiologic problems and outlines preventive possibilities. l or further discussion 
see editorial in this number. 


The History of Dermatology! 

T T IS only within the last hundred years that dermatology has become a specialty. As the 
author remarks, the history of dermatology, especially prior to 1800, is the history of med- 
icine in general. He has, however, abstracted from the history of medicine the points that 
are of particular interest in connection with dermatology and the first sixty odd pages are 
devoted to the facts of dermatology as they have been developed in the history of medicine 
up to the beginning of the nineteenth century. The second two-thirds of the hook deals with 
the historical development of dermatology as a specialty. This has been done in a very 
readable and informative way. Sometimes the reader wishes the author had more space to 
devote to the development of the personalities of the men who contributed so much to the 
specialty. 

A distinct innovation, as an appendix, is the author’s historical index on dermatology. 
In it he lists the various dermatologic diagnoses alphabetically, with brief summaries de- 
scribing when such diseases were first mentioned in history, with other outstanding historical 
points about them. 


hols. 1 M 3 ? E 1 y t \?m an v d .,F„ P 1 S CmioIo «;, of S>S hi,fs - Thc Gc-hrmann Lectures. University of 111! 
verstty of piinnK Pusey A.M.. M.D., LL/D., Professor of Dermatology Emeriti. 

bpringfleld. 111. Charkl, f ihoma^T^.' Meu,Cal Association. Illustrated, cloth, p?gc TfH. 
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EDITORIAL 


The Origin of Syphilis 

T WENTY years ago it was generally understood that, as far as the civilized 
world is concerned, syphilis is one of the few new diseases that have been 
introduced since ancient times. It was understood that the disease was con- 
tracted by the sailors of Columbus from the Indians of the New TVorld, carried 
back into Spain and Portugal from where it rapidly spread to the Spanish 
soldiers who, as mercenaries, introduced it into the armies of Charles VIII 
of Prance and by which it was carried into Italy as far as Naples. The army, 
victorious against the Neapolitans and others in their pathway succumbed to 
the disease, retreated into France and there was disbanded, to send syphilis 
home to all of the countries of Europe which had contributed to the mighty 
army of Charles. The Italians called it the Spanish disease, the French called 
it the Italian disease, the English, Germans and Turks called it the French 
disease and the Russians called it the Polish disease. The Spanish, alone, 
called it the disease of Haiti. 
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Aside from the time relationship, epidemiologic considerations pointed to 
an infection of a previously miinvnded mult iln«l«* «'f hosts rvlmse lack of ac- 
quired innmmity was ehietlv responsible tor the extteme \ i i n 1 • in * of tin < I" 

detnie. . , 

But in 1913 Karl SudhotV presented Ins evidence that syphilis had existed 

in Europe prior to Columbus' discovery of America. This opened the n uestum 
anew with the result that some evidence was collected llimngh several years 
purport ill" to show that syphilis was an ancient disease in Kuinpe. cm n th.ii 
the ancient Egyptians had suffered from syphilitic osteitis, its evidenced by 
lesions found in mummies, Probably it is well that Ihc <|tiestion was raised 
bran authority such as Sudhoff, since this necessitated a reexamination ot 
the records and has resulted in the discovery ot additional lads far moie 
convincing than those previously available. 'I he evidence lor and against 
importation from the New World has been collected and presented by I’usey 
in a most interest ins? manner in his (Jehrmann Lectures lie tore the 1 niversity 


of Illinois. 1 

In Germany in 1 4 i tA syphilis was often mentioned as tin* ’* never-bet orc- 
seeu-and'lieard-of-disease." The earliest known Herman state document on 
syphilis tvas published in 14!).'). well after the time of Columbus' return and the 
introduction of syphilis into Germany. 

Oviedo, who was in Barcelona at the time of Columbus' return and knew 
him and members of his crew, described how the disease was contracted from 
Indian women by Spaniards with Columbus and how it was brought by them 
to Spain. Las Casas, whose father accompanied Columbus on his second voy- 
age, and who. himself, lived in Haiti for many years remarked “there were 
and still are two things which at the beginning were very dangerous to the 
•Spaniards. One was the disease syphilis, which in Italy is known as the 
French malady.” He, himself, describes seeing the first cases in Seville among 
Columbus 7 sailors. “It is a tiling well verified that all the incontinent Span- 
J ards that did not have the virtue of chastity on this island were contaminated.’’ 

Dias de Isla, who was a physician at Lisbon at the time of Columbus' 
return, described the new disease as it occurred among Columbus’ sailors and 
later in the general population. The first and second editions of his work have 
teen discovered and what is more interesting, the original manuscript. The 
original manuscript contains certain paragraphs on syphilis which were omit- 
tedfrom the printed work. This may have been for patriotic reasons. Dias de 
Isla, practicing in Barcelona in 1493, saw the very entrance of syphilis into 
the Old World. He states definitely that the disease was unknown before the 
year 1493, that it was brought by the crew of Columbus on their return from 
their first voyage, that a majority of the crew were infected, and that he him- 
self treated a number of the sailors. ‘‘At the time that Admiral don Xristoual 
Colon arrived in Spain the Catholic Sovereigns were in the city of Barcelona. 
And when they went to give an account of their voyage and of what they had 

discovered, immediately the eity began to be infected and the aforesaid dis 
ease spread.” 

It has been claimed that bone lesions have been found indicative of svnhi 
hs m human beings who died in the Old World long before the discovery of 
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America. Among others, Williams of Buffalo has made extensive investiga- 
tions into this. The only incontrovertibly characteristic hone lesion is in the 
flat bones of the skull. Lesions of long bones might be due to other diseases. 
No incontrovertible evidence of syphilis of the bone lias ever been presented 
in any skull prior to the time of Columbus except in the New World, where 
such evidence is relatively abundant. The search therefor has not been hap- 
hazard, as is indicated b}- the report of Elliot Smith based upon the examina- 
tion of the mummies of 30,000 Egyptians and Nubians. 

There is no definite evidence, either from morphologic studies, from his- 
torical documents, from medical treatises, or from legal enactments, of the 
presence of syphilis in Europe prior to the discovery of America. And, as 
Pusey pointedly remarks, there is no evidence in the prurient literature of the 
ancients. What fun Boccaccio or the authors of the Arabian Nights would 
have had in describing the wages of sin did they know of the ravages of 
syphilis ! 

But, after the return of Columbus it required but a short time for the 
disease to spread throughout the known world. The Portuguese explorers lost 
no time. In India the disease was recognized in 1498, after the arrival of Vasco 
de Gama who had left Portugal one year earlier. It appeared in Canton, China, 
in 1505. In Japan it was first described in 1569 when it was imported either 
by Chinese or Portuguese sailors. 

The discovery of a New World gave birth to many new and perplexing 
problems, not the least among which was that of syphilis. 
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CORRESPONDENCE 


Remarks supplementary to editorial on “BHlntblncmin and Pneumonia' by It. A- K. In 
Journal of Laboratory and Clinical Medicine 18: 1197, 193.1 
To thr Kililor: 

In order to establish u clear understanding of tin* significance of tin* jaundice of hdiar 
pneumonia as it mav be seen in its pre-ent stage of analysis, the following Minnnary is .sub- 
mitted. This smmnnrv represents but a single plia^e of a eoneept-totality with u number of 
ramifications involving jaundice ns a whole and its mechanism in any other clinical entity with 
which it may he associated. Here, however, we are concerned specifically only with the 
events occurring when jaundice is associated with a disease caused hy a bile-soluble organ- 
ism, the pneumococcus, 

1. Icterus, manifest in one or all of three tests performed daily during the acute course 
of lobar pneumonia, has been found to lie practically always present. These tests consist 
of the icterus index, the aqueous (direct) van den Hergli reaction, and the quantitative serum 
bilirubin determination, based on van den llergh's application of Khrlieh's diazo reaction 
as recommended by I’riiselier. 

2. The visibility of icterus in the skin or selerae is of no significance other than tlr.it 
risible icterus is quite characteristic of lobar pneumonia, its detection being largely a question 
of the visual acuity of the observer. The fundamental data must lie obtained from studies 
on the blood serum. Numerous observations have demonstrated that no threshold for the 
risibility of icterus can l>e postulated, since visibility is dependent on qualitative as wet! as 
quantitative factors in jaundice. 

3. If, regardless of other methods for characterizing the course of lobar pneumonia, 
cases are classified on the basis of the presence or absence of pleural fluid (not fibrin alone), 
demonstrable by x-ray, daily physical examination, or, preferably, clicst tap, then the follow- 
ing conclusions are admissible: 

a- Approximately 70 per cent of hospitalized patients with lobar pneumonia in this 
series developed pleural fluid, and in this group the mortality was approximately 13 per cent. 

h- In the remaining 30 per cent of these patients fluid was not demonstrable in any 
way (“dry chest” type), and in this group the mortality lay between 73 per cent and 80 
per cent. 


A figure for tho incidence of pleural fluid in pneumonia, closely approximating this 
finding, is reported by G. Andral, Clinique medicalc, Paris, Gabon et Cie., 1824, 2, 242, and 
by R. T. H. Laennec, Traite de 1 ’auscultation, Paris, G. 8. Chaude, ed. 2, 1820. It is on the 
lasis of the presence or absence of this fluid that the interpretation of the changes in the 
jaundice of lobar pneumonia is made, so far as they are related to the outcome. 

fn ** 1(! white race, in the absence of pleural fluid, the mortality has thus far been 
per cent unless the icterus index exceeded 10. 0. Most white patients whose icterus index - 
iia\' CS e '‘ CeC ^ 0 ^ If-fi exhibited the downward turn in the zone 18.7 to 30, and thus far none 
a\e died whose maximum index lay in this zone whether fluid was present or absent. IV hen, 
took CC l S '° na ^" lia f , f icnt ' ( '’ t,ic interns index of a white patient exceeded 30, recovery then 
abac ^ ° n ^ t * IC i fitenis index 100 was attained. In tlie negro, on the other hand, in the 
i<, C .i' C . C ^ u *^> tl‘ e mortality was 100 per cent unless the icterus index exceeded 100. This 
curve' 1 white patients are said to show negroid reactions if their icterus index 

n - . . ex ‘ :ct '‘i “9- True crisis is regarded as the favorable termination of the disease when 
1011(1 is absent. It is rare . 

the curve t 0ri l tl P deve,0 I 1m<mt of P leural t,lc rising icterus index curve is broken, and 
'his h-.is^ - l]'”' i !° f!l!! batk t0 norm!l]- Frequently a patient is seen for the first time after 
rc.u y occurred, and the icterus index is found to he normal. Jaundice is then 
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demonstrable only by the van den Bergli reaction, or in an elevation of the quantitative serum 
bilirubin. These patients die with direct positive van den Bergli reactions, and resolution is 
not assured until the van den Bergli reaction (by the ring test.) becomes negative. In all 
cases in which data were available to show that, in the presence of fluid, the icterus index 
curve turned in the zone 11 to lo, thus far there have been no fatal terminations in the white 
race. 

0. The icterus index 1G.G warrants recognition as the "Death Index" in the white 
race in the absence of fluid, for it must be passed if recovery is to be expected. It may be 
regarded as a biologic constant in the white race, and of no significance in the negro. The 
data suggest further that the icterus index 10. apparently of significance in the white race 
in conjunction with the formation of pleura! fluid, is worthy of careful consideration as 
another possible constant. 

In this entire study of icterus, as if occurs in pneumonia and other conditions, it has 
become apparent that many commonly accepted theories on which classifications of jaundice 
are based are not acceptable ns working hypotheses, hence it is advisable not to attempt to 
classify the icterus of lobar pneumonia at the present time. 

The study of the pneumonic icterus, as well as all icterus, is extraordinarily fascinating, 
but like all research, requires that the tests be performed by the research worker himself 
rather than being entrusted to a technician, unless the technician has time and interest to 
devote to the work specifically. It is further advisable that a single individual conduct the 
tests, so that the factor of error will be a constant. 

In pneumonia, induced by a specific organism, it does not follow that only pneumococcus 
pneumonias exhibit icterus. It docs follow, however, that in pneumonias caused by Fried- 
lander’s bacillus, staphylococci, and the hemolytic streptococcus, the interpretation of the 
movements of the icterus is wholly invalidated, for such organisms are not bile soluble. 
Blood cultures, x-ray examinations of the chest, sputum cultures, chest and lung punctures and 
cultures, and autopsies have on several occasions disproved apparent exceptions to the findings 
described above, especially when erroneous clinical diagnoses were made, or when the invading 
organism was other than the pneumococcus. 

Pleural fluid is generally most conspicuous in patients approaching a fatal outcome m 
its presence, frequently being very transient in those that recover uneventfully, but is readily 
demonstrable by timely chest-tap. It may be differentiated from true empyema in that, 
although it is a cellular fluid, the supernatant is bright yellow as contrasted with the more 
or less colorless supernatants of empyema, and its cells, as exhibited by supravital staining 
technic, comprise a relatively high percentage of living macrophages, in contrast with the 
dead polymOrphouuelears of empyema. 

Norman W. Elton, M.D. 

Beading, Pa, September 5, 1033. 
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CLINICAL AND EXPERIMENTAL 


THE MACIIOPOLY C YTE* 


IV. E. Cooke, M.D., Wioan, Enoeand 


'T'HE statement tliat megakaryocytes are occasionally found in the periph- 
eral blood lias been repeated in textbooks and monographs during the past 
thirty years, but I have never seen in blood films a cell which faithfully re- 
sembled the multinucleated giant cell of the marrow; nor have I seen photo- 
micrographs or drawings of the cells so described that are at all convincing. 

There is every probability that these so-called megakaryocytes -belong to 
one or other class of macropolycytes. 

DEFINITION" 

The normal neutrophile polymorphonuclear leucocyte, for brevity called 
the ’ 1 polymorph, ’ ’ measures, in fixed and stained films 10 to 12 and occasionally 
«P to 11 micra in diameter. In certain conditions giant polymorphs measuring 
16 to 20 or more micra in diameter are found, to which the descriptive title 
“Macropolycyte” is given (1927). 

Morphologically there are three types of macropolycytes. The first or 
f 1 resembles the other polymorphs in the blood film in that its nuclear 
structure and fine oxyphil cytoplasmic granules are indistinguishable from those 
in the polymorph. The only differences from that cell are the large size and 
frequent hypersegmentation of the nucleus. 

The Type I macropolycyte is found : (1) in health ; (2) in infections and 
intoxications where there is bonemarrow reaction, e.g., the acute pyogenic 

From the Pathological Department. Wigan Infirmary. 

Kecclvefi lor publication. December 6, 1932. 
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infections, tuberculosis, malaria, the exanthemas, carcinoma, myeloid leucemia, 
and in rabbits with experimental anemia due to ricin or repeated hemorrhages; 
(3) pernicious anemia. 

The Type I macropolycyte is illustrated in Plate II, Figs. 2 to 7. and in 
Plate III, Figs. 9, 10, 11, 12, 13, and 14. 

The Type II macropolycyte resembles the megakaryocyte of the marrow 
in that its nucleus is gnarled and somewhat condensed and may be of the 
simple horseshoe type, or may have as many as 14 segments. The cytoplasmic 
granules are coarse and are not all oxyphil as in the polymorph, but azurophil 
granules are present in varying numbers. 

The cell is found in pernicious anemia and is illustrated in Plate III, 
Figs. 15 to 25. 

The third type of macropolycyte has features of both the preceding types. 
It resembles the Type I cell in having fine oxyphil granules in the cytoplasm, 
while the general nuclear conformation is that of Type II. It differs from both 
in nuclear structure. As the figures on Plate IV show, the nuclear structure 
is a very open meshwork suggesting a deficiency in basichromatin, and the 
bulk of the nucleus appears to be large in comparison to the cytoplasm. The 
nucleus is often rolled and folded ou itself, but hypersegmentation is not fre- 
quentl}- seen. This type like Type II occurs in pernicious anemia. 

the polymorph in health and in infections 

For the better appreciation of the macropolycyte a few remarks on the 
polymorph are necessary. The polymorph enters the blood stream from the 
marrow with a single-lobed nucleus, and as its life in the circulation con- 
tinues, the nucleus becomes more lobulated until toward the end of its existence 
it has four or five segments united by fine strands of chromatin (Plate I). In 
the blood stream, therefore, there are, normally, cells representing the various 
periods from youth to senility, and it was found by Arneth (1904) that the 
numbers of polymorphs with one, two, three, four, or five nuclear segments 
were remarkably constant in health and could be classified on those lines. Our 
average normal count, that is the percentage of cells in the various classes cor- 
responding to nuclear segments, is : 

Class i ii m iv v 

10 25 47 16 2 

This was the average of the counts of 90 normal persons of both sexes 
between the ages of twelve and fifty-five years. The greatest possible care was 
taken to exclude infection at the time the blood was taken, and for two months 
previously. The teeth, throat, nose, ears, chest, abdomen, and urine were exam- 
ined, and in many cases radiograms were taken of the chest and teeth. 

The length of life of the polymorph in the blood stream has been estimated 
on experimental and clinical grounds (Ponder, 1926) (Cooke and Ponder, 
1927) to be approximately three weeks. The figures given above represent a 
polymorph population comparable to infants, children, men, old men, and 
senile men, in which the deaths in the older groups are exactly compensated 
for by the births from the marrow. The figures of the polynuclear count tell us 
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whenever this normal slate becomes altered, whether by the addition of an 
unusually large number of young cells, by the removal or an unusually large 
number of old cells, by both these conditions combined, or by some interference 
with the normal development. 

It will he noted that no class is provided for cells with more than five 
unclear segments. Such polymorphs are rare in normal blood and when they 
do occur they are placed in Class V. 

In infective conditions the percentage of cells of Classes 1 and II is in- 
creased, and the older cells of Classes IV and V rapidly disappear from the 
circulation. The count has, therefore, a left-handed drift, as in the following 
examples : 
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These facts make the appearance of the macropolycvte the more remarkable, 
because, although a fairly rare cell, it is found in infections frequently asso- 
ciated with a polymorphic leucocytosis and always with a left-handed poly- 
nuclear count. 

Before proceeding to further discussion, the moment is opportune to sug- 
gest that, although the Type I maeropolyeyte found in pernicious anemia may 
be morphologically identical .with its prototype found in health and in intoxi- 
cations, the cause of its appearance is probably very different. For this reason 
the Type I macropolycytes of health and of intoxications would be better con- 
sidered together, and the types found in pernicious anemia classed under the 
heading “the macropolycytes of pernicious anemia.” 


THE TYPE I MACROPOLYCYTE IN HEALTH AND IN CONDITIONS OF 
ABNORMAL MARROW ACTIVITY 

1. In Health. — Macropolycytes are extremely rare in health, no example 
icing seen in the blood films of the 90 investigated normal persons that formed 
the basis of our average normal count. Recently, however, I observed a macro- 
polycyte in a man, aged thirty-four years, whose polynuclear count had pre- 
Yiously been included in the original 90. He was reinvestigated, but no focus 

?, Section could be found. The counts of the two occasions were almost 
identical ; 
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The count has a weighted mean of 2.65. which falls close to the average 
mean of 2.74, and within the limits of normality. I think we must accept the 
fact that macropolycytes do very occasionally appear in normal blood films. 

2. In Conditions of Abnormal Marrow Activity . — This type is illustrated 
by the Figs. 2 to 7 in Plate II. 
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Plate I. 


t. If there is any hand of nuclear tissue ®*f;ept ® 
s, those parts must not be considered as e'T rate 


The five classes of the polynuclear count. 

chromatin filament, uniting the nuclear masses, tnose parrs must nut ue ~~ jndctrnte 

segments. Class I, No. 2, Class II, Nos. 3 and 4, Class III, No. 4, Class IV. Ao. 5, » ., 

this point. In Class V, No. 4. the upper segment of the nucleus overlies the segment beio 
but the thin chromatin filament uniting them can be seen on the left. 


Plate II. Fig. 2 is a macropolycvte found in a case of staphylococcal osteomyelitis, 
tvliich had the follovring blood count: 

Total leucocytes 18,000 per c.mm. 

Polymorphs 87 per cent. 

Polynuclear count 41, 43, 15, 1, 0. 

Plate II. Fig. 3 is a macropolycyte from a case of streptococcal septicemia. 

•Total leucocytes 26,000 per c.mm. 

Polymorphs 79 per cent. 

Polynuclear count 34, 43, 21, 2, 0. 
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Plate II. Fips. 4 and are mncropolycytes from a case of mixed infection by Staphylo- 
coccus aureus and Bacillus coli. 

Total leucocytes 23,700 per c.mm. 

Polymorphs SS per cent. 

Polynuclear count -l-', 30, 13, 1, 0. 

Plate II. Pip. 0 shows a macropolyeyte from a case of streptococcal endocarditis. 

Total leucocytes 30,000 per c.mm. 

Polymorphs 70 per cent. 

Polynuclear count 30, 3-1 , 27, 0, 0. 



Fie. 1 — A normal polymorph. 

Si tMacropoSe Typt I °* StaPhy ' OCOCCal osteomyelitis. 

Fie,. 4 aM 5 ’ h from a case of streptococcal septicemia. 

F ““ T> " '• "” m * ““ “*f“- W 

Fit. '■ - «*•« or cn.loe.rdlU,. 

icy to. Type I, from a case of carcinoma of the breast. 

C X 1 . 0 0 0 diameter. ) 


458 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


Plate II. Pig. 7 is a macropolycyte from a case of carcinoma of the breast. 

Total leucocytes 14,500 per cm 

Polymorphs 70 per cent. 

Polynuclear count 35, 36, 20, 2, 0. 

It will be seen that the macropolyeytes have hypersegmented nuclei, al- 
though polymorphs with single and bilobed nuclei predominate in the blood 
films, with, in many cases, an occasional myelocyte. What is the explanation 
of their presence? It is not easy nor particularly important to determine why 
macropolycytes appear in health and in infections, because they are rare and 
do not seem to have any prognostic or diagnostic significance. There are two 
possible explanations of their presence. The first that they represent an occa- 
sional polymorph that has escaped the physiologic mechanism whose function is 
the destruction of aged leucocytes and their removal from the blood stream. 
A polymorph has been imprisoned in some tissue space, exceeded its allotted 
span of life, and continued to develop beyond the normal limits. The result 
is that it has become a giant. The second explanation is that they are cells 
whose development has been altered by an abnormal medium to which they have 
been exposed in the marrow during the first period of their development. 

THE MACROPOLYCYTES OF PERNICIOUS ANEMIA 

1. The Type I macropolycyte is frequently found in pernicious anemia, 
and here again it is necessary to consider the general behavior of the polymorph 
in this disease. Small forms, micropolycytes, are often encountered (Fig. 1, . 
Plate III). These cells measure 10 microns or less in diameter, and the nucleus 
may be single or multilobed. From the micropolycyte all gradations occur up 
to the macropolycyte. As we have seen above in the infective state the poly- 
nuclear count is left-handed. Many uncomplicated cases of pernicious anemia, 
however, show the remarkable state of having an increase in the cells of 
Classes IY and Y, and the count appears to be actually right-handed, as the 


following figures show: 
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This condition is not seen in any mierobic disease. 

It has been pointed out above that no class is made in the polynuclear 
count for cells with more than five lobes in their nuclei, because cells with more 
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than five lobes are rare in normal blood, and if any are found they are placed 
in Class V. In pernicious anemia, on the contrary, hypersegmentation of the 
nucleus in cells of normal size is frequent. The nucleus may have six, seven, 
eight, or even ten or more divisions. Plate III, Pigs. 2 to S are examples of this 



Plate TV. 

Figs. 1 to 12 illustrate the third type of macropolycyte. The figures show* the large bulk 
of the nucleus, the structure of which appears to be a more open meshw'ork than TaormaJ. suS'- 
gesting deficiency in basichromatin. The fine cytoplasmic oxyphil granules are also seen. (Xl»uuv 
diameters. ) 

nuclear hypersegmentation in cells of approximately normal diameter. Plate 
III, Pigs. 9 to 14 are examples of the Type I macropolycyte. Its frequency in 
pernicious anemia contrasts very sharply with its rarity in health and in infec- 
tive conditions, and the cause of its appearance is probably not the same. 
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There are several possible causative factors. Polymorphs of normal size 
with liypersegmontod nuclei accompany the Type I macropolvcyte in this dis- 
ease, and the first thoughts are that there is some biochemical change in the 
plasma that prematurely ages the polymorph and alters its life history; the 
second, that the mechanism for the elimination of old polymorphs is in abeyance. 
The third reasonable hypothesis may he advanced that t lie polymorph is in- 
herently abnormal owing to a defect in its parent, the lieinocytoblast, or in its 
environment. Possibly, too there is a single biochemical defect that is re- 
sponsible for all three conditions. The liver diet, or hog’s stomach alters the 
polymorph picture in a few days. Macropolycvtos and polymorphs with hyper- 
segmented nuclei disappear, and at the same time the morphologically and 
probably also chemically abnormal cells of the hemoglobiniferous series are 
replaced by cells of normal appearance. 

2. The Type II macropolycyte is found only in pernicious anemia, and 
appears in blood films during serious relapses. Almost all the cases in which 
it has been found have had erythrocyte counts of less than 1,000,000 per c.mm., 
and before the ei-a of liver treatment all died within a short time of its ap- 
pearance. After death these large cells are found in the liver and preaortic 
glands in association with islets of megalohlasts. Plate III, Pigs. 15 to 25, 
illustrates the variations in this type of cell. The cells are large, measuring up 
to 24 or more microns in diameter, and resemble the megakaryocyte of the 
marrow. 

3. The third type of macropolycyte, illustrated on Plate IY, is also found 
in pernicious anemia only. Its characteristics have already been described and 
are seen in the figures. Like the second type it is found in grave relapses and 
its appearance before the introduction of modern treatment was of grave prog- 
nostic import. "We believe this cell is a variant of the preceding type and the 
explanation of its presence in the blood stream to be the same. 

These cells do not resemble any embryonic or postnatal blood stream cell, 
nor are they accurate replicas of the megakaryocyte of the marrow. The life 
history would appear similar to that of the polymorph in that they seem to 
commence circulatory existence with a single-Iobed nucleus which later be- 
comes segmented. The length of life we do not know, nor have we any means 
of calculating it. There is considerable doubt about their origin. They may be 
an expression of the abnormal reversion to embryonic type of the marrow 
hemoeytoblast as are the hemoglobiniferous cells in pernicious anemia. On the 
other hand, the cells may not arise in the marrow, but originate in the mesen- 
chyme descendants in the liver and hemolymph glands that have undergone ab- 
normal metaplasia. 


cor. cnusioxs 


L The macropolycyte found in health and in infections has no diagnostic 
!•” significance, and is probably due to the accidental prolonga- 

^ le if e trme of a neutrophile polymorphonuclear leucocyte. 

nicious at e e J^ at \° n f the appearance of the Type I macropolycyte in per- 
is closely related with the factor responsible for the production 
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of hypersegmentation in the nuclei of the polymorph. Whether the factor is 
a biochemical change in the environment or an inherent defect in its parent cell 
is not known. 

3. The Types II and III macropolyeytes may have their origin in the mar- 
row, or may arise from the endothelium of the liver and hemolymph glands. 
In the first case they are products of abnormal reversion of the hemopoietic 
tissue, and in the second of abnormal myeloid metaplasia. 

Photomicrographs by C. F. Hill and W. E. Cooke. 

I most gratefully acknowledge the kind permission of Messrs. Charles Griffin and Co., 
London, to reproduce Plate I from the Polynuclear Count, Dr. Paul Chevalier, for Plate H 
from Le Sang, and the Editors of the Journal of the Royal Microscopical Society for Plates 
III and IV. 
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SODIUM RICINOLEATE*t 


I. An Attempt to Determine Its Action in the Alimentary Tract 


John T. Myers, M.D., Pii.D., E. L. MacQuiddy, M.D., and 
Charles P. Baker, M.D., Omaha, Neb. 


S ODIUM ricinoleate, one of the soaps of castor oil, has been and is at the 
present time, widely used clinically. It appeared to us that an attempt 
would he desirable to determine the site of its action and the mechanism of 
its action when used in the intestinal tract. 

Two methods were employed in the attempt to elucidate these points. The 
first was by means of a dye, Sudan IY or azo-orthotoluene-azo-B.-naphtliol. 
This dye is soluble in oils, ethers, chloroform, fat, fatty acids, and soaps. It 
is insoluble in aqueous solutions. Sudan IV was first used by Daddi in 1S96 m 
a study of fat absorption. When a fatty acid in which Sudan IY has been 
dissolved is saponified, the Sudan IV remains with the fatty acid and the 
result is a pink soap. Also, if the dye is mixed with the soap and hydrochloric 
acid added, the Sudan IV will remain with the fatty acid radical. In view of 
this property of Sudan IV, it would seem to be an acceptable guide as to the 
route taken by the fatty acid radical during digestion. It was found by 
Mendel and Daniels (1912) that Sudan IV fed alone caused no staining of 
the fat depots, hence was not absorbed. This was checked by Gage and Pish 
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(1924) who found that animals fed boiled rice and cooked egg white with 
which Sudan IV was intimately mixed showed no absorption which they could 
detect. 

The second method of attack was discovered by Edmunds in 1877 and 
put to use by S. II. Gage in 1924 in his study on the absorption of fats. In 
this method the minute fat particles (chylomicrons) in the blood were counted. 
Edmunds said. “If fresh, transparent blood serum with a few corpuscles 
shaken out of the edge of the clot be viewed, the scrum is seen tilled ■with a 
nebulous haze of points as is mote laden air in a sunbeam or in the elccliic 
light.” These small particles were counted by means ol a net miciomcter in 
the eyepiece of the microscope and a dark-field illuminator. '1 he particles were 
easily recognized because of their continuous Brownian movement. The tech- 
nic used was that of Gage and Fish (1924) in which a small drop of blood was 
placed on a Xo. 1 cover slip. This was then put on a slide and the excess blood 
pressed out. The preparation was oiled around the edge of the cover slip to 
prevent drying. 

With these two methods the action of sodium ricinoleate in the intestinal 
lumen was studied and compared with that of ordinary fats and fatty acids. 

The literature on the subject of fat absorption is not in strict accord. 
Radziejewski (1868) believed that fats were, for the most part, absorbed as 
soaps. He based this belief on experiments in which he measured the amount 
of soap fed to animals and the amount excreted in the feces. He believed there 
was less in the feces, indicating absorption. Plant (1908) isolated loops of 
small intestine 55 to 75 cm. in length in which he placed fats and soaps. Ac- 
cording to liis findings, neutral fats were slightly absorbed and soaps in greater 
quantity. Such a procedure as Plant’s would, presumably, alter physiologic 
relations considerably. "Whitehead (1909) believed that fats were absorbed 
mostly as soaps with probably a small amount taken up as neutral fat. The 
work of Clark and Clark (1917) indicated that fat could be taken np by the 
leucocytes and transported to the lymphatics in the unsplit form. Bloor (1916) 
said, “The way in which food fat (or at least a part of it) gets from the in- 
testine into the blood lias been quite satisfactorily determined. It is saponified 
m the intestine, absorbed in the water soluble form as soaps and glycerol, 
resynthesized by the intestinal cells and passed into the chyle and thence to 
t e. blood as neutral fat (glycerides) suspended in the plasma in a very finely 
uided condition.” Bang (1918) agreed that fats were absorbed as soaps and 
were changed hack to neutral fats in the intestinal wall. Bloor (1922) still 
C * evcd fats could he absorbed as soaps hut also said that fatty acids 
tb . £j ycercd could he taken up and resynthesized into fats. In 1925 he stated 
a atty acids and glycerol were readily absorbed and that in their passage 
iroug i the intestinal wall they were resynthesized into fats. There was no 
a ement made about the absorption of soaps. 

abso 7 Zar and ( 1929 ) advanced another idea as to the method of fat 

clear s sbowed tliat oleic > stearic, and palmitic acids would make 

render 0 ^ 0 . 1155 W ‘ th ?° dium gfrcoeholate and sodium taurocliolate. This would 
the blood cf aCldS diffusible and so transportable from the intestinal lumen to 
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Perhaps the most commonly accepted theory at present is that neutral fats 
enter the small intestine as such, hut at this point the reaction becomes alka- 
line and the lipase breaks the neutral fat into fatty acids and glycerol. The 
bile aids by breaking the neutral fat into minute particles so that the lipase 
will have access to the neutral fat more easily. The fat then enters the in- 
testinal wall as fatty acid and glycerol where it is resynthesized into neutral 
fat, probably by the lipases found in the intestinal cells. At least the fat is in 
the neutral state by the time the lacteals are reached. 

The question still exists as to the possibility of the absorption of fats as 
soaps. If fats are absorbed as soaps, a soap made from a fatty acid in which 
Sudan IY is dissolved to identitj' the fatty acid radical, in case absorption 
takes place, indicates its eventual deposition by pink fat depots. Also after 
giving the soap, the chylomicron (fat particle) count should increase, as it 
does after a fat meal. According to Bloor, Gillette, and James (1927) the 
chylomicron count, in general, parallels the quantitative determinations of fat 
in the blood. 

In the studies made in this laboratory on the utilization of fats and soaps 
in the intestinal tract, white rats were used. Whenever possible the animals 
were not forcibly fed, but in the ease of the soaps this was necessary. Here, 
under ether anesthesia, -a small catheter was passed into the stomach and the 
soaps introduced. Fearing that ether anesthesia might influence absorption, 
control animals were anesthetized and fed lard. The chylomicron count 
showed the same increase as in unanesthetized animals. All animals were 
starved twenty hours before the experiments. There are shown protocols of 
animals that were fed lard, butter, oleic acid, castor oil and sodium ricinoleate. 
Soaps were well tolerated when fed by mouth. Intraperitoneal injections of 
lard, butter, castor oil and sodium ricinoleate were also made in an attempt to 
detennine if absorption from the peritoneum takes place. The following pro- 
tocols are illustrative of the results obtained. 

PROTOCOLS 

Rat 1, on June 4, was given ether anesthesia at 9:30 A.M. as a control on its effect m 
parallel experiments. It was immediately given a meal of toast and lard in which Sudan It 
had been dissolved. Chart 1 shows the chylomicron curve during the digestive cycle. The 
curve is typical and corresponds to those found by Gage and Fish (1924). June 5 and 0 
tho animal was given stained lard and was chloroformed June 6. The fat of the inguinal, 
dorsal, omental and kidney regions was stained pink, suggesting good absorption. 

Rat 2 was fed soap made from pure lard containing dissolved Sudan IY. A total of 3.1 
gm. of soap was fed in 10 per cent solution from May 11 to May 24. The animal remained 
in good condition throughout and ate corn and oats freely. May 24 the animal was chloro 
formed. The fat in the depots and in the omentum was not stained. There was some pink 
material in the stomach. No evidence of absorption was seen. 

Rat 3, May 25 at 11:00 a.m. was fed toast spread with butter in which enough Sudan T\ 
had been dissolved to give the butter a distinct red color. This was eaten freely. May 2 6 
at 11:45 A. it. the animal was again fed colored butter on toast and ate freely. At 3:15 r.M- 
it was chloroformed. The fat of the mesentery, of the other depots, and around the ki ejs 
was decidedly pink, in color which indicated good absorption of the butter. 
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Rat 4 was fed oleic ncid stained with Sudan IV. The chylomicron count "as made twenty* 
four hours later and the results are shown in Chart 2. On each of the two following days 
the animal was fed 1 c.c. of tho Rtained fatty acid. Four hours following tlio Inst feeding 
the animal was chloroformed. The omental and perirenal fat was stained deeply pink. The 
fat depots of the groin and back were well stained, and there was somo pink fat all through 
the small intestine. Oicic acid was quite irritating and produced some diarrhea, pink material 
appearing in the stools. Despite this, there is evidence that oleic acid is absorbed. 

Rat 5. Oieic acid containing dissolved Sudan IV was saponified and 1 c.c. of an IS per 
cent Eodium oleate solution fed daily for four consecutive days. The results of tho chylo- 
micron count are shown in Chart 3. On two succeeding days the animal was fed 1 c.c. of the 
soap and chloroformed four hours after the last feeding. None of the fat depots were stained, 
although an abundance of pink material remained throughout the lumen of the small in- 
testine. The chylomicron count indicates that there was no fat absorption, as docs the absence 
of stained fat. 
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Chart 2 — Hat 4. chylomicron curve. 



dissol was fed toas t spread with castor oil in which Sudan IV had been 

chlorof 6 twenty-four hours later it was again fed toast and dyed castor oil and was 

none i at 1:30 p,iI - There was pink material in the stomach and small intestine but 
fat do* 1 ° COl ° n l sta ining of the fat in the mesentery, around the kidneys ot in the 
po s m the inguinal or back region was seen, indicating lack of absorption. 

The soa* ? 0-23 gm ' of sodium ricinoleate in which Sndan IV had been dissolved, 

liquid fe - 4 88 3 10 Per CCnt af l ueous s °tution which formed a clear, transparent pink 

fea. Jf dase was given May 9, 1932, and repeated daily until 3 gm. had been 

omental f-w aMmaI . was chloroformed and examined. The fat depots, including the 

tat none inth^ 0 ^ stained - Therc was pink material in the stomach and small intestine, 
good condiHnr, v *- TllC animal had bcen 8 ivcn a b asic diet of com and oatB and was in 
^ * * be tmie of death. There was no evidence of absorption. 

May 3 n‘ te * f 3 S 1 "- of Eodium ricinoleate in 25 per cent solution from May 21 to 

e died of multiple lung abscesses. There was no staining of the mesentery. 
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perirenal fat or fat in other depots. The administration of sodium ricinoleate probably had 
nothing to do with the lung condition. 

Rat 9, at 10:00 A.sr. was fed 0.2 gm. of sodium ricinoleate by means of a tube, under 
ether anesthesia. Chart 4 shows the curve of the chylomicron count, the count being plotted 
on the ordinate and the time on the abscissas. There was no evidence of absorption. 

Rat 10 was injected intraperitoneally with 3 c.c. of stained 10 per cent lard soap. Three 
days later the animal was chloroformed and examined. The perirenal, omental and mesenteric 
fat appeared pink on the surface, but on cutting there was no penetration of stain into 
the fat. The fat depot of the dorsal region was unstained. J\o evidence of absorption was 
seen. 

Rat 11 was injected intraperitoneally with 1 c.c. of butter stained with Sudan IV and the 
injection repeated the following day. Two days later the animal was chloroformed. There 
was no staining in any region, including the back, groin, kidney, mesentery, and omentum. 
The butter and Sudan IV remained in the peritoneal cavity. 

Rat 12 was injected intraperitoneally with 1 c.c. of castor oil in which Sudan TV had 
been dissolved, and this was repeated the following day. Two d ays later the animal was 
chloroformed. The material injected still remained in the peritoneal cavity. The omental, 
perirenal, inguinal and dorsal fat was perfectly white and showed no staining. 

Rat 13 was injected intraperitoneally with 3 c.c. of stained 20 per cent sodium ricinoleate 
and died in three hours. There was no recognizable staining of any body fat. There was 



l X ? 4 S f, 1 S 


HOURS 

Chart 4. — Rat £*. chylomicron curve. 

serous, blood-stained fluid in the peritoneal cavity and the peritoneum was inflamed, but 
this action is not considered specific for sodium ricinoleate. 

There was also noted a very marked increase in the erythrocyte count. We make no 
explanation of this fact, but did note that 2 c.c. of a 10 per cent silver nitrate solution or 
2 c.c. of 2j4 per cent nitric acid injected intraperitoneally produced the same results. 

Eat 14 at 9:15 a.m., was given 2 c.c. of stained 10 per cent sodium ricinoleate, intra- 
peritoneally. At the time of injection the erythrocyte count was 7,960,000 and at 10:05 the 
count had risen to 8,200,000. The animal died before another count was made. Examination 
showed no evidence of fat staining, and there was some fluid in the peritoneal cavity but 
no more than was injected. 

Rat 15, at 10:50 a.m., was injected intraperitoneally with 2 c.c. of stained 5 per cent 
sodium ricinoleate. Examination showed a small amount of blood in the pleural cavities. 
There was some soapy material in the peritoneal cavity but no more than was injected, and t e 
peritoneum was inflamed. There was no evidence of staining of the fat in any region. 
Table I shows the erythrocyte count, white cell count and chylomicron count. 

From the above work, based on the study of fat absorption and deposition 
by the use of Sudan I Y and chylomicron counts, it would appear: 

1. That the neutral fats, butter, lard, and free oleic acid, are absorbe 
from the intestinal canal. 

2. That the neutral fat, castor oil, is not so absorbed. 
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3. That soaps made from lard, butter or castor oil (sodium rieinoleate) 
were not thus absorbed, 

4. That none of the above substances were absorbed from the peritoneal 
cavity. 


TIME 

T0:50 a.m. 
11 :50 
1:10 r.M. 
2:20 
3:00 


T.mii.k 1 
Hat IS 


EUVTIIliOCVTE COUNT WHITE OEM, CO I.' NT CIIVI/I. MICIION COUNT 


8,130,000 8,400 SO 

0,300,000 .>5,700 7.3 

10.010.000 S 

10.810.000 75 
Animal (lied 


DISCUSSION AND SUMMARY OF PROTOCOLS 

The evidence here presented indicates that soaps are not absorbed from 
the alimentary tract. This is in direct contradiction to the conclusions of 
earlier workers who believed that fats are absorbed as soaps, even though a 
s°ap splitting enzyme has never been isolated. This work suggests that fats 
are absorbed as fatty acids and glycerol. We cannot explain the lack of ab- 
sorption of castor oil. Gage and Fish (1924) also found that it was not 
i igested. They suggested, as a possible explanation, the fact that ricinoleic 

abs I 0 "! 31 " 8 m ° re oxy " en t,lan do t,le ordinary fatty acids which are readily 
oil °h t Perliap . s the sarae explanation may be applied to the soap as to the 
ikm ^ Sinee ordmary fat soa P s are not absorbed, this appears to be a ques- 
n ot the soa P group rather than of a specific soap. 

leate^/r ^ 8 intra P eritoneal injection of lard, butter, sodium rieino- 

arenot ob^nVu 1 Stamed wth Sudan W indicated that these fats and soaps 

in^he peritormal * T ^ ° U ™ perfectly -nocuous 

peritoneal cavitj', m marked contrast to the castor oil soap. 

b '“e Motion l!Z te iS 8 ™T°‘, 1 i not abs » rb «> b >' «■« mtestiral mucosa, 
canal. ' T exer * s ™ ,d be llmiled *» tie lumen ol the intestinal 

SUMMARY 

'c®th?i e .S'Ln.f ‘ teS *" at ° lei ' aCiil - bUtte ’ and ’” d ara a Wbed 

intestinaleanal. ”° e '’" lence ttat soal,s or ca » tor » u a™ absorbed from the 
sodium rfeilwf 10 * ,hns butter, lard, lard soaps, eastor oil and 
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the fatty acid radical stained with Sudan IV. No attempt to find other meth- 
ods of absorption was made. 
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SODIUM RICINOLEATE*! 


II. A Study of the Intestinal Flora During Oral Administration 


John T. Myers, M.D., Ph.D., E. L. MacQuiddy, M.D., and 
Charles P. Baker, M.D., Omaha, Neb. 


S ODIUM ricinoleate is used in gastrointestinal disorders which are believed 
to be due to a disturbance within the tract itself. To what extent these 
various disturbances are due to intestinal flora or to products of digestion 
is not known. This paper is a study of the effect of sodium ricinoleate, admin- 
istered by mouth, on the intestinal flora. 

Sodium ricinoleate was probably first used in bacteriologic work by 
Larson, Cantwell and Hartzell in 1919. They found a solution of sodium 
ricinoleate very effective in lowering the surface tension of media, by which 
the growth of bacteria was greatly influenced. 

Albus and Holm (1926) reported that when the surface tension of the 
medium was lowered to forty dynes by means of sodium ricinoleate, the 
growth of Lactobacillus bulgaricus was inhibited, while Lactobacillus acidophi- 
lus grew well at thirty-six dynes. 

♦From the Department of Bacteriology and Pathology and Department of Medicine Uni- 
versity of Nebraska College of Medicine. 

Received for publication, March 6, 1933. 

fTbis study was made possible by a grant from The 'William S. Merrell Company. 
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J[. Frobisher (1926) found that surface tension is an important factor 
in bacterial growth. He used sodium oleate as a depressant but not sodium 
ricinoleate. W. R. Albus (1927), using sodium ricinolcate as a surface tension 
depressant, found that there was a decrease in the number of thing cells in 
cultures of E. coli. 

Pizarro (1927) found that inhibition of bacterial growth was not direct!} 
associated with surface tension. In many instances the greatest inhibition oc- 
curred at higher surface tensions, while broth at lowest surface tension gave 
the maximum development. This indicates that inhibition is due to the chemi- 
cal nature of the depressant rather than lowering of surface tension. Day and 
Gibbs (1928) show that sodium ricinolcate is more toxic to bacteria than other 
soaps. They found that it is not the depression of the surface tension which 
affects the bacteria but some other action, possibly chemical. They reported 
that sodium ricinoleate exerted a more toxic action toward L. acidophilus than 
toward L. bidgaricus. 

Kozlowski (1928) found that sodium ricinoleate in a dilution of 1:5,000 
hilled streptococci isolated from cases of erysipelas, measles, and scarlet fever 
in about seven hours, while control cultures survived for a week or more. 
Growth was inhibited by a dilution of 1 :20,000 or less. Pneumococci were 
dissolved by a dilution of 1 :5,000. C. diphtheria was inhibited by a dilution of 
1 :20,000 and killed by a dilution of 1 -.2,000 in seven hours. S. parahjphosus, 
E. dysenteriae, E. coli, and Strep, fecalis were very resistant to the bacteri- 
cidal and inhibitory action of sodium ricinoleate. He concluded that specific 
cellular susceptibility of the bacteria and the concentration of the soap affects 
its bactericidal and inhibitory action. 

Walker (1924) found the staphylococcus had a marked resistance to soaps 
m general. He found that the laurates had the greatest germicidal action of 
a ny soap. Pneumococci and streptococci were the most readily affected. He 
did not use sodium ricinoleate. 


Spencer (1930) found that sodium ricinoleate, in appropriate amounts, 
completely cleared suspensions of certain species in normal salt solution, not- 
dbly B. tularense. He found that the density of suspensions of some other 
acteria was increased by the addition of sodium ricinoleate and in still oth- 
the density would be increased at one dilution and decreased at another, 
e noted that many bacteria would grow in a 1 per cent solution of sodium 
ricinoleate. Upon observing the action of sodium ricinoleate upon B. tularense 
wit the dark-field illuminator, he found that the individual cells lose their 
re ractility as a whole, but retain a few refractile grannies for a time, which 
ina y disappear, the resulting solution being noninfeetious for guinea pigs. 
i , ^Rerature leaves undetermined the mode of action of sodium ricino- 

nism • TllCFe 1S n0 d ° Ubt tbat bas Some effect upon bacteria bu t the mecha- 
is not clear. Apparently surface tension is not the only factor involved. 

the * ° leCtmg onc of the most common members of the intestinal flora E coli 
was P stnS ee w°, f S ° diUm ricinoleate necessaI T to inhibit growth in cultures 
stools of P v am br ° th Was selected as one medium and a filtrate from 
P ients as another. The latter was chosen because conditions as 
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nearly as possible like those in the intestine were desired. Sodium ricinoleate 
was added to the media in varying amounts. The tubes were inoculated with 
a strain of E. coli isolated from a human source and incubated at 37° 0. for 
twenty-four hours. Then a loopful was spread on a blood agar plate and in- 
cubated for twenty-four hours. Tubes which contained no sodium ricinoleate 
were used as controls. Tables I, II and III give the results: 


Table I 


SODIUM 



TUBES 


Ricinoleate 


1 

o 

3 

4 

10% 


— 

- 

— 


9% 


_ 

— 

— 

_ 

8% 


- 

- 

- 

- 

7% 


_ 

— 

— 

- 

6% 



-f 

-f 

+ 

5% 


+ 

+ 

+ 

+ 

0% 

Plain broth media 

+ 

+ 

+ 

+ 


Table II 


SODIUM 


TUBES 


Ricinoleate 

1 

o 

3 

4 

10% 

- 

- 

- 

+ 

9% 

- 

- 

- 

+ 

8% 

- 

- 

- 

+ 

7% 


- 

- 

+ 

6% 

- 

- 

- 

+ 

5% 

- 

- 

- 

+ 

4% 

+ 

- 

+ 

4 - 

3% 

U- 

- 

4- 

4 . 

2% 

+ 

- 

+ 

■f 

1% 

+ 

- 

+ 

-f 

0% 

+ 

_ 

+ 

J- 


Stool filtrate media 





Table III 




SODIUM 


TUBES 


Ricinoleate 

1 

2 

3 

4 

8.3% 

- 

- 

+ 


7.5% 

- 

- 

+ 

+ 

6.6% 

- 

- 

+ 

+ 

5.8% 

- 

- 

+ 

+ 

5.0% 

- 

- 

+ 


4.1% 

- 


+ 

+ 

0 % 

+ 

•f 

+ 



1 c.c. stool filtrate plus 0.2 c.e. broth 



_ 

Table I demonstrates that at least a 7 per cent solution of sodium ricino- 


leate is required to completely inhibit the growth of E. coli in plain bouillon- 
In filtrate Tubes 2, Table II, there was no growth in any dilution nor in the 
controls. In two series of tubes in which nutrient broth was added to filtrate, 
the growth was inhibited by a 5 per cent solution of sodium ricinoleate while 
in a fourth series the organisms grew in every dilution. In Table III growth 
was inhibited in a 4.1 per cent solution in two series of tubes and in two 
others there was no inhibition in any dilution including the 8.3 per cent 
sodium ricinoleate. Thus, E. coli was quite resistant to the action of sodium 
ricinoleate, as far as growth is concerned. 
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The tubes in which there was growth in every dilution were found to 
have a white precipitate in the bottom resembling a calcium soap. These fil- 
trates were fouud to contain considerable free calcium by quantitative lest. 
The stools of ten patients who were receiving sodium ricinoleate by mouth 
were tested qualitatively for calcium, and it was found to be present in all, 
although in some in small amounts only. This suggests the possibility of so- 
dium ricinoleate being sometimes precipitated as the insoluble calcium salt 
and rendered inactive when the drug is given by mouth and might indicate 
the use of much larger therapeutic doses. 

In Part I of these papers it was found that the soap is apparently not 
absorbed from the intestinal tract. It would therefore appear that any action 
which the drug possesses must be local, and an attempt has been made to 
ascertain whether any local action can be detected by changes in the intes- 
tinal flora. In this, the effect of sodium ricinoleate on the general intestinal 
flora was studied by direct smear and by cultures. Cultures were made on 
ood agar plates, in brain broth and in cooked heart medium because each 
avors a different type of microorganism. No attempt was made to isolate and 

1 Cntify ever - v variety because of the volume of work which would be entailed 
oy such a procedure. 

Sodium ricinoleate was administered orally in 5 or 10 gr. gelatin coated 
capsu es. Thirty to 40 grains were given daily to each adult patient The 
apsules were given thirty minutes before each meal and at bedtime, as the 

R was better tolerated when the stomach was empty. 

l Pa t. A SPeCi r en ° f St ° 01 WaS obtained from eack Patient before sodium ricino- 
moi ,;r adm “ lstered and as nearly as possible weekly thereafter. No stool 
matelv r V"* 0ld WaS USed ’ AU gWare was autoclaved. Approxi- 
75 cl of st i fr ° m thC ° enter ° f the St0Dl ' Vas emulsified with 

into m t? f ® 1SOt ° niC SOdium chloride solution. The emulsion was poured 

for thirtv enm6yer flask ’ sbaken for one and one-lialf minutes, and centrifuged 
h3lf SPeed ’ WMch WaS SUffidmt t0 — material 

inoculated and sldesJ T "T™' ^ ^ SUSpensioi b media were 
stool was determined wJ The P « of each 

as an indicator For stL ,1“ tecW ’ USing br om-thymol-blue 
used. Sodium rio.iJu ! I ^ m ° re acid ’ br °m-cresol-purpl e was 

the stools The JJ? ** m0Uth apparently did n °t influence the P H 0 f 
smears from tW ? ™ treated f ° r eight weeks or longer. The direct 

made from the bra J by Gram ’ S metkod - Gram stains were 

Wood agar t JT m6dia and from a11 varieties of colony on 

to h ° UrS ’ inCUbati ° n 3t 37 ° Tki s -as don? 

thereafter. ° ^ministration of sodium ricinoleate and each week 

is a reproduction lf r ?n p tUdie i d ^ ^ manner and protocols kept. Table IV 
cl «de the others because while Kis consid ored unnecessary to in- 

Wer ° the same ’ 1 1 WGre mmor variations, the general trends 
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Table IV 

Gram Stained Smears. Mrs. M. 


DATE P, 


STOOL 


BLOOD AGAR 


BRAIN BROTH 


HEART MEDIUM 


1932 

3-28 


6.8 Coll 


4-11 6.8 Coli 

Gramf diplococci 
Large Gramf rods 

4-18 6.6 Coli 

Gramf cocci 

Acidophilus 

Welchii 


Coli 

Slender Gramf rods 

Poor growth 
Staph. 


Coli predominant 
Pew Gramf rods 

Coli 

Gramf diplococci 
Pew large Gramf 
rods 


Coli 

Strep. 

Staph. 

Coli 

Many short coc- 
coid Gramf 
rods 


Coli Coli, Strep. Coli 

Gramf spore former Gramf coccoid or- Gramf cocci 
ganisms in chains 


4-25 

6.4 

Coli 

Gramf diplococci 
Acidophilus 

Coli 

Coli 

Gram-f cocci 
Acidophilus 

Coli 

Gramf diplococci 
Welcliii 

Gramf club- 
shaped rod 

5- 2 

6.2 

Coli 

Pew Gram-f- diplo- 
cocci 

Coli 

Coli, Strep. 

Long Gram- rods 

Coli 

Welchii 

Acidophilus 

5-16 

6.0 

Coli 

Gramf diplococci 
Acidophilus 

Coli 

Small 

Coli 

Gramf rods Gramf diplococci 
Acidophilus 

Coli 

Welchii 

Gramf diplococci 

5-23 

6.5 

Coli, Strep. 
Acidophilus 

Gramf diplococci 

Coli 

Coli 

Gramf diplococci 
Small Gramf rods 
in chains 

Coli, Welchii 
Staph. 

Small Gramf 
rods 

6- 2 

6.5 

Coli 

Short Gram+ rods 
Large Gram- rods 
Gram-t- cocci 

Coli 

Coli 

Gramf diplococci 
Strep. 

Coli, Welchii 
Gramf diplococci 
Long Gram- rods 

6-20 

6.5 

Coli 

Gram-f- diplococci 
Welchii 

Small Gram-f rods 
Long Gram- rods 

Coli 

Coli 

Small Gramf rods 

Coli, Welchii 
Gramf diplococci 


Patient was given forty grains 

sodium ricinoleate daily for sixty-four days 


SUMMARY 

Tlie daily administration of 30 to 40 gr. of sodium ricinoleate by mouth 
for about eight weeks had no evident effect on the character of intestinal 
flora as far as was indicated by direct smear and the cultural characteristics 
observed. AH types of bacteria grew as readily during the administration of 
sodium ricinoleate as before. The ratio of gram-negative to gram-positive 
organisms was not changed. In these patients every stool seemed to contain 
90 per cent or more of gram-negative bacteria, and these were largely colon 
bacilli. The growth of all organisms in the media employed seemed just as 
prolific during the administration of sodium ricinoleate as when no medica- 
tion was given. The P H of the stools was not appreciably altered by sodium 
ricinoleate. Larger doses of sodium ricinoleate might be more effective, for 
some of the drug appears to be precipitated by the calcium in the intestinal 
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contents. This would he especially true in those eases where the Pa was quite 
low. That this could be done with impunity is indicated by tiie fact that 
doses which were comparatively several times larger were given to white rats 
for weeks with no ill effects. For instance, one gram was given daily to one 
rat through a stomach tube, and at no time did it affect its appetite or well- 
being. 

CONCLUSIONS 

1. E. coli was inhibited by 7 per cent sodium ricinoleatc in broth culture. 

2. Sodium ricinoleatc. in the accepted clinical dosage, does not alter the 
intestinal flora as far as can be detected by direct smears and cultures in the 
three media employed. 

3. Sodium ricinoleatc in like dosage by mouth has no demonstrable effect 
on the Ph of the stool. 

4. The gram-negative gram-positive ratio is apparently not changed by 
sodium rieinoleate. 

o. The precipitation of sodium rieinoleate by calcium in the intestinal 
canal is worthy of study, as larger doses might be needed to replace that lost 
in this way. 
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THE VARIATIONS OF THE UREA, TOTAL NONPROTEIN NITROGEN, 
AND CHLORIDE CONCENTRATION IN THE BLOOD 
FOLLOWING GLUCOSE INGESTION* 


Maurice Bruger, M.D., M.Sc.,t and I. Arthur Mirsky, M.D., M.Sc.,f 

New York, N. Y. 

WITH THE TECHNICAL ASSISTANCE OF 

Samuel Member, B.S. 


H ERRICK 1 and Katayama- observed a fall in the chloride content of whole 
blood following the ingestion of glucose in Iranian subjects. An inverse 
relationship between the concentration of glucose and chlorides in the blood has 
also been noted in diabetes mellitus by Gram 3 and McLean , 1 also by Myers . 5 In 
cases of Blight’s disease, Gram 3 has shown that the retention of nonprotein ni- 
trogenous bodies is often accompanied by a reduction in the chloride content and 
conductivity of the blood. As in diabetes mellitus with high blood sugar, he 
assumes that the decrease in conductivity (i.e., salts) represents a regulatory 
process, which tends to stabilize the osmotic pressure of the blood. McLean 6 
has observed that there is a progressive diminution in the plasma cldorides in 
some patients with Bright’s disease up to the time of death in uremic coma, 
and the presumption has been made by others that this decrease may be partly 
explained as an attempt to maintain an osmotic balance in the face of a rise of 
the nonprotein nitrogenous substances in the blood. Experiments reported 
by Ni 7 show that the fall and rise of blood chlorides which occur in pancreatec- 
tomized or normal dogs after the injection of insulin are related to the sugar 
fluctuations, and he assumes such reciprocal changes to be an effort on the part 
of the body at osmotic and other compensations. 

Such compensatory relationships are not uniformly observed during hyper- 
glj’cemia and nitrogen retention and, as we shall attempt to show later, follow- 
ing the ingestion of glucose in normal and diabetic subjects. MosenthaP has 
recently demonstrated that the plasma cholesterol following glucose ingestion 
may either rise or fall markedly as the blood sugar increases, and consequently 
the assumption that a reciprocal variation of these two substances maintains the 
osmotic equilibrium of the blood does not suffice as an explanation for all 
changes. Experiments carried out in this laboratory on the variations of the 
plasma proteins during induced hyperglycemia (to be published later) show 
that the protein fractions of the blood may either rise or fall considerably under 
such circumstances. It is conceivable when reciprocal relationships between eer : 
tain constituents in the blood were not observed, that other substances, the 

•From the Department of Medicine, New York Post-Graduate Medical School and Hospital. 
Received for publication, March 4 , 1933. 

This work was aided by a gTant from the Josiali Macy .Tr. Foundation. 
tOliver Rea Fellow in Medicine. 
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concentrations o£ which were not investigated, may have varied in such a way as 
to maintain a constant osmotic pressure of the blood. 


material and methods 

Sixty glucose tolerance tests were carried out in 54 unselceted subjects. The 
variations of the sugar, urea nitrogen, total nonprotein nitrogen and chloride 
concentrations in the blood were followed at intervals, in most cases, of twenty 
minutes, forty minutes, one hour, two hours, and three hours following the in- 
gestion of 100 gm. of glucose. The test was carried out in every instance in 
the morning, the subject having taken no food since the evening preceding the 
test. The volume output and the sugar content of the urine were also noted. 
The blood sugar was determined in even* case and the patient's tolerance for 
ingested carbohydrate interpreted according to the standards proposed by 
Mosenthal. 0 The variations of the urea nitrogen concentration in the blood were 
followed in 45 cases, the total nonprotein nitrogen in 13, the whole blood chlorides 
In Tf a nd the plasma chlorides in 6. 

The methods employed were as follows: urea nitrogen, gasometric urease 
method of Yan Slyke; 10 total nonprotein nitrogen, Folin and Wu;” sugar, 
°m and Wu; 12 whole blood and plasma chlorides, Short and Gellis. 18 


RESULTS 


TJreo Nitrogen .— Table I illustrates the variations of the urea nitrogen con- 
°* tbe blood in 45 subjects following glucose ingestion. Assuming devia- 
ions of + 1.0 mg. per cent or more of urea nitrogen as significant, the following 
Mings are demonstrated: Progressive Fall: (22 instances) Cases 5 to 8 10° 
Z: ’ 22 ’ 24> 25 ’ 27 ’ 3 °’ 32 t0 34 > 37 > 39 > 41, 43, and 44. Preliminary 

and 42* m c —I’’ (12 mstances) Cascs 2 > 4 > U > 16 > 29 > 26, 28, 31, 35, 38, 40, 
p ‘ . Sl 9 ’uficant Change: (6 instances) Cases 1, 9, 12, 21, 29, and 36 

LahrTZ 6 n 3 -’' ? instances ) Cases 14 > 1S > 23 > and 45. Preliminary Fall and 
ler Ktse: (1 instance) Case 3. 

and ^ pparently > ^ere is no constant reciprocal relationship between the urea 

“ tet? “ f lb v!” 3 ; I ? ses 5 10 8 10 sh ™ a 

(normal * Sen Wbl 6 the blood m " av has returned to the control level 
aSer f aU ^ “ Caaes ^ 35 ’ 38 > 40 > a » d 42 - -tia! S 

blood sugar (hi"h vrnZT f ^ ** a f° ciated ™ th a Persistently elevated 
. ° dr (.mgn prolonged sugar curves). 

more) th f " rCa content of the blood (3 mg. per cent or 

carbohydrate ttiillrTfc™ T °n (9 per cent ) ^th normal 

definitely dL™?!£ a ( ° 5) ‘ ° n the other hand, 5n the 25 subjects with 

six (24 per centum ,^® ar toleranee (high prolonged sugar curves), we record 
group S 24: 27> 32 > 37 ’ 43 ’ and • ** ^ 

(Ca - 3 - 4 and 40X^4) mg ’ ^ ^ ^ ~ Oregon 

nitrogen Start of thThln^l ^ folIowing the ingestion of glucose the urea 
A d ^inution of 1 1 7 ml l mar ™ ° T (aQ<J) faH ° r sh ow marked chaTe 
and evidlVe ; ^ in ab ° Ut 50 P« -nt of tie 

presented that an appreciable fall (3 mg. per cent or 
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Table I 


The Effect of Glucose Ingestion on the Urea Nitrogen Content of the Blood 




UREA NITROGEN 

(.MG 

PER 

100 C.C.) 












URINE 








MAXIMAI 

MAXIMA! 

I, * INTERPRETATION OF 

VOLUME 

CASE 

CON- 

20 

40 

1 

2 

3 

INCREASI 

DECREAS 

E GLUCOSE TOLERANCE 

output’ 


TROL 

MIN. 

MIN. 

UR. 

HR. 

HR. 

ABOVE 

BELOVT 

TEST 

c.c. 








CONTROL 

CONTROI 


PER MIN. 

i 

9.1 

9.1 


9.4 

8.7 

8.7 

0.3 

0.4 

Normal 

1.6 

2 

13.7 

14.7 


13.7 

13.7 


1.0 

— 

Normal 

0.5 

3 

8.9 

6.8 

6.8 

8.9 

12.3 


3.4 

2.1 

Normal 

1.2 

4 

16.0 

20.2 


16.0 

ExZd 


4.2 

— 

Normal 

0.7 

5 

20.9 

20.8 

14.3 

18.6 

14.9 


— 

6.6 

Normal 

2.3 

6 

13.0 

11.2 

11.2 

Slilw 

EWE 

10.1 

— 

2.9 

Normal 

3.6 

7 

7.1 

7.3 

7.1 

7.5 


5.0 

0.4 

2.1 

Normal 

2.4 

8 

15.4 

15.3 

14.2 

15.2 

14.9 

13.9 

— 

1.5 

Normal 

6.2 

9 

13.1 

13.6 

13.6 

13.6 

12.2 


0.5 


Normal 

0.7 

10 

15.3 

15.2 

14.6 

14.9 

13.4 




1.9 

(Renal glycosuria) 
Normal 

1.6 

11 

13.6 

15.6 


13.7 





(Renal glycosuria) 


15.1 

11.7 


• 2.0 

1.9 

Normal 

5.5 


10.6 








(Renal glycosuria) 


12 



9.9 



— 

0.7 

Low 

1.4 

13 

13.8 

12.6 

12.8 

12.6 



— 

1.8 

Low 


14 

15.4 

17.1 

16.3 

17.3 



1.9 

— 

Low 

2.7 

15 

13.1 

12.3 


11.5 

sjfcf 


— 

2.1 

High 


16 

11.6 

12.9 

14.1 

13.8 

W: 


2.5 

0.8 

High 


17 

12.7 

12.2 

11.6 

11.9 

Vft 

10.9 


2.3 

High 

BOB 


9.0 

10.1 

9.6 






(Renal glycosuria) 


18 

9.0 

10.1 


B^B 

— 

Prolonged 


19 

22.0 

19.6 

15.0 

21.4 

19.7 



2.4 

Prolonged 


20 

16.1 

20.7 

15.2 



4.6 

1.1 

Prolonged 

1.5 

21 

8.2 


9.8 

8.7 

9.1 


0.9 


High prolonged 

1.2 

22 

9.7 

10.0 

9.4 

8.7 

7.6 

0.3 

MmfH 

High prolonged 


23 

10.9 

12.1 

11.2 

11.0 

11.5 


1.2 


High prolonged 

1.1 

24 

24.2 

21.9 

22.0 

19.9 

22.1 


— 

4.3 

High prolonged 

2.1 

25 

11.1 

12.0 

11.2 

9.9 

9.6 

9.7 

0.9 

1.5 

High prolonged 

2.6 

26 

6.9 

5.7 

5.9 

8.3 

7.2 

5.4 

1.4 

1.5 

High prolonged 

4.2 

27 

16.3 

15.0 

15.4 

iraHl 

13.4 


— 

2.9 

High prolonged 

4.1 

28 

11.5 

11.9 

11.4 

12.8 

10.7 

11.4 

1.3 

0.8 

High prolonged 

Mu 

29 

22.0 

15.1 


14.7 

15.1 




High prolonged 


30 

19.6 

14.7 

21.4 

19.7 


— 

2.4 

High prolonged 


31 

13.2 

14.1 

13.8 



1.5 

— 

High prolonged 

1.3 

32 

16.7 

14.4 

11.6 

12.5 

10.7 

9.6 

— 

7.1 

High prolonged 


33 

16.5 

13.7 

15.3 


15.8 


— 

2.8 

High prolonged 


34 

6.5 

5.2 

16.9 






1.3 

High prolonged 


35 

15.1 

16.4 

16.7 

15.5 


1.8 

— 

High prolonged 

m 3^./: 

36 

17.1 

17.6 

16.5 


17.0 


0.5 

0.6 

High prolonged 

1.4 

37 

14.5 

12.1 


11.4 

12.0 



3.1 

High prolonged 


38 

11.8 

13.7 

14.4 

11.7 



0.1 

High prolonged 

1.9 

39 

15.1 

14.8 

13.6 

12.2 



2.9 

High prolonged 

2.1 

40 


11.0 


13.4 

10.4 



— 

High prolonged 


41 

12.3 

23.1 

11.4 

11.0 



1.3 

High prolonged 


42 



40M 

21.2 



— 

High prolonged 

2.2 

43 

18.8 

19.8 


12.5 

12.5 


1.0 

6.3 

High prolonged 

1.2 




13.7 

14.8 





(Renal glycosuria) 


44 

16.2 

14.2 

12.9 



3.3 

High prolonged 

2.1 










(Renal glycosuria) 


45 

11.9 

13.4 

12.4 

11.9 

16.2 



— 

High prolonged 

3.5 










(Renal glycosuria) 

_ - 


•Calculated from the total urine volume output following- the glucose ingestion until the 
termination of the test. 


more) occurs more often in subjects with diminished carbohydrate tolerance 
than in those exhibiting normal toleranee for sugar. 
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Total Nonprotein Nitrogen . — Table II illustrates the variations of the to- 
tal nonprotein nitrogen content of the blood and the sum total of the nonprotein 
nitrogenous substances excluding urea in thirteen subjects following glucose in- 
gestion. The following findings are demonstrated : 

1. The total nonprotein nitrogen may rise or (and) fall or remain un- 
changed. 

2. The total nonprotein nitrogen shows a progressive fall in many instances 
and is paralleled by the variations of the urea nitrogen in Cases 6, 22, 26, 30, 
and 37. In these instances, the diminution in the total nonprotein nitrogen is 
due mainly to the decrease in the urea nitrogen fraction. 

3. The sum total of uric acid, creatinine, amino acid, and rest nitrogen may 
either rise or (and) fall or show no marked change. 

Whole Blood and Plasma Chlorides . — Table III shows the variations of the 
whole blood and plasma chlorides in seventeen and six cases respectively follow- 
ing the ingestion of glucose. In the six instances with plasma chloride studies, 
simultaneous determinations of the whole blood chlorides were made. The follow- 
ing findings are demonstrated : 

1. A reciprocal relationship between the whole blood chlorides and sugar 
in Cases 46, 48, 50, 32, 52, 53, 55, and 56. In the first three cases, the fall and 
subsequent rise in the chlorides are associated 114111 an increase of the blood sugar 
and a later return to the control level (normal and high sugar curves). In the 
latter five instances, the persistent diminution in the chloride accompanies a 
prolonged elevation of the blood sugar (high prolonged sugar curves). 

2. Nine subjects shoiv either no change or an augmentation of the whole 
blood chlorides. 

3. The variations of the plasma chlorides parallel the whole blood chlorides 
in Cases 52, 55, and 56. In Cases 47, 48, and 49, the changes in the blood 
chlorides are due mainly to variations of the chloride content of the plasma. 

DISCUSSION 

In 1916, Hiller and Mosenthal 14 showed that the ingestion of 100 gm. of 
glucose by normal individuals w r as not accompanied by hydremic plethora. "We 
carried out hematocrit studies in a few 7 instances, and we w'ere able to satisfy 
ourselves that little if any blood dilution occurred. In fact, we observed a 
slight degree of blood concentration following glucose administration in some 
cases. The variations of the constituents investigated, therefore, cannot be ex- 
plained by changes which develop in the water content of the blood caused by 
the ingestion of 100 gm. of glucose dissolved in approximately 250 c.c. of water. 

If the variations of the urea and other nonprotein nitrogen fractions of the 
blood and of chloride, plasma proteins, cholesterol, etc., following glucose inges- 
tion represent attempts on the part of the organism to maintain a normal os- 
motic pressure of the blood, then it becomes clear why one constituent (e.g.» 
urea) may rise, fall, or remain unchanged while another substance or substances 
(e.g., chloride, cholesterol, etc.) may vary in such a v r ay that the summation of 
their individual osmotic effects is constant. It is conceivable that the regulation 
is a property residing in all the body tissues and maintained by an interplay 
of the electrolytes and nonelectrolytes in tissue fluid and blood. 
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No apparent, relationship was observed between the degree of diuretic re- 
sponse to glucose and the variations of the several constituents in the blood. 
Urea, as an nonthreshold body, is capable of a “washing-out” process, but 
Mosentlial and one of us 15 have shown that a marked degree of diuresis in 
human subjects does not influence materially the amount of urea cleared by the 
kidney in a unit of time. Obviously, the large amount of urea in tissues and 
blood is not affected appreciably by the increased rate of urine excretion. The 
interesting observation was made that diuresis following glucose administration 
occurred more often and was more marked in subjects exhibiting normal sugar 
tolerance than in those with diminished tolerance for carbohydrate. As a rule, 
mild and severe diabetics arc dehydrated to a greater or lesser extent and for 
this reason it is probable that, glucose ingestion in these cases is less apt to pro- 
duce diuresis. 

SUMMARY 

The ingestion of 100 gm. of glucose by fasting subjects produced the follow- 
ing effects: (A) The urea nitrogen content of the blood may rise or (and) 
fall or remain unchanged. A gradual fall in the urea nitrogen (1 to 7 mg. per 
cent) was observed in 22 out of 45 cases. A definite decrease (3 mg. per cent 
or more) occurred more often in subjects with diminished carbohydrate tolerance 
than in those with normal tolerance. (B) The total nonprotein nitrogen of the 
blood may rise or (and) fall or show no marked change. In many cases, though 
not in all, the variations in the total nonprotein nitrogen were due mainly to 
changes in the urea nitrogen fraction. Irregular changes were noted in some in- 
stances in the sum total of the nonprotein nitrogenous substances in the blood 
other than urea. (C) There was a distinct reciprocal relationship between the 
whole blood and plasma chlorides and the glucose concentration in the blood in 
many instances, though this was not observed in all the cases studied. 

Thei’e was no apparent relationship between the degree of diuretic re- 
sponse to glucose and the variations in the constituents investigated. Diuresis 
following glucose ingestion occurred more frequently and was more marked m 
subjects with normal carbohydrate tolerance than in those exliibiting a dimin- 
ished tolerance for sugai\ 

The hypothesis is suggested that these fluctuations represent an effort by 
the body to maintain a constant osmotic pressure of the blood. The compensatory 
response of urea, total nouprotein nitrogen, and chloride to a rise of glucose m 
the blood is not a uniform reciprocal relation. The varied increase or decrease 
of these substances suggest that the total osmotic pressure is adjusted according 
to the physiologic reserve prevailing in the body at a given moment. 
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THE PERENNIAL TREATMENT OF HAY FEVER* 


A Comparative Study 


Abraham Colmes, M.D., Boston*, SIass. 


TN 1911, Noon 1 and Freeman 2 introduced the method of preseasonal desensiti- 
mtion of hay fever with specific pollen extracts. Their technic consisted of 
the subcutaneous inoculation into a sensitive patient of a number of inereas- 
Htgly potent pollen doses during the course of from ten to fifteen weeks preced- 
the date of expected pollination. "While the merits of this treatment have 
since been generally recognized, the efficacy of their technic has been marred 
by the following objections: the inconvenience caused to the patient bj* the 
necessity of frequent visits to the office or clinic throughout the treatment 
period; the occasional need of a longer treatment period than allotted, in re- 
fractory cases-, and finally, the rapid loss of the patient’s acquired tolerance 
for pollens in the interim between treatment seasons. 

In 1926 Zella W. Stewart 3 suggested the “throughout the year treatment 
of hay fever,” which, she claimed, met the above-mentioned objections ef- 
ectively. By this method the patient is reinjected with an optimal dose of 
Po en extract at intervals of from two to four weeks throughout the year, thus 
maintaining his acquired immunity. In 1927 and again in 1932 Aaron Brown, 4 
w°r - n g independently, described the “perennial” treatment of hay fever, 
°r which lie claimed similarly favorable results. 

sin A ^ dltlona ^ observations on the perennial method of pollen therapy have 
Vitl] ee “ made . b7 Yander Yeer > Cooke and Spain, 5 Figley, 5 Thoinmen," 
all ; ' au ’ ancl Cnger. 9 In their final analysis these authors subscribed to 
~ m ° St of the following advantages of the perennial over the preseasonal 

Ct the Eeth Israel Hospital - 3nd 016 Anaphylactic Clinic 

>evfhed for publication, March 8, 1933, 
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method of hay fever treatment: fewer office visits, better clinical end-results, 
greater convenience to the patient, and the possibility of permanent cures. 
They varied, however, on the incidence of constitutional reactions, which oc- 
curred more frequently by the perennial method in the series of Vander Veer, 
Cooke and Spain, and Thommen, as against a lesser incidence of similar re- 
actions in the series of Piglej-, Vaughan, and Unger. 

The magnitude of the problem of hay fever and the desire to elucidate 
further the merits of this innovation in its treatment prompted the undertak- 
ing of the study set forth in this communication. 

Altogether 52 patients were treated by the perennial method during the 
year ending October, 1932. Of these, 34 patients had formerly received pre- 
seasonal treatment for one or more years and form the basis for comparing 
these two methods on the same group of patients in different years. At the 
same time 46 other patients who received preseasonal treatment in 1932 serve 
as additional material for comparing the perennial and preseasonal methods 
of treatment during the same season, though on different patients. 

In Tables I, II, III, and IV, the results of our observations are tabulated 
under corresponding headings. It is evident that “complete relief” was about 


Table I 

A Comparison of the End-Results in 34 Hav Fever Patients Treated Perennially in 

1932 and Pres eason ally in 1931 



1932 perennial 

1931 preseasonal 

Complete relief 

24 per cent 

12 per cent 

Marked relief 

67 per cent 

70 per cent 

Slight relief 

C per cent 

12 per cent 

No relief 

3 per cent 


Total per cent of good results 

91 per cent 

SS per cent 


Table II 


A Comparison op the Average Number of Doses, Average Amount of Pollen in 1-100 
Dilution and of the Incidence of Constitutional Reactions in 31 Hay Fever Patients 
Treated Perennially in 1932 and Preseasonally in 1931 



1932 

PERENNIAL 

1931 

PRESEASONAL 

Average number of doses 

Average amount of pollen in 1-100 dilution 
Constitutional reactions 

22 

5.60 c.c. 

0.06 per cent 
(1 reaction in 
152 

treatments) 

19 

2.04 c.c. 

0.07 per cent 
(1 reaction in 

131 

treatments) 


Table III 


A Comparison of the End-Results of Hay Fever Treatment Between 52 Perennial 
and 45 Preseasonal Cases in 1932 


Complete relief 
Marked relief 
Slight relief 
No relief 

Total per cent of good results 


PERENNIAL PRESEASONAL 

21 per cent 13 per cent 

73 per cent 71 P er een * ; 

4 per cent 13 per cent 

2 per cent 3 per cent 

94 per cent S4 per cent. 
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Table rv 


A Comparison or tiif. Average KuMnr.it or I)osr.s, Average amount or Pollen in MOO 
Dilution and or the Incidence, or Constitutional Reactions in ;>2 Perennial 
and 45 Preseasonal Cases in 1932 


Average number of doses 

Average amount of pollen in 1-100 dilution 

Constitutional reactions 


PER ENNIAL 

24 

5.S9 c.c. 

O.OG per cent 
(1 reaction in 
150 

treatments) 


rnESEASONAL 

21 

2.02 c.c. 

0.04 per cent 
(1 reaction in 
23G 

treatments) 


(trice as frequent with the perennial method ns compared with the preseasonal 
in both groups, while the instances of “slight relief” and “no relief” were 
more common in the preseasonal group. The amount of “marked relief,” 
however, which the bulk of the patients experienced, was not appreciably dif- 
ferent in the two groups. Altogether the group of 34 patients who were 
treated preseasonally in 1931 and perennially in 1932 obtained S8 and 91 per 
cent of good results in the respective years, while the other two groups, one 
of 45 preseasonal eases and the other of 52 perennial cases treated in 1932 
experienced 84 and 94 per cent of good results respectively. For the slightly 
better total good results in the perennially treated cases, each patient re- 
ceived an average of three more doses and a total of about twice as much 
pollen as the preseasonally treated patients. 

As seen from our tables, constitutional reactions occurred with slightly 
greater frequency in the 52 patients treated perennially in 1932 and in the 34 
patients treated preseasonally in 1931. It is well to mention here that alto- 
gether we had 3 constitutional reactions which required adrenalin. Two of 
these occurred in perennially treated patients and one in a preseasonal patient, 
•'ll! other reactions were mild and needed no special medication. 


Table V 

Eleven Cases Who Obtained Better Relief in 1932 by tue Perennial Method 


, __ 

Smtii 


11 Cases | 

4 patients, slight relief 

7 patients, marked relief 

Marked relief 

Complete relief 

Four Cases Who 

Obtained Worse Results in 1932 

by the Perennial Method 

4 Cases >j 

l9ol PRUSEASONAXj 

1 patient, complete relief 

2 patients, complete relief 
. 1 patient, marked relief 

1932 perennial 

Ko relief 

Marked Telief 

Slight relief 


reV f • COnsi<ierable interest is a group of 11 patients who obtained better 
IG m 1932 wllen treated by the perennial method than in 1931 when treated 
i' (.‘seasonally Against these we have 4 patients whose results in 1932 were 
interior to those in 1931. 

the ^ 6 Were Unable t0 standardize the time interval between treatments in 
tolorTn^T 1 Sr ° UP dUe t0 variation in changes in the individual patient’s 
Ce tor P°Nen as determined by repeated serial skin tests and bv the 
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extent of the local reactions from the previous dose. Most patients were 
treated at three-week intervals, some at four-week intervals, while a few pa- 
tients could not maintain their tolerance any longer than two weeks. Two 
patients who had been refractory to treatment in the past received inocula- 
tions practically every week with excellent therapeutic results. In addition all 
patients were given weekly treatments throughout the pollinating season. 

COMMENT 

It is evident from this study that the perennial method of pollen therapy 
which is gaining considerable impetus in its clinical application is not infalli- 
ble. 'While it offers a somewhat higher total of “good results" from treat- 
ment, it proved inadequate in about 12 per cent of our patients who had 
better relief when treated by the preseasonal method. Furthermore, in 
our series, the perennial method necessitated a larger number of visits per 
patient, and it showed no diminution in the incidence of constitutional re- 
actions as compared with the preseasonal method. The one factor that seems 
to be decidedly in favor of the perennial method is the time element which 
permits of sufficient treatment in the refractory type of patient as evidenced 
by two of our cases who required inoculations at weekly intervals, throughout 
the year. 

Of additional interest is the patient’s personal reaction to this newer 
method of treatment. Those who could tolerate treatment at four-week inter- 
vals did not mind the occasional visits, while others who had to come in once - 
every turn weeks, resented the thought of the “endless visits to the doctor.” 
They felt that eight or even seven months of freedom from treatment was a 
desirable period for relaxation. 

Particularly unpleasant were those few instances when patients, 
though satisfied with the preseasonal method, acceded on onr advice 
to the more trying perennial method, only to find the end-results less satis- 
factory. A case in point is the following: F. Y. had complete relief in 1929, 
1930, and 1931 by the preseasonal method of treatment, while in 1932, by the 
perennial method, his relief was only partial, although his maximum dose was 
the same each year. It is apparent that the frequency of administration oi 
pollen doses may in certain instances influence the end-results in therapy. 

As to the possibility of permanent cures by the perennial method, we 
cannot voice any opinion, since this study is based on the experience of one 
year's treatment. Should the permanent results ultimately prove to be better, 
one may disregard the several disadvantages incidental to the perennial 
method of treatment and advocate it with fewer reservations. For the pres- 
ent, however, we must accept this method only as “another method" appli- 
cable in selected cases, the most important indication for its use being refrac- 
toriness to treatment, where the time element is concerned. 

Sight must not be lost of those instances pointed out by Rackemann, 
whose treatment by the preseasonal method may be reduced to six or even 
three doses a year, which is an impossibility by the perennial method in the 

best of hands. 
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Finally, a great many pollen sensitive pntients are treated by the prac- 
titioner who mav find the perennial method more complicated and less safe 
to the patient than the more simple preseasonal method of desensitization. 

SUMMARY 

A comparative study of the perennial and preseasonal methods of hay fever 
therapy indicate that : 

1. The total good results from treatment were somewhat higher by the 
perennial method. 

2. In about 12 per cent of the cases the results obtained by the perennial 
method were inferior to those produced by the preseasonal method of treatment. 

3. The number of treatments per patient were greater by the perennial 
method. 

4. Constitutional reactions occurred with slightly greater frequency in 
the perennially treated group. 

5. The technic of treatment is far more complicated by the perennial 
method, while the convenience to the patient seems greater when treated by 
the preseasonal method. 

Dr. Francis M. Rackemann’s critical review of this manuscript is Iicrcbv gratefully 
acknowledged. 

REFERENCES 

1- Noon, L.: Prophylactic Inoculations Against Hay Fever, Lancet 1: 1572, 1911. 

-■ Freeman, J.: Further Observations on the Treatment of Hay Fever by the Hypodermic 
Inoculations of Pollen Vaccine, Lancet 2: 814, 1911. 

3. Stewart, ZeUa W. : Throughout the Year Treatment of Hay Fever, J. Iowa State M Soc. 

16: 277, 1926. 

4. Brown, Aaron: The Perennial Treatment of Seasonal Hay Fever, J. Allertrv 3: 113. 

1932. ’ 

o. Yander Veer, A., Cooke, IL, and Spain, W. C.: Diagnosis and Treatment of Seasonal Hay 
Fever, Am. J. Med. Sc. 174: 101, 1927. 

■ Brgley, 1C. D.; The Continuous Method of Hay Fever Treatment, J. Allergy 2: 39 
1930. 

7. Coca, A. F., Waltzer, M., and Thommen, A. A.: Asthma and Hay Fever. Springfield, 

R 1932, Charles C. Thomas, pp. 765-767. ° 

9 rrn» gha r’ Warren T - : .Allergy, St. Louis, 1931, The C. V. Mosby Company, p. 255 . 

• “ger, Leon: Perennial Versus Preseasonal Treatment of Hav Fever, J Allerev 3 - 
548, 1932. • 

JO. Raekemann, F. M. : Clinical Allergy, Asthma and Hay Fever, New York, 1931, Ma cmillan 
Company, 319. 



KEFLEX EOSINOPHILIA* 


Felix P. Chilltngworth, M.D., James C. Healy, M.D., and 
Frank E. Haskins, M.D., Boston, JIass. 


S EVERAL years ago one of usf produced emphysema with accompanying 
asthmatic syndrome in dogs by means of an intratracheal ball valve. 
Briefly, this condition was induced by the introduction of a ball valve into 
the trachea which would partially obstruct expiration without, in any way, 
affecting inspiration. Fig. 1 shows the valve in position in the trachea. This 
experiment led the authors to believe that a possible relationship exists be- 
tween eosinophilia and mechanical expiratory dyspnea. 

Previously, Freedman and Jackson 1 produced temporary expiratory ob- 
struction in dogs for the purpose of studying the carbon dioxide values of the 
blood and of alveolar air. Their obstruction was brought about by employing 
a one-way valve attached to a tracheal T-tube. The results were obtained dur- 
ing experiments conducted under anesthesia. 

Later, Pescatori 2 produced respiratory insufficiency by blocking the tra- 
chea with oil or tap water. Under these conditions he reported an eosinophilia 
which ran from 5 to 25 per cent. Unfortunately, it was impossible by this local 
edema method to maintain a constant tracheal pressure. Neither did this 
method permit regulation of the expiratory phase of respiration without 
affecting normal inspiration, because tracheal edema per se will alter both 
phases of respiration. Pescatori believes that the chronic stimulation of the 
tissues resulting from pathologic conditions, such as pneumothorax, pleurisy, 
etc., is of an acidotic nature and that this is the cause of the accompanying 
eosinophilia. To support this theory he poisoned rabbits rapidly with carbon 
dioxide (asphyxia) and obtained a high grade eosinophilia. 

In our experiments blood studies were made before inserting the valve 
in the trachea of dogs to ascertain normal eosinophile values, and daily there- 
after, during intubation. Further studies were carried during the acute 
asthma attacks and lastly at intervals following the spasms. The results of 
these studies are tabulated in Table I. 

Our observation periods for dogs varied from twenty-four hours to seven 
days. During these periods aside from the expiratory dyspnea (asthma attack) 
which was purposely elicited (by exercise or the inhalation of tobacco smoke) 
for blood sampling, the general health of the animals was excellent. 

In this table data are presented showing that., following the retardation 
of the expiratory phase of respiration, the eosinophile count increased on an 


•From the Department of Pharmacology, Tufts College Medical School. 

Received for publication, March 10, 1933. 

tFor complete detail consult "The Experimental Production in Doss j of, Emphj sema v i in 
Associated Asthmatic Syndrome by means of an Intra-Tracheal Ball Valve. J. Exper. 

30: 75, 1919. 
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average of 4 per cent, which was upon occasion increased by exercise or in- 
halation of smoke as high as 18 per cent. The type of respiration thus brought 
about produced in the animals every clinical point required for the diagnosis 
of asthma; and in addition, continued expiratory difficulty resulted in perma- 
nent emphysema. 

In each case the total white cell count increased shortly after intubation, 
in two eases going ns high as 15,000. This leucocvtosis corresponds with that 
found in human heings during exercise. The eosinophile count increased to 
an average of 4 per cent on the first day, and to a maximum of 18 per cent in 
Dog 7 on the fourth day. 

Each of these dogs exhibited cosinophilia after intubation, and developed 
a perfect pulmonary emphysema. Shortly after intubation fine whistling rales 
could be beard all over the chest, which were accentuated by exercise and 



Cls. 1 — Dog 6. weight 13 kilos. Anteroposterior view of Intratracheal ball valve In position.* 

mhalation of irritants. This would indicate the added factor of broncliospasm, 
the total picture being identical with bronchial asthma. Of interest is the 
fall in eosinophile percentage in Experiment 6 following spontaneous extuba- 
tion while physical signs of emphysema persisted. Reintubed this animal again 
* 'owed an eosinophilia but of a higher grade. After exercise or inhalation of 
oiaceo smoke, the eosinophilic count doubled; whereas, after ex tub at ion it 
'ernained at a normal level even though there were definite objective si>ms of 
emphysema. ° 

. ' l ile textbook 3 statement that eosinophilia accompanies emphysema did not 
cal •’ tnie ^ D ° S 6 following valve removal, even though all the desired pbysi- 
an i S \ S ” S Grn P !ly scma such as extension of the areas of pulmonary resonance 
yperresonant percussion note over both lungs were present. In this 
^xiienment the typical wheezing prolongation of the respiratory murmur dis- 

Xla. 10. Time 3 sec. Kv. P. 45 Screens double. Distance 20" Film Eastman duplltlzed. 
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Table I 

Total and Differential White Counts on Indicated Days 
After Intubation 
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*P» Neutrophilcs No significant changes were noted in total number 

L, Lymphocytes of red cells, or in the hemoglobin per cent. 

E, Eosinophiles 
0, Other cells 


appeared with removal of the mechanical factor; and with the return of nor- 
mal expiration the eosinophile count fell from 9 to 1 per cent. The degree of 
emphysema developed in this experiment is shown in Pigs. 2 and 3, the first 
taken before intubation and the second six days later following five days of 
expiratory difficulty. The autopsy report* of this experiment which follows 
is also negative for eosinophiles, but confirms the clinical picture of emphy- 
sema. 

PATHOLOGIC FINDINGS 

"Specimen consists of two lungs. They are pale, soft, and crepitant. The margins 
are ballooned out, almost white in color and the alveoli are quite visible as minute cysts. 
Scattered throughout the upper lobe is a rather irregular mottling of the same process. The 
middle lobe is normal except along the margins and the same is true of the lower lobe. 

"The second lung composed of four lobes shows a similar process, the margins are pale, 
noncollapsed. The upper lobes show a spotty pallor wliich becomes less and less noticeable 
in the lower lobe where only the marginal portion shows this distended condition. 

"Diagnosis. — Emphysema: Bronchi are distended, very pale, contain no visible mucus 
or blood. 

"Smears from bronchi show little mucus, desquamated epithelial cells, few mononuclear 
cells containing pigment. Smears for bacteria were negative, Wright's smear failed to show 
eosinophiles. 

"The striking lesion in the parenchyma is the irregular dilatation of the alveoli, which 
is best seen toward the peripheral portion of lung tissue. Here, the alveolar walls are ex 
tremely thin and anemic, and the alveolar spaces are three to four times as large as normal, 
bordering an area of alveolar dilatation are small patches of collapsed lung tissue. 

"The bronchioles are distended. 

"The walls of the vessels are normal except in a few branches of the pulmonary nrterj, 
wliich contain fibrin clumps that are undergoing organization. 

"The glands along the bronchi and bronchioles as well as the mucosa are normal. The 
cilia stand out clearly, bathed by a very delicate layer of clear mucus. 

"Occasional pigmented mononuclear cells are seen in the alveolar spaces and in tie 

bronchial secretion. 

"Differential count of white blood cells in large vessels shows normal count wi 
eosinophilia. 


♦For which we are 


Indebted to the Department of Pathology. 
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Table II 


NO. 

DIAGNOSIS 

TOTAL YT.C. 

E 

NECROPSY 

AGE 

1 

Emphysema, chronic bronchitis, chronic 
myocarditis 

lljGaO 

4.8 

Necropsy 

71 

Kfl 

Emphysema, carcinoma prostate 

12,200 

0.5 

Necropsy 

58 

Oj 

Chronic bronchitis emphysema 

9,4S0 

4.6 


52 

4 

Bronchial asthma emphysema 

8,800 
to 20,400 

4.5 
to 20.0 


34 

i 

Chronic bronchitis emphysema, lobar 
pneumonia 

10,400 
to 36,000 

G.O 
to 4.2 


60 

i 

Emphysema, chronic bronchitis 

11,20 0 

3.8 


57 

i 

Emphysema, chronic bronchiectasis 

16,200 

rnsrn 


51 
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“Examination of stroma surrounding bronchi and bronchioles shows no increase in 
cellular exudate and no infiltration of eosinopliiles. 

“Small fresh petechial hemorrhages are scattered throughout the lung parenchyma 

“Microscopic Diagnosis. — Parenchymatous emphysema, focal atelectasis; organizing 
thrombi in branches of pulmonary artery; petechial hemorrhages into alveolar spaces.” 

It is difficult to parallel this type of uncomplicated emphysema in human 
beings because such a condition does not call for hospitalization. Table II shovrs 
blood counts in selected cases. (All blood counts reported are averages of five 
or more taken at various times during the patient’s illness.) 



Fig. 2. — Doer 6. Anteroposterior view of chest before intubation, showing: normal lung expansion. 

In these eases of human emphysema all are complicated by pulmonary or 
bronchial pathology, with the exception of Case 2. This case was atrophic and 
of senile type, having no history of cough, and of interest since eosinopliiles were 
practically absent in the blood smears. 

The remaining eases all show a substantial eosiuopliilia. The high eosui- 
opbile count in the bronchial asthma case is explainable on the basis of 
bronchial spasm and expiratory dyspnea. In the remaining eases the em- 
physemas were complicated by chronic bronchitis coupled with a history of 
severe cougli of long duration. During each cough there is a transitory oyer- 
distention of the lung, and this momentary obstruction to expiration is sufficient 
to cause both emphysema and eosiuopliilia and is similar to the eosinophilic 
and emphysema which we have produced experimentally. 
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In order to time the appearance of cosinophilia we studied the values pro- 
duced by expiratory resistance upon medical students. Oral expiiation was 
prolonged by employing a partially blocked flutter valve, the resistance offered 
varying from 20 to 30 mm. mercury pressure. Inspiration was through the 
nose. The results are tabulated in Table III. 

The average time was two and one-fourth minutes, and the average de- 
gree of eosinophilia prior to and during dyspnea was 0.43 per cent and 
7.19 per cent, respectively. In one-third of these cases the average eosino- 
philic was over II per cent. Hence, the eosinophilia occurring during dj’sp- 
nea was approximately sixteen times greater than that prior to dyspnea. 



Dog: 6, Anteroposterior view of chest six days after intubation showing extent of em- 
physema development. 


^ e also believed it worth while to determine whether or not asthma, when 
emporarily relieved by adrenalin medication, was accompanied by changes in 
the eosinophilia count. 


Phil T IV giV6S tilC results obtained in human cases, showing no eosino- 
res 1 V f nSC Under adrenalin - For completeness we have included negative 
does S A Ctailed m TabIe both as t0 spasm relief and eosionphilia change in 
from AVOuld ex P ect lack of relief where mechanical conditions which 
eir nature and location would he the sole, specific and exciting 
expiratory delay and alveolar distention. 


cause 




















































cmu.txfiwoirm, r;r At,.: 


m;ru:x eosi xoriiiw a 


m 


Camp* has reported that the eosinophiles arc markedly increased by ad- 
renalin dosage. Our investigation of this phase is negative both in human 
beings and dogs, and we arc unable to account for Ins positive findings. 

That the other human cases show an eosinophilia is explainable on the 
basis of accompanying respiratory difficulty. 

The possibility of adrenalin raising the eosinophilic index had proved 
negative in our tests as shown in Table 1, and also in Table TV. 

In this short series of human cases of allergic disease accompanied b.\ 
eosinophilia there was no fall in eosinophilic count many hours after* adrena- 
lin, even though the dosage was adequate to give symptomatic relief. This 
continued eosinophilia rules out the possibility of delayed adrenalin action. 

DISCUSSION* 


Prior to the experiments of Pescatori, 2 Freedman and Jackson 1 showed 
that the C0 : content of the blood and alveolar air is raised when expiration 
is partly obstructed, but these authors did not investigate the blood picture. 
One would expect such an increase in CO. tension when the retarded expiration 
was reinforced by an anesthesia. 

The theory advanced by Pescatori, that the increase in eosinopliilcs is 
brought about by the above conditions, is based upon poisoning rabbits rap- 
idly with CO. (asphyxia). By this method he obtained a high degree of 
eosinopliilia, i.e., 35 per cent. 

In the production of asphyxia there is a condition which closely parallels 
our mechanical retardation of expiration, because certainly the second stage 
of asphyxia is characterized by expiratory convulsions. 

The cause of this sudden and apparently selective action accompanying 
bronehospasm, we believe, is due to the overdistention of the alveoli which, 
m turn, initiate reflex peripheral stimuli which brings about a release of 
eosinophiles from blood-forming organs. Garrey and Butler 5 believe a simi- 
lar mechanism is accountable for the temporary leucoeytosis resulting from 
sudden distention of the stomach. 


The degree of individual response varied, as shown in Table III, but 
the striking phenomenon is that in all eases sudden definite eosinophilia de- 
veloped. The rapidity of this eosinophilic release is indicative of reflex action 
upon blood-forming organs and blood reservoirs. The source of these eosino- 
Philes is probably the reservoirs because of the rapidity of response and the 
maturity of the cells (multi lobulated nuclei). 


The leucocytic increase in our experiments is definite. If there were 
nothing specific in the release of eosinophiles their increase should he propor- 
tional to the leucoeytosis. But the percentage increase in leucoeytosis is rela- 
tively small compared to the percentage increase of eosinophiles, which again 
suggests that a release of eosinophiles is probably due to some specific entity. 

Additional evidence that CO. (chemical stimulation) is not the factor 
m o he found in the uncomplicated ease of emphysema in Table IV; also in 
nimal G, Table I, following extubation. In both of these eases the eosinophib 
me ex js not raised although it has been shown by Dautrabande 5 and oth 
■ m m emphysema there is an increase in CO. tension. 
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Recently Martin/ in his study of the effects of exercise upon leucoeytosis, 
investigated also the reactions of the white cells under adrenalin. His results 
show that both exercise and adrenalin increase the total white blood cell count, 
principally the lymphocytes and the polymorphonuclear cells. Investigation 
of the effects of exercise upon the eosinophilic index was negative, although 
our total counts confirmed Martin’s conclusions. Analysis of Martin’s tables 
show that under adrenalin medication the greatest individual increase of 
cosinophiles was 1 per cent. In this case the initial count was 2 per cent be- 
fore adrenalin and 3 per cent after. Other cases in his series show decreases 
under adrenalin, while the remainder show increases varying from 0.05 to 

0.75 of 1 per ceut. Certainly the minor increases reported by Martin could not 
be considered clinical increases, nor do we feel that his reported decreases up 
to 1% per cent under adrenalin are of significance. One would expect just 
such slight variations in individuals. 

As a result of our experiments a physiologic explanation is to presume 
that there is a temporary eosinophilia during the prolonged and forceful 
expiratory act, as for example, in whooping cough, blowing of wind instru- 
ments and glass blowing. That the data relative to eosinophilia in these condi- 
tions are lacking is explained by the fact that counts have not been carried 
out during the period of expiratory exertion. 

It is an established custom for clinicians to associate eosinophilia as a 
definite blood finding of allergic phenomenon. We contend that the “allergic 
doctrine” confuses cause and effect, because in so-called allergic conditions 
there is frequently bronchospasm coupled with alveolar overdistention which 
produces eosinophilia. Eosinophilia, per se, does not suggest certain protein 
avoidance nor does it demand sensitizing tests. 

CONCLUSIONS 

1. Eosinophilia is produced by expiratory delay when accompanied by 
overdistention of the alveoli. 

2. Evidence is offered which suggests that this response is specific and of 
a reflex nature. 

3. Adrenalin does not affect the eosinophilic index. 

4. The evidence available does not warrant the consideration of acidosis 
as a causative factor in eosinophilia. 

5. Physiologic leucoeytosis is not accompanied by eosinophilic increase. 

G. Eosinophilia, per se, is not pathognomonic of allergic diseases. 
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FURTHER STUDIES ON THE CULTIVATION OF EbDAMEBA 
HISTOLYTICA AND A COMPLEMENT FIXATION TEST 
FOR AMEBIASIS* 


H. Tsuchiya, Sc.D., St. Louis. Mo. 


{. CULTIVATION OK ES'DAMEIIA HISTOLYTICA 

T HE general belief that Etulnmcba histolytica does not ordinarily ingest 
intestinal bacteria was contradicted by Bocck and Drbolav 1 on tiic basis of 
their cultural experiments. They showed that the amebas were able to ingest 
bacteria, and consequently, they believed that the organisms might thrive with- 
out access to tissue elements. The work of Dobell and Laidlaw- as well as 
Cleveland and Saunders 3 seemed to strengthen this contention. Dobell claimed 
that certain particular types of intestinal bacteria were especially favorable 
sources of food supply for tbe amebas. By the addition of such organisms, he 
succeeded in maintaining a cultural cycle of the amebas in vitro. Cleveland and 
Saunders cultivated the amebas from apparently baeteria-free amebic abscesses 
in the medium of Cleveland and Collier* 1 and found that the amebas were able 
to multiply very rapidly when Escherichia commvnior. Vibrio comma, and Neis- 
seria catarrhalis were present. 

Though Kofoid and Wagoner 5 believed that either coagulated egg or blood 
was required as a source of food for the amebas, Yorke and Adams 0 considered 
moisture and a suitable temperature (37° C.) to be the only essential factors in 
inducing exeystation of the organism in vitro. They reported that exeystation 
occurred when cysts were placed in either Loeke-serum, broth, or physiologic 
saline and incubated at 37° C. for a few hours, but a total disintegration of 
the organisms occurred in these mediums after several hours’ incubation. In 
new of these findings it occurred to the author that the addition of suitable 
substances to one of these media might result in the survival of amebas beyond 
the stage of exeystation. 

The purpose of this study is to describe a method of cultivation of amebas, 
worked out with these experiments as a background. The details of the method 
have been somewhat modified since the original report on the subject. 7 

The method developed consists of the inoculation of washed cysts into a 
medium tentatively called S. C. medium composed of nutrient broth and a 
mixture of starch and charcoal with and without Dorsett’s egg medium. 8 

Constituents of the Medium. — 1. Nutrient Broth consisted of peptone 
gm., meat extract 3 gm., and NaGl 5 gni. in one liter of distilled water 
m lusted to P n 7.0 and autoclaved at 15 pounds 7 pressure for thirty minutes. 

m P K of the medium within the range of 6.8 and 7.4 also answers the purpose, 
UlW) g h H>c optimum is found to be 7.0. 

UnlvcrSy'school X&Iidne ° f BaCtCrio,OSy ' ImrnunologT and Public Health. Washington 
Wish*) f ° r publication - A PrU 3. 1333. 

criticism during theraSr^ofuils t)OCtor J * Bronfenbrenner for his valuable advice and 
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2. The S. C. Mixture . — This is a thoroughly triturated mixture of rice 
starch and animal charcoal in the proportion of 2 :1 by volume. A small amount 
of the mixture is loosely placed in a small vial and sterilized by dry heat at 
180° C. for forty-five minutes. 

Rice starch provides the amebas with a definite source of assimilable carbo- 
hydrate and inhibits the growth of Blastocystis frequent]}' met with in feces. 
The addition of rice starch by Dobell and Laidlaw to the original medium of 
Boeck and Drbolav has been generally considered as a decided improvement, as 
extremely small grains of rice starch arc readily ingested by the amebas. 

Animal charcoal is used to adsorb ammonia and hydrogen sulphide thus 
reducing their deleterious effects upon the amebas, and inducing a partial 
anaerobiasis in the medium by the adsorption of oxygen. The relative value of 
charcoals of various origins have been studied. Merck’s purified animal char- 
coal and Norit were found to be superior to ot lid’s for this work. The calcium 
phosphate contained in these charcoals acts as a buffer, and also helps to stimu- 
late the metabolic activities of the amebas. It was found that the addition of 
excess calcium phosphate to the medium did not materially increase the growth 
of the amebas, but on the contrary stimulated a marked proliferation of the 
accompanying bacteria, so that the amebas were crowded out. 

Preparation of Washed Cysts . — This is carried out best according to the 
method of Hegner. 0 Formed stool is thoroughly mixed by means of a sterile 
glass rod or spatula in order to obtain a uniform distribution of cysts. Liquid 
stool should first be sedimented, and the supernatant lluid carefully decanted. 
A portion of stool or sediment thus obtained is emulsified with a large quantity 
of water. This is filtered through four layers of gauze into a tall cylinder and 
allowed to stand for a few hours during which time cysts settle to the bottom. 
The process is repeated at least three times, until the sediment is found to he 
composed of the cysts and a small amount of debris. The sediment thus pre- 
pared, as a rule, contains fewer bacteria than are present in original stool. 
There is an especially noticeable reduction of the starch-splitting types of 
organisms, as is indicated by the presence of numerous unchanged starch gran- 
ules in the medium after incubation. 

When sufficient time is not available for the preparation of washed cysts, 
a portion of the sediment obtained from the preliminary filtration is transferred 
to a 15 c.e. centrifuge tube. By an addition of sufficient distilled water, this is 
washed by means of centrifugalization at 1,500 r. per minute for three minutes. 
This process should be repeated at least three or four times. Cysts, thus col- 
lected, were found to grow in the culture medium almost as well as those obtained 
by the slow sedimentation. 

The author 10 recently found that washed cysts remained viable as long as 
nine days when left at room temperature (22° C.) and thirty-five days in a 
refrigerator. Furthermore, irrespective of the stages of development of these 
cysts, they were found to grow to maturity in vitro under favorable environ- 
mental conditions. Hegner, Johnson and Stabler 11 observed that immature 
cysts were able to exeyst in the small intestines of monkeys within three hours 
after being introduced into the stomach. A successful cultivation m vitro, 
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therefore, appears to depend on the number and viability of cysts inoculated, 
but not upon the stage of development of these cysts as prcviouslj consideied. 

Primary Cultures . — At the outset of this investigation, it was thought that 
au introduction of a small bit of an infected stool into the medium was sufficient 
to induce a good growth of the nmebns. Subsequent studies, however, indicated 
that washed cysts were superior for the cultivation irrespective of the number 
of cysts - found in the original stool. Apparently, the growth of the aniebas 
was prevented by multitudes of bacteria present in the original stool. 

A small amount of washed cysts (0.1 c.e. or less dependent upon the number 
of cysts present) is introduced into S c.c. of the broth previously warmed to 
body temperature, and two 4 mm. loopsful of the S. C. mixture ai’e added. The 
tube is now incubated at 37° C. After an incubation period of from twenty-four 
to forty-eight hours, the sediment is at first gently scraped off from the bottom 
of the tube by means of a pipette with a wide terminal opening, and then about 
0.1 c.c. or less is withdrawn carrying with it minute particles of charcoal. The 
am eb as are usually found adhering to the particles of charcoal at the bottom of 
the tube. The organisms, if few are present, therefore, may readily escape 
detection in a material without charcoal. The contents of a pipette are spread 
on a warm clean slide, covered with a cover glass, and examined by means of 
a 10 x eye piece and 16 mm. dry objective, preferably either on a warm stage 
or in a warn chamber. Some of the amebas, at first seemingly quiescent, soon 
begin to project their pseudopodia explosively. Within a. few minutes some 
of them are found crossing the microscopic field with rapidity and in a definite 
direction in an apparent search for food. As a rule, within the cytoplasm of the 
motile amebas there are observed fewer starch granules than within the quiescent 
ones. The amebas, if kept warm and moist, exhibit markedly progressive’ locomo- 
tion, as observation continues. The addition of a small drop of 0.1 per cent 


neutral red helps to differentiate the ectoplasm from the endoplasm without af- 
fecting the motility of the amebas, and facilitates the examination greatly, as it 
gives the endoplasm a pinkish refractive tinge as contrasted with other objects 
3 n the microscopic field. Care should be taken to guard against air currents and 
desiccation of the specimen, as this may interfere with the motility of the amebas, 
thns inducing them to round up and die. 

By the use of this medium, the amebas may often be seen at various stages 
ef development; exeystation, metaeystic development and eneystation as well as 
'vision frequently occur simultaneously. The extent of growth of the amebas 
’ n rnediuna is very striking. Thus, by the introduction of SO cysts, the num- 
ber of the trophozoites was calculated to he 21,200 after forty -eight hours’ in- 
cu Jation in one instance, while, in other instances, 40 cysts gave rise to 13,900 
and 72 cysts to 12,200 trophozoites. 

While the medium seems to be very favorable one for E. histolytica, it does 
no seeni to support the growth of other protozoa. Repeated attempts to grow 
7 C "7 nana ’ aTul williamsi in this medium were without results. The same 
a so olds true to a certain extent with the flagellates such as Trichomonas 
absp im5 Tv Gli ^ omastix mesnili; these organisms grow quite readily in the 
ncc of the S. C. mixture from this medium. Though no plausible ‘explana- 
n can be given at this time, it is suggested that P„ of the medium and the 
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nature of the bacterial contents, as well as the oxygen tension may not be 
suitable for these organisms. 

Subcultures . — Subcultures may be made by inoculating a small amount of 
the sediment from the primary culture to a fresh tube of the original culture 
medium previously wanned to body temperature. Transfers should be made at 
least every forty-eight hours in order to induce a good growth. 

It has also been found that when about 5 c.c. of the S. C. medium is super- 
imposed on a slant of Dorsctt’s medium, an efficient medium for subculturing and 
primary cultures* is obtained. With careful manipulation, this medium serves to 
maintain luxurious growth of the amebas through many generations when trans- 
fers are made at twenty-four-hour intervals. The amount of the inoculum should 
not be greater than 0.05 c.c., as the excess often leads to the overgrowth of the 
accompanying bacteria which interferes with the optimum cultural environment 
for the amebas. 

Maintenance of Cultures . — When washed cysts are first exposed to the action 
of a mixture of equal volume of gentian violet and acrifiavin (1:100 dilution 
each) at 37° C. for one hour, and then inoculated into the S. C. medium on 
Dorsett’s medium slants, the amebas usually maintain growth for as long as 
eight days without further transfer. In these circumstances the lag period be- 
fore detectable evidence of growth is prolonged, but the development thereafter 
is remarkably luxuriant. The long "lag period may be accounted for by the 
amebastatic activities of these dyes, such as had been observed by Churchman 1 * 
in the study of bactcriostasis. The detailed study of this problem will be re- 
ported at a later date. 

Diagnostic Value of the Culture Method . — The superiority of the cultural 
method over the direct microscopic examination and concentration methods for 
detection of amebas in stools was clearly shown by the fact that, of 346 stools 
examined at random for intestinal parasites, 5, or 1.44 per cent were positive 
for E. histolytica • by the direct microscopic examination of the stools, 7, or 
2.02 per cent, by the concentration method of Rivas, 13 and 9, or 2.60 per cent, 
by the use of this medium. In each instance, the final verification of the organism 
was made by permanent preparations which were stained by the method recently 
described by the author. 14 The cultural method, if properly employed, there- 
fore, is of considerable value in the routine diagnosis for the presence of 
E. histolytica. Furthermore, the fact that other endamebas failed to grow in 
this medium adds to its value for diagnostic use. 


II. COMPLEMENT FIXATION TEST FOR DIAGNOSIS OF AMEBIASIS 

Craig 15 has reported positive complement fixation tests in 92 per cent of a 
group of 84 cases of amebic infection, all of which showed the amebas in the 
stools. Recently, Keifer, 10 aided by Craig, reported strongly positive complement 
fixation reactions with the same antigen (prepared from amebic culture in Eoeck 
and Drbolav medium) in 15 out of 19 cases of chronic ulcerative colitis, but 
neither feces nor materials obtained by means of the proctoscope revealed the 
presence of the amebas in these cases. The question naturally arises as to the 

*See additional note in abstract, Further Studies on the Cultivation of Endameba bis 
tolytica, J. Parasit. 20: 143, 1933. 
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significance of the positive reactions in these instances. They might con- 
ceivably be clue to the presence of amebic lesions outside of the intestine. It is 
possible, though unlikely, that the positive reactions were caused by existence of 
complement fixing antibodies in the patient’s scrum for the bacteria in the 
antigen preparation used. Keifcr suggested the possibility that the pyogenic 
infection of the colon in these cases might be superimposed upon a preexisting 
amebic ulceration and cited in support of this the disappearance of symptom 
in some of his cases following antiamebie therapy. There is, however, no direct 
evidence that infection with the amebas was the causative factor in any instance. 
The beneficial effect of emetine therapy by no means constituted proof of 
amebic infection. 

The purpose of the present study is to further investigate the value of 
complement fixation tests in diagnosis using as an antigen the culture in the 
medium devised by the author. 

Reagents.' — One of the obstacles in perfecting the complement fixation pro- 
cedure is the difficulty in separating the amebas completely from the accompany- 
ing bacteria in vitro so as to prepare a specific antigen. The selection of material 
suitable for preparation of the antigen requires utmost consideration, partic- 
ularly with reference to (1) the number of bacteria in the original stool in pro- 
portion to that of the amebas, and (2) the choice of a culture method which will 
further reduce the number of bacteria and will stimulate the growtli of the 
amebas. 


Antigen: For the preparation of the antigen, Craig 17 utilized the Boeck- 
Drbolav medium 1 containing 2 or 3 amebas per microscopic field, while Men- 
endez 18 used the material containing S or 10 per high power microscopic field. 
Hage 1J in his attempt to confirm Izar’s 20 work with the complement fixation re- 
action attributed his failure to a lack of sufficient number of amebas to be 
extracted for the aqueous antigen. Because of the small number of amebas 
present Craig used in his work an undiluted antigen. The number of the amebas 
m the antigen in my study was eonsidci*ably greater than in those of Craig and 
1 enen( Iez; the average number per high power microscopic field being 54. Re- 
peated titrations of the antigen indicated that dilutions lower than 1 :100 showed 
^complementary property. One-fourth of the anticomplementary unit of this 
; 100 dilution was employed in the test. 

in tl P rcsenee °f the amebas only on or below the level of charcoal 

, , C ' ‘ <J ' medium, no preliminary eentrifugalization was deemed necessary to 
am ^ ie Tnatc rial to be extracted. The supernatant fluid above the charcoal 
eln Car . C ^ U ^ r pipetted off. The sediments of at least 24 cultures including the 
an' '/Tri ai ' d Starc ^ wcrc collected and placed in a conical centrifuge tube with 
at slo\v 10n Wal ' m 110rmal salinc solution. This was repeatedly centrifuged 
the no!. .™ til thc sediment contained a comparatively small number of 
nece«o^ n T anymg 1)actcna - Usually, seven or eight centrifugalizations were 
volume of il aCC ° mphsh this end - B - v following the method of Craig, to one 
in o , sodimcnt was add ed ten volumes of absolute alcohol. The mixture 
days SCaled ’ WaS left in ;m in eubator at 37° C. for fifteen 

° )0cn sllabcn vigorously at least three times a day durum this 
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period. At the end of the period, the mixture was filtered through a fine 
filter paper, and the filtrate kept in a refrigerator until used. 

In addition to the above, a second antigen was prepared by evaporating 
10 c.c. of the above extract in an incubator at 37° C. until 1 e.c. mark was 
reached, and the evaporated portions replaced with normal saline solution. 

As controls, extracts were also prepared in a similar way from the ac- 
companying bacteria in the culture medium. 

These antigenic preparations were titrated about every three weeks in 
order to check their potency. 

Other Reagents: The hemolytic system used consisted of a 10 per cent sheep 
cell suspension, guinea pig complement (40 per cent) and rabbit antisheep 
amboceptor. 

Test Proper: In this study, the ice box method of complement fixation was 
employed. To 0.1 e.c. of unknown scrum, previously inactivated at 56° C. for 
half an hour was added one-fourth of anticomplcmentary unit of the antigen, 
and 2 units of complement. The tubes were left in a refrigerator for eighteen 
hours. One-tenth cubic centimeter of 10 per cent red cell suspension and 2 units 
of amboceptor were then added to each tube, and the incubation carried out in 
the water-bath at 37° C. for half an hour. Controls were run with known posi- 
tive sera from cases of proved amebic infection and with normal sera, and the 
usual reagent controls. In the earlier part of the work the patient’s sera were 
tested in various dilutions. The final readings were made after allowing red 
cells to settle sufficiently to the bottom of the tubes. For this purpose, the 
tubes are usually left in a refrigerator for two hours after the removal from the 
warm w r ater-batli. 


RESULTS AND DISCUSSION 
Table I 


Correlation Between Results of Complement Fixation Tests and Ordinary Diagnostic 

Methods* 


CLINICAL DATA 

TOTAL 

CASES 

! COMPLEMENT 
FIXATION 

POSITIVE. 

; ORDINARY DI- 
AGNOSTIC 
METHOD 
POSITIVE 

COMPLEMENT 

FIXATION 

NEGATIVE. 
ORDINARY DI- 
AGNOSTIC 
METHOD 

NEGATIVE 

COMPLEMENT 
FIXATION 
POSITIVE. 
ORDINARY DI- 
AGNOSTIC 

METHOD 

NEGATIVE 

COMPLEMENT 
FIXATION 
NEGATIVE. 
ORDINARY DI- 
AGNOSTIC 
METHOD 
POSITIVE 

No evidence of amebiasis 

130 


130 

- 

— 

Axnebie dysentery 

G 

5 

- 

- 

1 

Carrier of E. histolytica 

8 

s 

- 

- 

“ - 

Suspected amebiasis 

4 

- 

- 

4 

- 

Ulcerative colitis 

5 

- 

5 



Totals 

153 

13 

135 

4 

1 


‘Includes microscopic concentration and cultural examinations of stool and of material 
obtained by proctoscope (in some cases). 


The comparison of examinations of stools and materials obtained by proc- 
toscope with the findings in complement fixation tests with E. histolytica aie 
shown in Table I. Both the feces and sera were found to be negative in 1 
instances. In 13 cases of diagnosed or suspected infection the resiilts weie 
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stool and one a negative scrum with positive stool finding. 

Judging from these observations, a negative reaction would appeal’ to be 
quite significant if the tests were employed in the routine diagnosis, and would 
he of value in eliminating the possibility of amebiasis in a given individual. 
However, if repeated examinations were carried out, the number of positi\c 
stool findings might have been higher than that reported in this study. The 
author’ recently observed the presence of definite encystment cycle in a carrier 
of E. histolytica, as lie had recognized in those of Giardia Imnblia . 2l Owing to 
considerable fluctuations in the number of cysts discharged from day to day, 
it was suggested that the examination of stools be made on alternate days for 
a longer period, rather than six consecutive days as advocated by Dobell." The 
necessity of frequent examination cannot be overemphasized, as is illustrated 
in the following instance : 

In a patient giving the history of protracted diarrhea accompanied by the 
profuse discharge of blood and mucus, the repeated complement fixation tests 
were consistently positive. The repeated examinations of stools and of ma- 
terials obtained by means of proctoscope failed to show any amebas until finally 
on the fourth examination (a warm specimen), motile amebas were detected. 
Among eight individuals free from clinical symptoms but known to be carriers 
of E. histolytica and giving positive complement fixation tests, the cysts were 
detected in the stools only after repeated examinations in some instances. 

Of the 6 patients with amebic dysentery 5 exhibited strongly positive com- 
plement fixation reactions and the initial stool examinations revealed presence 
of 27. histolytica. These patients showed ulcerative areas about the rectum and 
sl gmoid which teemed with actively motile amebae ingesting many red blood 
cells. The remaining case of amebiasis (with positive stool) never showed any 
capacity to fix complement in repeated trials. 

With respect to the 4 eases with negative stools but positive complement 
fixation reaction, the following possibilities may be considered: (1) the amebas 
mi ght have become localized in the tissues only, while the intestinal lumen was 
devoid of their presence (such may occur in case of metastasis to other parts 
of body), (2) there may have been an insufficient number of stool examinations 
to reveal the amebas, or (3) the amebic lesions may have been too high in the 
intestine to permit detection by the proctoscope. Such lesions are frequent, 
judging from the works of Hutchinson 53 and Callender. 24 Clark 25 reported in 
ns study of 186 postmortem examinations in the Panama Canal Zone that the 
u eers were most frequently found in the cecum, the portion where the greatest 
s asis existed. In such, no ulcerations were detectable by the proctoscopic ex- 
aminations. Low 2C claimed that the practical value of sigmoidoseopic diagnosis 

' crj Inu( d' limited, as autopsy often revealed dysenteric lesions in the ceeum 
• n other portions of the large intestine with no rectal involvement. 

ifle J V S intCTe ; St; ’ ng t0 note tiiat ™ fi ve eases diagnosed clinically as chronic 
„ . Ue c °iili s both complement fixation tests and repeated microscopic ex- 
na ions revealed no evidence of amebic infection. 
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111 the majority of tlie cases showing positive complement fixation, there 
were concomitant intestinal protozoan infections with organisms such as 
Giardia lamblia, Chilomastix mcsnili, Evdamcha coli, Endolimax vanu and 
lodamcba ivilliamsi. These, however, did not influence the serologic findings. 
Among those individuals giving negative tests, there were several who harbored 
intestinal protozoa other than E. histolytica-. 

The results of the complement fixation reactions carried out using bacterial 
extracts as antigen consistently gave negative reactions irrespective of the out- 
come of the reaction with the amebic antigen. This confirms the findings of 
Craig as well as Sherwood and Heathman. 27 However, the bacterial extracts 
prepared in this study cannot be considered quite adequate, since the bacterial 
flora is variable according to individuals, and from time to time in the same in- 
dividuals. It is still possible that some of the positive fixations obtained in 
clinically negative eases are due to this factor alone. 

Prior to carrying out the complement fixation tests for E. histolytica, the 
majority of the sera were submitted to Wnssermann or Kahn test or both in 
the Clinical Laboratories of the Department of Internal Medicine. It was 
found that existence of syphilis did not affect the specificity of the test. This 
confirms the previous findings of Craig and also of Sped or. =s 

COMMENT 

Hegner 20 has recently suggested that there arc at least several types among 
the amebas according to their sites of localizations, each differing in their 
morphologic and physiologic characteristics, and that the universal conception 
that the tissue amebas give rise to the .lumen types appears to be erroneous. 
He based his opinion upon histologic studies of the infected intestine • which 
revealed no apparent tissue invasion. Judging from these observations, the 
formation of antibodies in response to the parasitic invasion may be variable 
according to the type of the amebas in question. It may be that antibod}' re- 
sponse is lacking in the case of the lumen and stool types, and this may explain 
the single instance reported above in which there was a negative complement 
fixation reaction with a positive stool. 

Craig 30 has emphasized the fact that carriers, although showing no ap- 
parent symptoms, nevertheless usually presented definite pathologic lesions in 
the intestines at autopsy. It is probable that this explains the positive results 
in the complement fixation reactions in the 8 cases reported in this paper. 

SUMMARY 

1. A new culture medium (S. C. medium) for E. histolytica is described. 
By virtue of its simplicity and apparent efficiency, it is suggested that cultures 
in this medium may be valuable as a part of the routine diagnosis of infections 
with E. histolytica. The culture medium when superimposed upon Dorsett s egg 
slant serves very well for primary and subcultures. The fact that in these medi- 
ums other endamebas fail to grow seems to be of decided advantage in diagnosis. 

2. When complement fixation tests were carried out with an antigen pie- 
pared from amebas cultured in the above medium, the following results were 
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obtained: Of 153 individuals examined, 135 known to be free of amebic infec- 
tion, all were found to give a negative serologic test. Of the remaining IS 
cases, S were known carriers of E. histolytica and gave positive serologic reac- 
tions. Six were diagnosed as clinical amebic dysentery and exhibited positive 
serologic reaction except in one case in which repeated trials failed to show any 
capacity to fix complement. There were 4 cases of ulcerative colitis which 
showed positive serologic tests, but no amebas were detected in the examinations 
of stools. 

Thus, a negative serologic test appears to be quite significant, and valuable 
for eliminating the possibility of amebiasis in a given individual. A positive 
serologic test also seems to be quite specific in demonstrating the presence of 
Endamchn histolytica. 
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A STUDY OP THE SALIVARY AMYLASE IN PATIENTS 
WITH PERNICIOUS ANEMIA 6 


Charles P. Emerson, Jr., B.S., and O. M. Helmer, Ph.D., 
Indianapolis, Ind. 


P ATIENTS ivith pernicious anemia are known to he subject to glossitis and 
often have involvement of the bueeal mucous membrane. Since the ducts 
of the salivary glands open into the oral cavity, it was felt that it would be 
of interest to determine the amylolytic activity of the saliva, in order to ascer- 
tain whether the salivary glands were involved similarly. Carles and Delmas- 
Marsalet, 1 in 1924, reported that the amylolytic power of the saliva was lowered 
in cachectic states, such as tuberculosis, and increased in patients with peptic 
ulcer, indicating a possible parallelism with the gastric juice acidity. 

The gastric juice findings of the patients presented in this paper have been 
previously reported by Helmer, Pouts, and Zerfas. 2 All of the patients had 
an achylia gastrica after histamine stimulation and were clinically and hemato- 
logically typical of pernicious anemia. Healthy adults with normal gastric 
juice acidity after histamine stimulation were used for controls. 


METHOD 


The method employed consisted essentially in the digestion of a starch 
solution with saliva diluted to a suitable concentration and the determination 
of the glucose formed by the resulting hydrolysis. Results, satisfactory from 
the comparative standpoint, were obtained, using a substrate consisting of 5 c.c. 
of a 1 per cent starch solution, unbuffered, and containing no added activating 
substances. Samples of saliva were collected a minimum of two hours after 
the ingestion of food or sweets, the flow of salivary secretion having been 
stimulated by the chewing of paraffin. The saliva was then filtered and dilute 
to a concentration such that 1 c.c. of the solution incubated with the substrate 
for one-half hour at 40° C. would hydrolize between 0.4 mg. and 1.5 mg- 0 


•From the Lilly Laboratory for Clinical Research, The Indianapolis City Hospital and 
the Department of Medicine, Indiana University School of Medicine. 
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glucose. The glucose content of the resultant mixture was determined by the 
revised method of Folin. = 

The limits of true proportionality (0.4 mg. and 1.5 mg.) were determined 
experimentally by the digestion of 1 per cent starch with 1 e.c. samples of the 
same saliva diluted in the following proportions with water: 0.4 per cent, 
0.6 per cent. 0.S per cent, 1.2 per cent, 1.6 per cent, and 2.0 per cent. The 
amounts of glucose that were formed on hydrolysis are shown in Table T. 

Table I 


The Amount or Glucose Produced nv Difeerent Dilutions or the Same Saliva 


SAMPLE 

per cent saliva 

MG. GLUCOSE 

1 

0.4 


2 

0.0 

0.50 

o 

O.S 

O.OS 

4 

1.2 

1.01 

5 

1.6 

1.41 

0 

2.0 

2.0G 


Apparently the small amount of reducing substances ordinarily present in 
soluble starch had little influence on the resultant values, at least so far as a 
comparative effect was concerned, within this range, and it was unnecessary 
to consider a blank determination inasmuch as the same starch was used 
throughout. 

Since the salivary amylase is so active, cotton plugs were placed in the 
pipettes to prevent contamination. Tiie water-bath was carefully regulated, 
and the incubation was carefully timed from the addition of the enzyme to its 
destruction by the Folin-AVu copper sulphate reagent. The starch solution 
deteriorates rapidly at room temperature, so it was either made up daily or 
preserved with toluene, which did not interfere in the determination. 


Table II 

The Amylolytic Activity or the Saliva or Patients With Pernicious Anemia and or 

Normal Controls 



CASE 

DILUTION OF 
SALIVA 

MG. 

GLUCOSE 

UNITS 

Pernicious anemia 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

1.0% 

0.5% 

0.1% 

0.5% 

0.5% 

0.2% 

0.4% 

1.0% 

1.0% 

0.1% 

0.3% 

0.5% 

0.5% 

0.5% 

1.61 

0.65 

0.75 

0.68 

1.04 

1.24 

0.65 

1.68 

1.17 

0.67 

1.22 

1.31 

1.25 

1.42 

161 

120 

750 

136 

208 

620 

162 

168 

117 

670 

406 

262 

250 

284 


1 

o 

o 

4 

i _ 

0.57c 

0.5% 

0.5% 

0.3% 

0.57c 

0.80 

0.73 

0.92 

1.57 

0.5S 

160 

14C 

184 

525 

110 
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For means of comparison, a unit of activitj* ivas adopted, namely, the 
quantity of enzyme necessary to hydrolyze 1 mg. of glucose under the condi- 
tions described. 

RESULTS 

The results of the analysis are shown in Table II. Although the values 
varied enormously among different individuals, determinations on the same 
subject over periods of weeks demonstrated but slight variations. These results 
would indicate that the amylolytic activity of the saliva was not decreased in 
patients with pernicious anemia. Since all of these patients had an achylia 
gastriea, the degree of acidity of the gastric juice bore no relation to the activ- 
ity of the salivary amylase. Furthermore, since patients with pernicious 
anemia have no free hydrochloric acid in their gastric juice, a considerable 
amotuil of starch digestion could take place in the stomach. 

SUMMARY 

1. A technic is described suitable for the quantitative determination of 
salivary amylase. 

2. No demonstrable deficiency could be found in salivary amylase in pa- 
tients with pernicious anemia. 

The authors wish to express their thanks to Doctor L. G. Zerfas for his kind interest 
in the work. 
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SICKLE CELL ANEMIA* 


A Case Report 


R. H. McClellan, M.D., and R. M. Entwislk. M.D., Pittsiiurqu, 1»a. 


T HE importance of careful routine laboratory procedures is often minimized. 

In the case to be reported, the diagnosis, uncertain at first, and the explana- 
tion of several obscure physical findings, were at once made clear by the study 
of the stained blood smears taken by routine. Fradkin and Schwartz’ say: 
“It is only by the accidental discovery of the sickle cells in the routine exam- 
ination that the diagnosis is made.” The word “accidental” should be un- 
necessary. 

A brief review of the usual symptoms and findings in sickle cell anemia 
includes the following: (a) sickling of the red blood corpuscles; certain and 
varying numbers of the red blood corpuscles assuming a crescentic shape; (b) 
anemia, the hemoglobin usually averaging about 50 per cent and the total red 
blood corpuscles about 2,500,000 per c.c.; (c) the liver usually enlarged; (f) 
spleen, at first enlarged, a little later becomes fibrotic and smoother than nor- 
mal; (g) trophic ulcers constantly seen,- (h) heart murmur; (i) abdominal 
pain. Alclen says the last is found in eight ont of eleven published cases, 
while Hein and UcCalla- list abdominal pain as the chief complaint. 

Little is known as to the etiology of this peculiar disease. Eastland and 
Higgins 4 summarized the ideas of various workers, placing the blame for the 
changes in the morphology of the blood on: (1) primary faulty crythropoiesis ; 5 
(2) surface tension phenomena; 0 (3) immediate action of toxic, metabolic, or 
infectious agents upon a racial characteristic; 7 (4) changes in plasma; 8 (5) 
anoxemia. 0 The mechanism and the etiology remain obscure. 

Since 1923 over 100 reports of sickle cell anemia have appeared in the 
literature. In many reported cases the sickle cell anemia was a secondary 
manifestation and the cause of death was eertainly not the anemia. In some 
of these cases treatment failed to change the anemia, while tire symptoms im- 
proved. Examination of healthy negroes showed as many as 16 per cent with 
the sickling tendency hut without anemia. A study of autopsy material from 
* ic negro race by Rich 10 showed 62 instances of sickling in 5,000 autopsies, in 
none of which was the disease suspected. Furthermore, the sickling tendency 

4 °cs not seem peculiar to negroes, since Cooley and Lee 11 describe it in a 
family of Greeks. 

Lawrence 13 reports three cases, not all negroes, in which the morphologic 
c ranges in the red blood cells were found hut in which the classical picture 
so obvious. Recently, Terry, Hollingsworth and Eugenio 13 presented 

^ thC J ° hn C ' ° Iiver Memorial Research Labora- 
Uccoheil f or publication. March 1G. 1933. 
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more than 50 eases showing elliptic erythrocytes without any relation to age. 
sex, color, or blood group, and without relation to sickle cell anemia. A com- 
plete bibliography is given by Fradkin and Schwartz. The blood findings and 
the physical findings so often seen offer an interesting field for further study. 

The treatment of sickle cell anemia is unsatisfactory. In spite of the 
therapeutic measures used, the disease usually proves fatal ; few of the patients 
in the reported cases reaching thirty years of age. Among the procedures, 
splenectomy has been done with varying results. The use of splenectomy is 
based on the hypothesis that the red blood cell destruction takes place chiefly 
in the spleen, and upon the results in hemolytic jaundice. However, this pro- 
cedure gives no assurance of help, although it tends to relieve the excessive red 
blood cell destruction. Stewart, 14 Bell and liis associates, 15 Cooley and Lee, 11 
and Hahn, 10 have reported cases in which splenectomy was done -without cure 
but in which the excessive red blood cell destruction was lessened. Transfusions 
have been tried and invariably give only temporary relief. Liver therapy does 
not give a satisfactory response. The reasonable treatment consists of such 
supportive measures as generous amounts of wholesome food, rest, fresh air, 
and avoidance of infection, with blood transfusion and iron and arsenic to 
combat the anemia. Splenectomy should perhaps be advised as a last resort. 

The differential diagnosis is sometimes difficult. Alden comments that 
tertiary syphilis obscured the diagnosis for mouths in one of his cases and that 
acute appendicitis was strongly suggested in another. Smith 17 reported a ease 
in which congenital hemolytic jaundice was the tentative diagnosis. The en- 
largement of the heart with murmur often leads to the diagnosis of endocarditis. 
Probably the symptoms and findings most commonly suggest congenital hemolytic 
jaundice. However, in this latter condition leg ulcers and joint pains are rare, 
and the spleen is' always enlarged. The laboratory findings of sickle cells and a 
normal fragility of red blood cells confirm the diagnosis of sickle cell anemia. 
Syphilis is readily ruled out with serologic tests. The diagnosis rests upon con- 
sideration of the blood picture, and the typical physical findings. 


CASE REPORT 

J. H., a negro boy, aged ten years, was admitted to the services of one of us, with .1 
complaint of chronic ulcer of the leg. The ulcer was situated over the left external malleolus 
and had been present for over a month. There was no history of trauma. In the past tin. 
boy had been considered “delicate.” He could not play with other boys of his own age be 
cause of dyspnea and shortness of breath. lie had no illnesses but mumps in earh e 1 
hood. No family history relating to his present illness could be elicited. 

Only the positive findings on physical examination will be recorded. His selerae shoved 
a moderate jaundice. The heart was markedly enlarged to the left, and there was a 00 
systolic murmur heard over the mitral area, accompanied by a thrill. The liver was enlarg 
four fingerbreadths below the costal margin, and the spleen was not palpable. There was a 
small nicer over the left external malleolus measuring 7 cm. by 4 cm., with its long axis 
vertical. The ulcer showed a granulating, unhealthy base covered by exudate. The edges 
were slightly undermined. 


THE LABORATORY FINDINGS 

Urine.— I n several dozen specimens albumin was constantly present. Casts appeared at 
intervals and pus was always present. 
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Blood Count. — The red blood cells ranged from 1,500,000 to 2,200,000, and the hem- 
oglobin remained about 45 per cent. The greatest improvement was seen temporarily fol- 
lowing transfusion. Morphology of the red blood cells showed many “sickle” cells (Fig. 1) 
in both wet and stained preparations. This picture remained constant throughout the disease. 
Poikilocvtosis and anisocytosis were always noted. The white blood cells totaled always about 
10,000, a terminal count showing 27,000. The polymorphonuclear cells varied as the total 
white blood cells. Fragility tests showed a normal range. Bleeding time was one and one- 
half minutes, coagulation time two minutes, icteric index 20, and the van den Bergli a positive 
(faint) delayed direct reaction. Wassermann and Kahn reactions were negative. Blood 
cultures showed no growth. Blood chemistry: nonprotcin nitrogen 0G mg.; creatinine, 1.3 
mg.; sugar, 90 mg.; and chlorides, 4G0 mg. Blood group of the patient, father, and mother 
were (Moss) Group IV. Cross match was without change with the father. The father had 
a negative Kahn test. 

Throat cultures were negative on two occasions. Stool negative on four occasions. 

X-ray showed enlargement of heart to the left. Lungs and mediastinum were negative. 



Fig. 1. — Showing the "sickle cells.” 


PATHOLOGIC REPORT 

Gross. — Specimen consisted of a spleen, a small lymph node, and a piece of liver. The 
p cen wag moderately enlarged and of the usual shape. It was firm in consistency and con- 
si erable fibrous tissue was noted throughout. Here and there were round, yellowish nodules 
a soft consistency. The whole spleen was purple, mottled with a large amount of yellow. 

. e ^Bnph node measured only iy 2 by 2 cm. and was soft and of a purple color. The small 
Piece of liver showed nothing in the gross except that it was soft and red. 

inf i * 1CT0sccr P ic - — Sections of spleen showed a thick, fibrous capsule. There was a large 
def 11 '^ ’ tll<! C<mter ^ich was filled with red-staining, necrotic material. Its margins were 
Packed^ . fibrous and chronic inflammatory cells. The pulp of the spleen was 

live C TC ^ ^l°od cells. In the interspaces were many “sxekled” cells. Sections of 

blood 8 °pi e ^ arCas dilatation of the blood spaces. Here also were many “sickled” red 
cytophT 3 T j r ' le . ' IVCr . colts _ showed everywhere clouding and granular changes in their 
matory 3 ™ u e lntcrEtltial tissue was moderately increased, and filled with chronic inflaro- 
sickle eelL Sectl °” s of ] - Tm P h n °de showed sinuses filled with blood, including many 
ae follicles were small and widely separated. 

infarct of -P'een, splenomegalia (sickle cell anemia), chronic 
lymphadenitis. n * C COng03t '° n of liver - 1‘XPerplasia of mesenteric lymph nodes, and ehronic 
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TREATMENT 

The treatment consisted of general measures, as rest in bed, sunlight, and nutritious 
food. The ulcer was treated by elevation of the part, and wet dressings, with no response. 
A transfusion, using the father as donor, was done. After several days some improvement 
in the boy’s general condition, and in the anemia was noted. This improvement was only 
temporary and on the thirtieth day, after consultation, it was decided to do a splenectomy. 
The operation was uneventful, the spleen being removed without difficulty, and a wedge of 
liver taken. Unfortunately, postoperative pneumonia on the third day was followed by the 
death of the patient. Every effort to obtain an autopsy was combated by the parents. 


SUMMARY 

A brief review of the recent literature on sickle cell anemia is given and 
the outstanding symptoms and findings are outlined; the etiology being reviewed 
from the literature. 

Sickle cell anemia being a rare and obscure disease, the treatment is largely 
symptomatic, and seldom successful. 

The diagnosis may he made without difficulty. Too much emphasis cannot 
he placed upon tlxe careful routine examination of the blood, which should 
include wet preparations as well as stained smears. 

The ease presented shows all the characteristic findings of sickle cell anemia. 
Transfusions and splenectomy failed to cure the patient. 
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THE MECHANICS OP SPLEEN VISUALIZATION BY MEANS OF 
METALLIC COMPOUNDS, IN PARTICULAR THORIUM* 


Hiua'er Rudisill, Jr., M.D., F.A.C.P., Charleston*, S. C., and 
Evax Shuts, M.D., Chicago, III. 


S INCE thorium compounds such ns “Thorotrast” are being increasingly used 
for spleen and liver visualization, we believe that all possible information 
as to their action and effects should be made available. Following the original 
reports of Radt 1 and Oka, 2 on the use of a colloidal thorium compound for 
spleen and liver visualization, we began some experimental work early in 1931 
in an attempt to arrive at the exact method of visualization. The reports of 
these workers and R. Jaffe 3 gave the impression that the reticuloendothelial 
cells of organs, such as the spleen and liver, took up the thorium; which ele- 
ment was therefore directly responsible for the x-ray visualization that was 
obtained. 

We used approximately the same thorium preparation as these authors 
had suggested. The method of preparation was essentially that described by 
Blnhbaum, Frik, and Kalkbrenner, quoted in detail by Radt. The actual prepa- 
ration of our thorium compound was done by Dr. Marberg, a biochemist at 
the University of Chicago. It was prepared as follows : 

Freshly precipitated thorium hydroxide, prepared from 20 gm. of thorium nitrate, was 
washed free of electrolyte, suspended in 100 to 150 c.c. of water. The hydrosol was peptized 
by the addition of small amounts of normal hydrochloric acid added to the boiling suspension 
o'er a period of five hours. (Note: The use of the hydrochloric acid is a modification by 
Dr. Marberg, and we believe it makes a less toxic final production.) The final solution (150 
Cc -) contains 20 gm. of thorium nitrate as Th (OH),. This is equivalent to 9.78 gm. of 
thorium or 12.5 gm. of thorium hydroxide. Also equivalent to 0.0653 gm. of thorium per c.c., 
or 0.0833 gm. of thorium hydroxide per c.c. The solution contains 0.06-13 mols of hydrochloric 
acid per liter. Stable at boiling and refrigerator temperatures; also stable toward addition of 
neutral salts and glucose. 


A dog two weeks old weighing 1.4 kilo was x-rayed and showed no spleen 
s adow. On Feb. 21, 1931, 1 c.c. of thorium solution, plus 7 c.c. of normal 
ine, was injected into the anterior fontanel with no clinical ill effect. A film 
3 ten twenty-four hours later showed faint visualization of the spleen. There 
was excellent visualization at forty-eight hours. At ninety-six hours the spleen 
s ac ow was beginning to fade. The liver was possibly denser than the other 
27 P )qq >cloIr ™ a * ^ scera , but could not be definitely differentiated. On Feb. 
Thirt- h SamC tiose o£ thorium solution was repeated at the same site, 
nr!;!, ‘i ° UrS . 5a,er the spleen visualization was again at its maximum. The 
was killed and autopsied Feb. 28, 1931. 

Rccrivca for Publication. January 25. 1923. 
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Microscopic study of sections of the injected spleen showed irregular de- 
generation and cloudy swelling of its cells, especially adjacent to the sinuses and 
capillaries, the latter were crammed with thorium particles, and discrete brown- 
ish particles were scattered diffusely throughout the stroma. The corpuscles 
were relatively unaffected. There seemed to be no tendency for the ingestion 
of the particulate matter (thorium) b 3 ’ the reticuloendothelial cells. 

We next used three dogs about two months of age but varying consider- 
ably in size. Dog 1 was a control, weighing 2,200 gm. The other dogs weighed 
1,100 and 1,600 gm. respectively. All were x-rayed and showed no evidence of 
a splenic shadow. One cubic centimeter of a special colloidal solution of 
mercuric sulphite was administered intravenously to the 1,100 gm. dog. Films 
were taken twenty-four hours after injection and again at forty-eight hours; 
the spleen was not visualized. The 1,600 gm. dog was given 1 c.c. of the 
thorium solution plus 4 c.c. of a mixture of 10 per cent glucose and normal 
saline by the anterior fontanel. There was no systemic reaction. In twenty-four 
hours there was excellent visualization of the spleen, the shadow remaining the 
same density at forty-eight hours. All three dogs were killed within fifty 
horn’s from the beginning of the experiment. At autopsy the only gross change 
observed was in Dog 2 (the one injected with mercuric sulphite) whose spleen 
showed a purplish black discoloration. 

Microscopically the lymphoid cells of the control spleen were normal. 
There were a few particles of hemosiderin here and there, but they were not 
dense. 

The spleen of the “mercury” Dog 2 showed the cells crowded together 
with some swelling and pallor. There were much larger pigmented particles 
than the hemosiderin throughout the sections, but none of the large particles 
(mercuric sulphite) were inside the cells of the reticuloendothelial type. The 
blood vessels were filled with leucocytes and in many places contained much 
of this particulate material. In the spleen from the “thorium” dog there was 
swelling of the stroma and the cells were pale and swollen. The blood vessels 
showed the same type of leucocytic chemotaxis as in the “mercury” dog. The 
Malpighian corpuscles were not appreciably involved. No thorium had been 
taken up by reticuloendothelial cells but the stroma was literally peppered 
with thorium particles. A few macrophages were present and bad ingested 
various quantities of thorium. Those that contained the greater quantity of 
thorium showed a marked degeneration. 

It seemed from the above that simple cloudy swelling might prove to be an 
essential factor in visceral visualization of this type. Therefore, we undertook 
to study it in vivo. We gradually poisoned a three-month-old dog with a 
soluble salt of mercury (bichloride of mercury), giving 1% gr. a day for three 
days, 7 gr. on the fourth das', and 7 gr. intramuscularly on the fifth. T e 
spleen was visualized by x-ray on the fifth day quite clearly, and also on t e 
sixth day but perhaps a little less distinctly. The viscera as a whole seeme 
to show more definitely than usual. The dog was killed on the sixth day 
when acutely ill with mercurial nephritis. 
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Microscopically the spleen showed lymphocytes that were unusually large 
and crowded together. In fact the cells were so pale and swollen that it was 
difficult to differentiate lymphocytes from reticuloendothelial cells, monocytes, 
and etc. 

itfeuwf: 

The method of Oha and lladt for visualizing the spleen by the adminis- 
tration of thorium intravenously seems to be adequate as far as x-ray findings 
are concerned. However, the thorium seems to produce an intense degenera- 
tion of the spleen in doses too small to give clinical signs. The thorium ap- 
pears to be taken up largely by the blood sinuses and lodged in the stroma 
rather than in the reticuloendothelial system. Other colloidal particulate mat- 
ter (mercuric sulphite) is taken up in the same way but does not produce 
x-ray visualization of the spleen apparently because cloudy swelling does 
not result. 

The spleen is visualized if an acute cloudy swelling is produced as in 
bichloride of mercury poisoning, but this visualization is not as marked as that 
obtained with thorium. 

CONCLUSIONS 

1. Intravenous injections of thorium give satisfactory x-ray visualization 
of the spleen. 

2. This visualization of the spleen is due in part to the thorium particles 
Jn stroma and capillaries, but cloudv swelling seems to be also an im- 
portant factor. 
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A STUDY OF PUNCTATE STIPPLING AS FOUND IN THE LEAD 
POISONING OF WILD DUCKS* 


F. M. Johns, M.D., New Orleans, La. 


P UNCTATE or basophilic stippling of erythrocytes has apparently been a 
subject of controversy since it was noted by Ehrlich in 1S85. 1 Stippling was 
first correlated with lead poisoning by Behrend some fourteen years later, in 
1899. 0 A voluminous literature on the subject accumulated, which when sum- 
marized by Pappenheim 3 in 3919, fell far short of proving the mechanism of its 
production, or of a clear-cut clinical conception of its significance. The toxic 
conditions in which stippling was found were well known ; but regarding the 
granules themselves, opinions varied from the toxic granular degeneration 
theory of Pappenheim to the nuclear fragmentation theories of Kreibich 4 and 
Koch. 3 Many of our standard textbooks still quote one or the other of these 
theories, which, in fact, are both undoubtedly wrong. 

Model'll knowledge regarding this phenomenon began with Key in 1924. 6 
Working with rabbits in experimental lead poisoning he proved that the per- 
centage of stippled cells rose and fell in direct proportion to the reticulocyte 
variation, and that the number of reticulocytes was approximately equal to the 
combined number of stippled and basophilic erythrocytes, thus proving that 
stippled cells were immature erythrocytes. Four years later Brookfield 7 con- 
firmed this finding in human subjects. 

Cooke and Hill 8 in a study of the microscopic picture of pernicious anemia 
state that stippling is produced by the remains of the original cytoplasm of the 
erythroblast ; and that the reason for its taking the azur-eosin stain after fixa- 
tion with alcohol may be found in a defect in the immature lipin covering of the 
cells. Lane 0 shortly thereafter agreed with Cooke's hypothesis and further dis- 
proved the old theories by an ultramieroseopic (dark-field) study of stippled 
cells, the granules of which could not be demonstrated in wet or wet-fixed 
films. As all other toxic granular degeneration products or nuclear frag- 
ments can easily be demonstrated by strong indirect illumination, it seems 
thorough!} 1- proved that the accumulation of basophilic staining material into 
clumps in certain young erythrocytes represents an alteration of the proto- 
plasm of these cells that interferes with its ability to remain diffused through- 
out the cell during the process of drying. 

Incidental to a survey of wild fowl in Louisiana to determine the occurrence 
and extent of accidental lead poisoning from ingested shot, a careful blood 
survey was added to the routine pathologic examination. Numerous specimens 
showing all degrees of stippling were encountered. The presence of nucleate 
erythrocytes in fowls enables a direct determination of the degree of poisoning 

•From the Laboratory of Clinical Medicine and Department of Medicine. Tulane Uni- 
versity of Louisiana. 
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necessary to produce stippling. The occurrence of basophilic stippling in large 
numbers of ducks is also of interest in view of the statement by Kej 0 that 
several investigators, including A. S. Minot, had been unable to produce it in 
chickens. 

Wild duck arriving in southern Louisiana in mid-November congregate on 
large shallow lakes formed by inundation of former agricultural reclamation proj- 
ects in the fertile marsh areas. Members of the scaup group, particularly black 
duck and d’eau gris, in feeding on the seeds of an aquatic plant which are 
about the size of ordinary lead shot, find and ingest large numbers of lead pellets 



Fie. 1. — Normal blood of wild duck. 



Fie. 2.- 


shot' present , a< ; ut ? bI ° 0(1 l ° ss >?, acute lead poisoning. Numerous 

p sent in the gizzard that had lo3t only a fraction of their lead content. 


mor ,° ai>C accum ulated during the past few years of intensive hunting. Wet- 
exner;m PrC f QtS a . clinical and experimental study of this lead poisoning, citing 
■wild cl S provdng th at three or four No. 6 shot will usually kill a captive 
species'll tk— av erage incidence of 12 shot were found in 89 ducks of this 
tins investigation, the indhddual variation being from 0 to 140 shot. 

their lead in the P onds relatively free from lead (see Fig. 1) acquire 

a We to be .", appare f ^ a fcw da J' s ’ feeding. Within a week, and while still 
taken on the wing, they present all of the symptoms of an acute lead 
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poisoning (Pig. 2) with tremendous loss of weight, anemia, diarrhea, bile-stained 
mucosa of the gizzard, active hemopoiesis of the long bones of the leg and an 
enormous increase in the number of reticulocytes, which may reach a total of 
/0 per cent of the cells in the peripheral circulation, together with large numbers 
of erythroblasts and megaloblasts. Those that survive this acute poisoning, as 
shown by the presence of numerous shot in the gizzard, and which have lost 
from 20 to 50 per cent of their former weight, now begin to show numerous 
stippled cells (Fig. 3) coincidental with unmistakable changes in the nucleus, 
indicating cell death. The nuclei of many of the slightly basophilic erythro- 
cytes become swollen and pale when stained with Wright’s stain. Stippling 
appears, the nucleus changes position to one side or one pole of the cell. In 
those cells with the largest basophilic granulation, the nucleus appears only as 
a shadow. Fragmentation of the nucleus can be observed as a terminal process 
in these stippled cells, the nuclear fragments staining a definite purple and the 
basophilic granules a deep blue with the polychrome stains. It would seem 
reasonably certain that the direct combination of lead with phosphates on the 



— Chronic lead poisoning- with stippling and nuclear degeneration and fragmenta 
non. .Numerous shot present in the gizzard that had been ground down to show a loss or 6 or 
more grams of metallic lead. 


surface of the erythrocytes and the local liberation of a weak acid, as shown by 
Aub, Reznikoff and Smith, 11 is sufficiently toxic to produce actual cell death. 
The original cell protoplasm, represented by the basophilic stain of the erythro- 
cyte, is not then able to withstand even the momentary effect of still further 
injury in drying, but precipitates or condenses into a granular form. It is thus 
demonstrated that the significance of a stippled cell is that of a dying cell and 
not merely a young cell that may continue to mature in the circulation. This 
visual proof of the chemical selection and untimely destruction bj r lead salts of 
a semimature cell is direct proof that stippling is a pathologic change in the 
sequence of events in the usual maturation of such cells in the peripheral circu- 
lation. 
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LABORATORY METHODS 


A NEW SYPHILIS REACTION, THE JILK.R. II IN CEREBROSPINAL 

FLUIDS* 


Ernst Meinicke, M.D., Hagen-Ambrock I. W., Germany 


T HE procedure for using the M.K.R. II in scrum examination as now widely 
practiced may be briefly summarized as follows: 0.2 c.c. active senim is 
mixed with 0.5 c.c. of a freshly prepared suspension of the blue j\I.K.R. II 
antigen, and the test tubes are well shaken. For reading the results there is 
a choice of four different indicators: 

1 . Macroscopic flocculation reaction-: The flocculation is read like an ag- 
glutination test after one and one-half hours with a hand lens. 

2. Microscopic flocculation reaction: Immediately' after setting up the tests 
drops of the reaction fluid arc taken with a pipette and deposited on level 
slides which must be kept in a moist chamber for one hour, whereupon the 
reaction is read under a microscope with sixty' fold magnification. 

3. Clarification reading: The test tubes are left overnight at room tem- 
perature and the degree of clarification in each tube is then ascertained with 
the naked ey r e. 

4. Centrifugal technic: Immediately after setting up the tests, the test 
tubes are centrifugalized for ten minutes. When they' are taken out of the 
centrifuge, the supernatant fluid is carefully' poured off and the tubes placed 
upside down in a rack. They are examined in half an hour’s time to see 
whether the sediments have run down the sides of the tubes, or whether they 
have remained unaltered. 

In the course of experiments with cerebrospinal fluids which I carried out 
jointly with Dr. Holthaus, it soon became apparent that the dosage of the serum 
test and the various methods of reading it could not be applied without some 
modification to the investigation of spinal fluids. Weak positive spinal fluids, 
in the dosage 0.2 c.c. fluid + 0.5 c.c. antigen suspension, were found to give a 
negative reaction. Thereupon we increased the amount of fluid, at the same 
time decreasing the amount of antigen, for instance: 0.5 c.c. spinal fluid + 0.1 
c.c. antigen suspension. It now showed itself however that, owing to the small 
amount of antigen, the reaction fluid was not turbid as in the serum test, but 
more or less clear from the outset, so that there could be no question of apply - 
ing the clarification indicator to the readings. But neither were the floccula- 
tion reading or the centrifugal technic quite satisfactory'. 

•Received for publication. May 2, 1933. 
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We were therefore under the necessity of searching for a ucio indicator for 
spinal fluid examination ; this we eventually found in sediment reading. If, 
after setting up the tests, the test tubes arc lclt standing overnight at loom 
temperature, a deposit of sediment becomes visible in each tube presenting varia- 
tions in the ease of negative or positive reactions which arc easily recognizable 
with the naked eye. In negative reactions a blue, fairly clean-cut disc-shaped 
sediment forms at the bottom of the tube. In positive reactions there is no 
sign of this blue disc, but the bottom of the tube is covered with a light, 
whitish, filmy sediment, sometimes so slight as to be only distinctly ascertainable 
as sediment with the help of a hand lens. The determinating factor for the 
appreciation of the reaction is always the presence or absence of the character- 
istic blue, disc-shaped sediment. If this is visible, the reaction must be marked 
negative; if not, the result is positive. 


TECHNIC OF THE SPINAL FLUID REACTION' 


1. Reagents. — The same M.K.R. II Standard Antigens are used as for the 
serum tests. Also the 3.5 per cent salt solution of the serum tests is used in 
this reaction ; for this an absolutely pure preparation is necessary, viz. : natrium 
ehloratum pro analysi. 

2. Pipetting the Spinal Fluids. — Small test tubes about 8 cm. in length 
and as exactly as possible 1 em. in diameter (so-called M.K.R. tubes) are used; 
they should be uniformly well rounded at the base. The tubes are placed in a 
perforated tube rack. Care must be taken that the perforations in the lower 
'edge of the rack be of a size which, while preventing the test tubes from 
falling through, leaves as much as possible of the surface of the bottom of the 
tubes open to examination from beneath through the holes in the rack. 

The spinal fluids must be examined in an active state. It is absolutely 
essential that they are thoroughly centrifugalized so as to be entirely free of 
any corpuscular admixture. When the spinal fluids are sent to the laboratory 
from a distance, it is most important that the containers should not be closed 
mih cork, but with rubber stoppers. Nonspecific reactions may sometimes be 
occasioned by the dissolving of certain substances during the transport when 
cork stoppers have been used. 

Each spinal fluid is operated in 3 tubes: in the first, 0.5 c.e. fluid, in the 
second, 0.2 c.c., in the third, 0.1 c.e. 

3. Preparation of the Antigen Suspensions. — The requisite quantity of 
standar d antigen* for the tests is pipetted to the bottom of a large test tube 


preparation of the ar.K.R. ix standard antigen 

freed from rI r n ^r-r' rhe ant 'sen >s made from perfectly fresh beef hearts. The hearts are 
ordinary men ! C wi. f0 that th . e pure heart muscle is left This Is put through an 

on class dishes -the£> \ h ? fine *X chopped-up heart muscle is spread out in a fiat layer 
continued until ’ w Placed In a drying apparatus at from 40 to 50” C. The drying is 
completely rcr.iDfvl ’r.rr Jni. p , ulr> ? f. p f Tatcs , I rom , tpp Blass In hard crusts. These crusts are 
for two days inorfle? t Blass dishes with a knife, and then placed in the incubator at 27" 
hard crusts of the rtrii? L EI 6 its H cinB drled as thoroughly as possible. The relatively large 
mincer, and are then^im ™ ,,scl - „ are r , e ,? ucc<i .d 0 Ema11 pieccs . In an absolutely dry- meat 

Jl Poured Into dry flanks a ml !’ S P that an extremely fine powder results. This 

the antigens, tt t? pe well stopperea and kept in a cool room. In making 

m X their P S r cont S enC ral alfftrCnt heartS ’ because the ir " ual 
content, or Into a ,1° ~ m ‘ o{ J* 1 ® heart powder into an Erlenmeyer flask of 100 cc 

covered with tin foil of V/s the d? rae ^L ze - ^ slaES vessel must he closed with a stounS 

alcohol. Use cxacUv -n , Extract the powder first with ether and afterward w^th 

,0 c ' c - e ther to 10 era. of powder; shake it up several times and let the 
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or pointed glass vial. The tenfold quantity of 3.5 per cent salt solution is put 
into a second tube or vial of the same size. Antigen and salt solution are heated 
separately in a water-bath at from 57 to 58° until they have reached a tem- 
perature of 55-56° C. (about 10 minutes). The right temperature may he 
easily ascertained by means of a thermometer which has been placed at the 
same time in the water-bath in a vial filled with ordinary water. The level of 
the water in the water-bath must be 1 or 2 cm. higher than that of the salt 
solution in the vial in order to ensure uniform heating. If there is not a 
regulated water-bath at disposal, an ordinary tub may be filled with water at 
from 60 to 62° C. and, when the A*ials and control glass have been put in, left 
to cool down naturally to about 57° C. 

After this preliminary heating of the reaction fluids, the salt solution must 
be poured rapidly into the vial containing the antigen, the mixture then poured 
back into the empty glass and back again into the antigen glass. The mixing 
must he executed rapidly, but care must be taken to avoid spilling any of the 
fluid during the manipulation. The freshly prepared antigen suspension is of a 
milky turbid bluish hue; it must be put back at once into the water-bath for 
exactly two minutes for maturing, and then utilized immediately for the tests. 

In most laboratories the examination of spinal fluids will be only a frac- 
tion of the serum examinations. The antigen suspensions for sera and spinal 
fluids being identical, the same antigen suspensions arc of course used for both, 
and it is not necessary to prepare them especially for spinal fluids. 

4. Mixing Spinal Fluid and Antigen Suspension. — To the first tube with 
0.5 c.c. spinal fluid, 0.1 c.c. antigen suspension is added; to the second witi 
0.2 c.c. spinal fluid also 0.1 c.c. antigen suspension, and to the third with 0.1 c.c. 


vessel stand for two hours, shaking’ several times again during this period. Filter off , then 

through an ordinary paper filter, and again add 70 ac. of ether to the powder. 1 time, 

in the same way as before for two hours. Filter off the ether once more. For in hours, 

add 70 c.c. of ether to the heart powder. Shake up several times during the nei ether 

Afterward let the vessel stand undisturbed until the following day, and then i ni has 

off. On filtering the whole powder is as far us possible, put on to the filter. Alter ce( j in 

passed through to the last drop, the filter should be carefully spread out flat _ an *? 0 f 
the incubator at 37° until the next day. The glass vessel in which there still lem.n 
the powder, should likewise be placed in the incubator. By the following da >. . begin 

have evaporated for certain. Put the powder on the filter back again into the doiu , 
with the alcohol extraction. which has 

Alcohol Extraction. — Pour SO c.c. of 9G per cent alcohol over the heart powue p a vs 

been collected as completely as possible in the glass vessel. Let the bottle stanciio the 

at room temperature, thoroughly shaking it several times a day. Then filter on a u 
heart extract at room temperature. extract with 

Adding of Balsam of Tolu and Victoriabluc . — Dilute 10 c.c. of the heart e. t l lC 

90 c.c. of 9G per cent alcohol and add 1.1 gin, of balsam of Tolu to this diiunon jt at 

bottle in the incubator at 37° for two days and shake it several times a da>. Th n * ad( g ng of 
room temperature for a week and filter off through an ordinary paper filter, a 
0.01 gm. of Victoriablue to the filtered Tolu-Antigen it is ready for use. aP . 

Standardization of the M.K.R. II Antigen. — The Antigen thus prepared P t0 pc 

proximately the right lipoid content of 1:10, requisite for the fXPj» n k Tolu in the proportion 
able to weaken or to strengthen it, as the case may be, some balsam of Tom m ..P, ds an( i 
of 1.4 per cent is dissolved in the undiluted alcoholic extract yhich is rj™ The 

some also in an extract diluted 1:100 with alcohol which is extremely poo: r h i Content 
addition of the undiluted extract to the M.ICR. II antigen serves to “grease Its lip m to 

and thus to weaken the sensitivity of the tests; the addition, of the much diluted extra 
lower the lipoid content and thus to make the tests more sensitive. rmsitive and 

The standardization of the antigen must be performed, in testing it Y u U. a K ter iol. 125 : 
negative sera, according to the prescriptions for the M.Iv.R. II (Zentralbl. LB er^ t]jcre 
Pt 1 1932). In case the results in the serum tests should be somewhat too M r E e S «iightlv in- 
shouid be a tendency to unspeciflcity, the lipoid content of th ® /"V ih nther si-philis reactions 
creased If on the contrary, the results are too weak, as compared with other sypmiiy tlgen 
or with the results obtained with a Standard M.K.R. II Antigen, the lipoid content ot uie a 
in question has to be somewhat reduced. . ,. re fri-erator) in well- 

, lop „«is Kgurwa syjssrsffi suss 

at 37 °, and only then to store them at room temperature. 
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spinal fluid, 0.2 c.c. antigen suspension is added. The racks arc well shaken 
after the addition of the antigen suspension. 

If it is desirable to appreciate the quantitative degree of weak and medium 
strong positive reactions with great exactitude, two further tubes may be added 
to the original three. To this end another tube containing 0.4 c.c. spinal fluid 
and 0.1 c.c. antigen suspension is inserted between the first and second, and 
between the second and third a tube with 0.2 c.c. spinal fluid and 0.2 c.c. 
antigen suspension. 

5. Reading the Results.— The tests having been left standing overnight 
(sixteen to twenty-four hours) at room temperature of about 20° C protected 
from cold draughts, the results are read with the naked eye . The investigator 
stands in front of a well-lighted window or an artificial source of light above 
his head, lifts the racks carefully, and holds them before him somewhat above 
his eye level, at the same time slanting them slightly forward. In this posi- 
tion the apertures of the test tubes arc in a slanting direction to the source 
of light above and the base is toward the investigator. 

a. Negative Reactions: In all three tubes blue disc-sluipcd. sediments are 
visible in the center of the bottom of the tube, their coloring contrasting 
sharply with their surroundings. These blue sediments arc soft and have a 
tendency to dissolve. If the rack is held in a slanting position for some little 
time, they will, following the law of gravitation, dissolve themselves into a 
thin streak. Shape, color and dissolubility of the sediments are the character- 
istics of a negative reaction. 

b. Weak Positive Reactions: The first tube with 0.5 c.c. of spinal fluid 
does not shoiv any blue disc-shaped sediment. The bottom of the tube is of a 
whitish opalescent hue. On close examination a very light filmy sediment is 
visible uniformly spread over the bottom of the tube. When held slanting for 
any length of time, this sediment does not dissolve; it will sometimes change 
ds position as a whole, or it may crumble to pieces. Both the other tubes pre- 
sent the characteristic blue negative discs. 

When in. the first tube neither a distinct dissoluble blue disc nor the 
uniformly opalescent whitish coloration at the bottom of the tube is visible, 
the reaction must be marked doubtful (±). Then there is generally a rudi- 
ment of disc formation to he seen in the first tube with a number of minutest 
ragments of sediment strewn around it. In such cases the central disc is 
usually not soluble but adheres more or less firmly to the bottom of the tube. 

c. Medium Strong Positive Reactions: The two first tubes with 0.5 c.c. 
and 0.2 c.e. spinal fluid show the positive sediment described in paragraph b., 
wlnle the third tube has a negative disc. 

d. Strong Positive Reactions: The negative blue disc is not visible in any 
°. tc tu ^ es - They all show the connected whitish sediment of a positive reac- 

ion completely covering the bottom of the tube. In correspondence to the 
wliV'i ' iarger amount of antigen in the last tube, the sediment in it is some- 
colori ° nSCr than in thc firSt <AV0 ’ and m «y sometimes be slightly bluish in 

sis Reactions: Occasionally, though rarely, in cases of paralv- 

abes, spinal fluids may be observed which react so strongly that they 
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present an inhibition in (he first or in both the first tubes. In these tubes 
more or less distinct blue negative discs have formed, while the characteristic 
broadly spread positive sediment appears in the last tube only. Compared to 
the weak positive reaction there is therefore in such cases a reversed scale with 
the strongest reaction in the last tube. 

f. Bactcrially contaminated spinal fluids, for instance, such as derive from 
cases of meningitis or have become decomposed during transport, may occa- 
sionally show the same scale as hyperpositive reactions. They must therefore 
be differentiated by a special test. To 0.1 c.c. of the questionable spinal fluid, 
0.1 c.c. of a proved negative active serum and 0.5 e.c. of the usual antigen 
suspension is added. The mixture is well shaken and the reading performed 
in the way usually practiced in serum tests, viz.: either as macroscopic or 
microscopic flocculation or on the following day as clarification. In the scrum 
dilution contaminated- spinal fluids always give a plainly negative reaction, 
whereas hyperpositive spinal fluids give a strong positive reaction. 

THE M.K.R. II AS COMPARED TO OTHER SPINAL FLUID REACTIONS 

Our comparative investigations comprising some GOO eases have shown that 
the M.K.R. II applied to spinal fluids is appreciably superior in sensitivity to 
the Wassermann reaction, and is at least equal to the Kahn standard method 
and the Muller conglobation reaction. 

Also with regard to specificity the M.K.R. II in spinal fluids is in no wise 
inferior to the above-named methods. It is a very simple method, is easily 
read, and provides the possibility of obtaining a good quantitative gradation 
of positive reactions with only three test tubes. 

The M.K.R. II thus belongs to the group of particularly sensitive specific 
syphilis reactions in spinal fluid diagnosis as well as in scrodiagnosis. 



A NEW COLORIMETRIC METHOD FOR THE DETERMINATION OF 
BILIARY ACIDS IN BODY FLUIDS: WITH A NOTE ON 
THEIR ALLEGED PRESENCE IN NORMAL BLOOD* 


L. D. Scott, London, England 


S INCE the introduction of the Pettenkofer 1 reaction for the recognition of 
bile acids, many attempts have been made to apply this test for estimating 
bile adds in blood. As a result of these researches it has been assumed 
that a positive Pettenkofer reaction given by specially prepared extracts of 
normal blood is an indication of the presence of bile salts. On this assump- 
tion Aldrich and Bledsoe 2 found that normal blood contains bile salts to the 
extent of 3 to 6 mg. per 100 c.c., while CharletV average findings are given as 
3.5 to 3.8 mg, in normal rat blood. 

On the other hand, by using different means of isolation but still using the 
Pettenkofer reaction, Perlzweig and Barron 4 as well as Gregory and Paseoe s 
deny the presence of bile salts in normal blood. 

Recently Walker® has called attention to the interesting and important 
fact that the substance responsible for the color production in the Aldrich 
and Bledsoe process is cholesteryl oleate. This is hydrolysed by barium hy- 
droxide to barium oleate. The cholesteryl oleate and barium oleate both give 
a positive Pettenkofer reaction. 

Prom a practical standpoint, however, it cannot be denied that nearly all 
the methods have the common objection in that the Pettenkofer reaction is 
employed. A critical study of the quantitative aspects of this reaction has 
revealed many undesirable features in that: (a) the color reaction is not spe- 
cific for bile acids, Mylius 7 finding 15 other substances (including barium 
oleate) that give a Pettenkofer reaction; (b) the quantitative recovery of 
bile acids is very variable with errors from 1 to 20 per cent; (c) the red or 
reddish color varies considerably as to color shade making comparison in the 
colorimeter exceedingly difficult. 

It is obvious from the above results that the Pettenkofer reaction is 
wholly unsatisfactory for quantitative purposes even with pure solutions of 
1 c acids, and quite unreliable even for qualitative work on body fluids. 

A large number of tests have been advanced for the detection and estima- 
!° a salts in the urine, most of which again employ the Pettenkofer reae- 
'on, either direct to the urine, or to the isolated salts. If the reaction is applied 
icect to urine containing proteins a positive Pettenkofer reaction is always 
°. ^ hardly needs to be emphasized here that chromogenic substances 

Hie T tCnSe eo ^ ors "'HI 1 sulphuric acid. In the isolation method where the 
ts ave Precipitated from urine by saturation with magnesium sulphate. 


ThT 1 ,^ f0r publication. February 23. 1933. 

Institute Of Patholoev 0 out ’, n , lhc Bio-Chemical Laboratory, Charing Cross Hospital 
atnoiog}, by fcir.ti permission of nr. J. Patterson, biochemist to the hospital. ' 
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bilirubin is also precipitated along with many other urinary pigments. As 
bilirubin is almost always present in combination with bile salts, the color pro- 
duced in the final stage of the method is entirely lost in the dark brown or 
blackish mass obtained by the charring action of sulphuric acid on bilirubin and 
other urinary pigments. This process yields but little better results than that 
of the direct method. It is of great importance in patients treated with drugs 
which are potential liver poisons to try to obtain early warning of toxic action; 
again in patients with subieteric tints and fevers of unknown origin a reliable 
and quantitative method might prove of clinical value. Comparatively little 
•work has been done in this direction, owing, presumably, to the methods being 
subject to the numerous limitations already mentioned. 

The work outlined here was undertaken in order to arrive at a quantita- 
tive method for estimating bile salts. Various substances other than bile salts 
giving a positive Pettenkofer reaction and likely to be present in blood were 
subjected to the new reaction and found to be completely negative. The list 
includes cholesterol, ceplialin, glycine, lanoline, pliospholipines, lecithin, taurin, 
and oleic acid (present as cliolesteryl oleate). 

The following is the principle of the method : 

The urine is acidified with hydrochloric acid and saturated with solid am- 
monium sulphate. The bile acids are precipitated completely, along with other 
urinary pigments. Bilirubin when present is also precipitated. To prevent the 
precipitated bile salts from adhering to the sides of the boiling tube and stopper, 
a small amount of protein is first added to the urine before adding the hydro- 
chloric acid and ammonium sulphate. The protein has the effect of ‘‘holding” 
together the biliary acids, and thus overcoming great practical difficulties in 
that obvious loss of material is prevented as well as rendering time-consuming 
efforts unnecessary. The precipitate is filtered and washed with a saturated 
solution of ammonium sulphate to remove any soluble adhering pigments. The 
filter paper is carefully dried and the bile salts plus the insoluble urinary pig- 
ments extracted with absolute alcohol. A saturated solution of barium hy- 
droxide is added to the extract, and after further concentration the mixture is 
diluted to a convenient volume with alcohol, and filtered after thorough cool- 
ing. The addition of the barium hydroxide renders bilirubin and other inter- 
fering urinary pigments insoluble in absolute alcohol. The alcoholic extract is 
evaporated to dryness and a reddish purple color produced from the residue 
by the action of levulose and pure hydrochloric acid. The standard is an 
alcoholic solution of sodium tauroglycocliolate and is similarly treated. The 
colors are then compared colorimetrically. 

Reagents and Apparatus . — 

1. Pure concentrated (A. B.) hydrochloric acid (sp. gr. 1.16) HC1 = 36.465. 

2. Pure syrupy (A. B.) phosphoric acid (sp. gr. 1.75) HjPO, = 9S.051. 

3. One per cent pure levulose (Merck) in a saturated solution of benzoic acid. This keeps 
indefinitely. 

4. Saturated aqueous solution of ammonium sulphate. 

5. Solid ammonium sulphate. 

6. Fresh blood serum or plasma. For the precipitation to succeed it is absolutely es- 
sential that the serum or plasma employed be perfectly fresh, and thic is usually obtainable 
in any modern laboratory. 
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7. Absolute alcohol (07 per cent). 

8. Filter papers: 'Whatman extraction thimbles, size about 22 by 80 mm., and ordinary 
No. 1 papers, 7, 9, and 11 cm. in diameter. 

9. A saturated aqueous solution o£ barium hydroxide. 

10. Five-tenths per cent sodium tauroglycocliolale in absolute alcohol. Owing to the 
hygroscopic nature of the bile salts, it is important to weigh out the above amount on glazed 
paper, and as quickly as possible. Transfer the bile salts to a 100 c.c. flask, add about 00 c.c. 
of absolute alcohol and immerse the flask with constant agitation in a boiling water-batli 
until the bile salts have dissolved completely. Cool, and dilute to the mark with absolute 
alcohol. After mixing thoroughly, filter through a 9 cm. paper. 

11. Preparation of asbestos mat. Use a Gooch crucible of about 15 c.c. capacity (see 
Fig. 1) or an asbestos mat supported on a small (15 mm. diam.) perforated porcelain plate, 
resting in a conical funnel that passes through a rubber stopper fitting the neck of a filtering 
flask. The mat is prepared as follows: A suspension of well-washed asbestos is poured into 
the Gooch crucible or onto the plate and allowed to settle down without suction. After a short 
time the filtering flask is connected to the suction pump and the water pressure turned on. It 
is important not to suck too hard. The amount of asbestos required is such as to form a 
mat about 3 mm. in depth. 



Fis. l. 


dist h T™ 311 P ° r0US plate may he placed on top of the mat to prevent the latter from being 
"a hVf t0 ° mUcil by pouring on water or the phosphoric acid mixture. The mat is then 
dition Ti 0 °I thrCe Ume3 with distilled water, gentle suction being applied after each ad- 
for (lit fmal suction £hould be sufficient to make the mat quite firm. After being used 

wstpr t n V 0n thC Phosphoric acid mixture the asbestos should be washed well with distilled 
DCtorc further use. 


METHOD 


(Wo °- Unne -— In troduce 25 c ‘ c - of urine into a thick-walled boiling tube 
Moor: COmbustlon tv,bes > 1 inch by 6 inches) followed by 0.05 c.c. of fresh 
Pure enn™: ° r plasma - After mixing with the protein solution, add 2 c.c. of 
solution f mpated h y drocWoric acid, mix again, and then saturate the acidulated 
Per the t V 10 addltlon of 25 Sm. of solid ammonium sulphate. Securely stop- 

"ccasional 1 a^r + d tboroUgh shakin - stand for about ten minutes with 
agitation to ensure for complete saturation with the ammonium 
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sulphate. Filter through a "Whatman No. 1, 11 cm. paper which has been pre- 
viously damped with a few drops of a saturated solution of ammonium sulphate. 
The filtrate should be transferred back to the precipitation tube and after mix- 
ing well, filtered again. This process prevents loss of any bile salts which may 
have escaped through the filter paper with the first few drops of the filtrate. 
The filtrate can now he discarded. The filter paper and precipitation tube are 
then washed with about 50 to 100 c.c. of saturated solution of ammonium sul- 
phate, transferring about 20 c.c. of this at a time to the precipitation tube and 
after stoppering and shaking vigorously, poured on to the filter paper. In 
this manner traces of bile salts adhering to the boiling tube and the stopper are 
removed as well as the HC1 introduced in the first stage of the process. Most 



Fie. 2. 


of the interfering urinary pigments are also removed by this washing. The 
washed paper and funnel are allowed to dry overnight in the incubator at 
37° C. It has been found possible to dry the filter paper containing the bile 
salts in a hot air oven at about 90° C. to 100° C. for one hour. The ordinary 
copper still oven is superior to a flame heated oven and more convenient. 
The dried paper containing the bile acids is carefully folded, or better still 
cut into small strips, and inserted into a paper extraction thimble (Whatman 
thimbles, 22 by 80 mm.). The salts are then subjected to steady extraction 
with about 25 c.c. of absolute alcohol for sixty minutes, using the modified 
Soxhlet extraction apparatus (see Fig. 2) recommended by Myers s for the esti- 
mation of cholesterol in blood. An electric hot plate is used for heating and 
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great care must be taken not to char the solution by excessive heat. The 
alcoholic extract is then removed, cooled, and transferred to a 50 c.e. measut- 
jng flask, rinsing out the extraction flask with small quantities of absolute 
alcohol and transfer the washings to the graduated flask, until the volume 
reaches about 35 to 40 c.e. An alternative but not so reliable method is to 
place the filter paper containing the bile acids into one of the large boiling 
tubes and extract with about 5 c.e. portions of absolute alcohol brought to boil- 
ing point each time by immersion of the tube in the boiling water-bath. The 
boiling of the alcohol should he continued for two or three minutes after 
ebullition. The alcoholic extract is then cooled and filtered through a small 
7 cm. paper into the 50 c.e. flask to remove traces of ammonium sulphate. 
Extraction can he discontinued when 30 to 35 c.e. of alcohol have been 
used. Two cubic centimeters of a saturated solution of barium hydroxide 
is then added, and after the addition of a few porous plate chips to pre- 
vent humping, the flask is placed in the boiling water-bath, and the alcohol 
gently boiled for about three minutes when the total volume will be reduced by 
about one-tenth. The flask is then removed and thoroughly cooled in running 
'rater after which the volume is made up to the mark with absolute alcohol. 
It might be mentioned that this barium hydroxide treatment does not remove 
any bile salts from the alcoholic extract. Quantitative figures show an ab- 
solute recovery of bile salts. 

It is essential to cool the alcoholic extract thoroughly after boiling with 
the barium hydroxide. If convenient the solution should be allowed to stand 
from one to two hours so as to allow the baryta treatment to remove the last 
traces of urinary pigment. A quicker process is to stand the flask in the ice 
chest for about one hour, or until the temperature of the mixture is round 
about 5° C. A convenient freezing mixture is ice and dilute sulphuric acid 
which gives a temperature of about -10° C. (Approximately 50 gm. ice and 
GO c.e. of 25 per cent H 2 S0 4 .) Another good mixture is made as follows: 10 
gm. of ammonium nitrate, 10 gm. of sodium carbonate, and 10 c.c. of water. 
Ihe temperature reached is about 0° C- 

After mixing well, filter through a 9 cm. paper that has been previously 
ampened with a few drops of alcohol. Slight turbidity of the filtrate can he 
sa e y overlooked as this does not interfere with the subsequent determination. 

Forty-five cubic centimeters of filtrate are measured into one of the boi 1- 
to° | U ^ CS ’ an< ^ a ^ ter I' ie addition of a few silica chips, the alcohol is evaporated 

r yness on the boiling water-bath. If the boiling tube is unable to hold 

the 0 C evaporate 25 c - e - of extract almost to dryness and then add 

• 10 ot er c - e - of filtrate together with another silica chip to prevent bump- 
^ . P t!le water temperature of the bath from about 85° to 90° C. at the 

n2 n v mg ti)e ey aporation and raise the temperature to boiling as the 

10 s °h»tion slowly reduces in volume. 

was f ^casionally be found that owing to the presence of water which 
of .fl 1 ' r'i ° d tllG saturateci barium hydroxide solution, the last traces 
will mah . Cannot be rem °ved. The addition of a further 10 e.c. of alcohol 
’ e it possible to evaporate the extract to complete dryness. 
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It is usual to employ two standards for the urinary process, that is, 0.20 
and 0.50 e.e. of the 0.5 per cent alcoholic solution of sodium tauroglycocholate. 
The alcohol is removed by evaporation on the boiling water-bath. 

The color production is now performed on the dried residues. One cubic 
centimeter of 1 per cent levulose is added to each of the standards and to the 
unknown residue, and after agitating each tube to break up the precipitate 
and facilitate solution, 9 c.c. of pure concentrated A.R. hydrochloric acid is 
then added to all three tubes. After mixing thoroughly, the tubes are securely 
stoppered and placed in a water-bath for thirty minutes at 38° C. Occasional 
agitation of the tubes is recommended to ensure an even emulsion and produc- 
tion of color. If bile salts are present a reddish purple color slowly develops 
which is characterized by a beautiful greenish blue fluorescence. After thirty 
minutes when the colors have reached a maximum depth, the tubes are removed 
from the water-bath and cooled in running water. The unknown solution is 
filtered through a 9 cm. paper, and if the standards are cloudy (and this is 
always experienced with the stronger standards) they also must be filtered. 
Select the standard that is nearest the unknown solution by naked eye obser- 
vation, and then compare in the colorimeter immediately, as fading occurs on 
standing. As a supplement to the method introduced above, a technic based 
upon the color production from phosphoric acid and levulose has been utilized. 
Exactly the same technic of color production is adapted as in the former 
method, namely, 1 c.c. of 1 per cent levulose and 9 c.c. of pure concentrated 
A.R. phosphoric acid, but heating is continued for one hour at 38° C. This 
latter technic, although not so delicate as the hydrochloric acid method some- 
what compensates for this drawback, in that the color production is quite 
stable and also develops to double or even treble the intensity of the original 
color on standing twenty -four hours. The precipitate in the unknown solu- 
tion is slightly more difficult to remove with the phosphoric acid method and 
requires filtration through an asbestos mat in a Gooch crucible (see Fig. 1). A 
test tube is placed in the pressure flask to collect the filtrate. This may have 
to be refiltered before it is absolutely clear for colorimetric comparison. The 
hydrochloric acid treatment will, however, be found to be the more convenient 
for rapidity of strong color production. 

For the experimental work portions of the alcoholic sodium tauroglyco- 
cholate of known concentration were measured into the boiling tubes and evapo- 
rated to dryness on the boiling water-bath. After the addition of heavily pig- 
mented urines, rich in cliromogens and uroerythrin, pure bilirubin was also 
added in large quantities. The urines were then subjected to the method given 
above. The results are recorded in Table I and shows the method to he 
strictly quantitative. 

In cases when the estimation of bile salts in test meal (duodenal fluids) 
samples is necessary, or for the estimation of bile salts in gallbladder bile, 
the urine technic can be applied after suitable dilution of the specimens, al- 
though a direct method of extraction with alcohol is quicker. 

Lyon 0 has claimed that it is possible to obtain fractions after the adminis- 
tration of magnesium sulphate which corresponds to the bile, A from the bile 
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Table I 


Observed Colorimetric Findings ok Standard Solution or Varying Concentrations or Bile 
Acid Added to Urine, and Also the Recovery or the Natural 
Bile Acids From Icteric Urines 


SERIES 

OBSERVATIONS ON URINF. 
EXAMINED 

HAY *S 
TEST 

TYPE OE RE- 
ACTION ■ 

SOD. 

TAURO- 

GLYCO- 

cno- 

LATE 

RECOV- 

ERED 

VAL- 

UES 

CORRECTION 

FOR MG. PER 
CENT 





ADDED 

IN MG. 

IN MG. 

ADDED 

RECOV- 

ERED 

1 

Pure solid bilirubin add- 
ed to the extent of 20 
units on V. den 
Bergh’s scale 



20.0 

19.0 

80.0 

7C.0 


Urine contained heavy 
pigments, with pure 
bilirubin added to ex- 
tent of 25 units 



■ 

1.20 

5.0 

4.8 

|| 

Heavy pigmented urine, 
added bilirubin 1 0 
units 



1.0 

0.80 

4.0 

3.2 

iSS 



-- 

0.5 

0.52 

2.0 

2.08 

I 

Urine rich in urinary 
pigments. Solid bili- 
rubin added. Bile acids 
recovered by rencated 
washings with alcohol 
and not Soxlilet ex- 
traction 



50.0 

49.4 

200.0 

197. C 

■Same as above but using 
S o x li 1 e t extraction 
process 



50.0 

50.0 

200.0 

200.0 

Urine contained very 
heavy pigments and 
chromogens. Final 
fdtrate slightly con- 
taminated with pig- 
ments 

Tf: 



50.0 

54.0 

200.0 

216.0 

urme very heavy in pig- 
ments 


— 

10.0 

8.6 

40.0 

34.4 


Gallbladder bile. 1 in 50 
dil. made of pure bile 
and 25 c.c. (0.45) tak- 
011 for analysis 

! 


— 

17.5 

■ 

70.0 

i.e. 

3885.0 

10 








direct extraction made 
from the pure bile used 
above. 0.55 c.c. taken 
into 50 c.c. alcohol and 
40 c - c - extract finally 
_ used, viz.: 0.44 c.c. 




18.0 

1 

72.0 

i.e. 

4086.0 

11 







~ Tsa 

are rule added to urine. 
Control made with wa- 
ter 



0 

5.0 


20.0 

13~ 

uiurubm m urine — 7 
units. Natural bile 
salts present 

Very 

faintly 

positive 

Direct coloration in- 
the cold on addition 
of color producing 
reagents, which 
faded slightly on 
heating at 35° C. 


4.0 


_ 16.0 

— - 

amount of bile pig- 
ment (15 units) 

Very 

faint 

trace 

immediate color de- 
velopment which 
developed still more 
on beating 


“l.l 


Ta 
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Table I — Cont’d 


SERIES 

OBSERVATION'S ON URINE 
EXAMINED 

hay's 

TEST 

TYPE or RE- 
ACTION’ 

SOD. 

TAURO 

GLYCO 

cno- 

LATE 

ADDED 

IN MG. 

- RECOV 

• ERED 

VAL- 

UES 

IX MG 

'• CORRECTION 
FOR MG. PER 
CENT 

ADDEI 

} RECOV- 
ERED 

14 

Urine contained fair 
amount of urobilinogen 
(9.3 units). No bile 
pigments. 50 c.c. urine 
used 

Markedly 

positive. 

Color developed im- 
mediately and faded 
very slightly on 
heating 


2.5 


5.0 

15B 

Bilirubin in urine 12 
units 

Very 

faint 

trace 

No development of 
color in the cold, 
but gradual de- 
velopment of color 
on heating at 35° 
C. This is the 
same as for all 
body fluids other 
than urine, and al- 
so for the synthetic 
bile salts 


2.4 


9.5 

16 

1 Repeated as above but 
using the II 3 PO ( tech- 
nic 




■ 

■ 

9.3 

17 

Urine contained large 
amount of uroerythrin 

Trace 

present 

No immediate color 
but gradual develop- 
ment on heating in 
water-bath 


0.95 


1.9 

IS 

Repeated but with uro- 
erythrin first removed 


— 

— 

0.95 


1.9 

19 

Urine contained biliru- 
bin, 14 units. SO c.c. 
used 

Very 

faint 

trace 

Immediate color in 
the cold which 
faded slightly on 
heating 

i 

o.so 


1.6 

20 

Urine contained 10 units 
of bilirubin 

Faint 

trace 

Immediate color in 
the cold which en- 
tirely faded on 
heating 





21 

No urobilin or bile pig- 
ments. Urine had a 
slight icteric tint 

Very 

strongly 

positive 

Absolutely negative 





22C 

Large amount of biliru- 
bin present in urine, 
17 units 

Trace 

present 

Direct color with com- 
plete fading on in- 
cubation 





23 

Urine containing urobil- 
inogen and urobilin 
! with trace of uroerytli- 
rin and bilirubin 

Trace 

present 

Very heavy direct 
coloration in the 
cold with complete 
fading on heating 





24 

Urine very heavily pig- 
mented but with only 
a trace of bile pig- 
ments present 

Strongly 

positive 

Negative 





25 

Urine heavily pigmented 
with large amount of 
bilirubin 

Faint 

trace 

No immediate color in 
cold but gradual 
d e v e 1 o pment of 
color on heating 


0.50 


2.0 

26D 

Catarrhal jaundice. 
Urine contained 5 
units of bilirubin. 
Trace of uroerytlirin. 

| 50 c.c. used 

Strongly 

positive 

No immediate color in 
cold but gradual de- 
velopment of color 
on incubation 


9.3 


18.6 
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Table I — Cont’d 


SERIES * 

3HSEP.VATIOXS ON URINE 
EXAMINED 

hay’s 

TEST 

i 

type or nr.- 

ACTIOX 

SOD. 

paup.o* r 

GLYCO* 

cno- 

X.ATE 

LECOV- 

EP.ED 

VAL- 

VES 

conr.r.cnON' 

ron mg. rr.r. 

cr.XT 




ADDED I 
IN MG. 

N MG. 

ADDED r 

LECOV- 

EKED 

2T T 

'cst meal sample (bile S 
stained). 10 c.c. used 1 

Itrongly 

lositive 

— 


10.0 


100.0 

2S t 

jrine very heavily pig- S 
mented containing f 
moderate amount of 
bilirubin (11 units) 

•trongly 1 
lositivc 

STo coloration in the 
cold but gradual de- 
velopment on heat- 
ing 


3.75 


15.0 

29 ! 

Same as above but using 
the HJO, method 

— 

* 


3.83 


15.3 

30 < 

Chronic interstitial ne- 
phritis. A second es- 
timation was per- 
formed allowing the 
color to develop in the 
cold for 10 minutes 

1 and comparing eolori- 
metrically. 50 c.c. of 
urine taken 

Faintly 

positive 

Strong immediate 
coloration in the 
cold with fading on 
heating at 35° C. 

I 


2.30 


4.00 

31" 

Heavily pigmented urine 
containing fair amount 
of urobilinogen and 
large amount of bili- 
rubin, 12 units 

Very 

stronglv 

positive 

Mo coloration in the 
cold, but strong de- 
velopment of color 
on incubation 


5.3 ! 


21.2 

32 

Acute nephritis. Second 
estimation without in- 
cubation, but allowing 
tlie color to develop ii 
the cold for ten min 
utes and comparing 
colorimetrically. 50 e.c 
of urine used 

, Markedly 
positive 

i 

r 

5 

■ Very strong im- 
mediate coloration 
in tbe cold with 
fading on incuba- 
tion 


11.7 


23.4 

33 

ICarcinoma of livei 
Urine contained n 
bile pigments but 
large amount of ur< 
crythrin. 50 e.c. c 
_ urine used 

-. Faint 
o trace 

a 

>- 

if 

An immediate colora 
tion in the colt 
with slight fadin' 
on incubation 

l 

X 

2.0 


4.0 

34 

Hamc as above but usin 
the H,PO, method 

K 

Immediate eoloratio 
in the cold but n 
further develop 
ment on heating 

n ~ — 

0 

>- 

2.4 


4.8 


ducts, B from tlie gallbladder, and C from tbe liver, but other workers do not 
a gree that the bile from these three sources can be fractionated successfully. 
The most important part of the analysis is the bilirubin and bile salts fractions. 


Chiray and Lebon state that with bilirubin and bile salts there may be 
1 c or nil in obstructive jaundice, but an increase in familial jaundice, chronic 
splenomegalie icterus, hemolytic jaundice, paroxysmal hemoglobinuria and 
pernicious anemia. In catarrhal jaundice the concentration of bilirubin and 
1 c sa ^ s ma y he normal, but the total output low. There may be an increase 
"!' ) C ) crease °£ bile salts in parallel with bilirubin, or there may be “dissocia- 
l° n , as hemolytic jaundice (see Chiray and Lebon ’s book, Le Tiibane 

Duodenal, 1924 ). 
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In the above book Carnot and Mauban describe a technic employing Hay’s 
test 10 and have thereby obtained an approximate measurement. The new proc- 
ess is introduced to give a strictly quantitative method. 

With test meal samples dilute 2 or 5 c.c., depending upon the icteric 
tint of the specimen, to 25 c.c. with water and proceed as for the urine process. 
For the direct extraction add the above amount of gastric juice into about 
30 c.c. of alcohol, add a few porous chips and heat on the water-bath for two 
or three minutes. After cooling, dilute to 50 c.c. with alcohol. Filter through 
a 9 cm. paper. Forty-five cubic centimeters of filtrate arc pipetted into a 100 c.c. 
capacity Erlenmeyer flask, 3 c.c. of the saturated solution of barium hydroxide 
are added plus a few porous chips, and the mixture is gently boiled on the 
boiling water-bath for about three minutes after which it is thoroughly cooled in 
running water. Now transfer it to a small measuring cylinder and make up 
the total volume of the mixture to 45 c.c. with alcoholic washings from the 
Erlenmeyer flask. Filter through a 9 cm. paper. Forty cubic centimeters of 
alcoholic filtrate are pipetted into a boiling tube, and after the addition of a 
few silica chips, evaporated to dryness on the water-bath. The color produc- 
tion is exactly the same as for the urinary process. The standard usually em- 
ployed is 1 c.c. of the 0.5 per cent standard solution. 

For Gallbladder Bile. — Twenty-five cubic centimeters of 1 in 100 dilution 
of gallbladder bile is treated exactly as for the urinary process. With the 
direct extraction 0.25 c.c. of pure bile is added by means of a blood pipette to 
about 30 c.c. of alcohol, after which the test meal method for the direct extrac- 
tion of bile acids is followed. Two cubic centimeters of the 0.5 per cent solu- 
tion is used as standard. 

The strength of the color production is reported in terms of milligrams of 
tauroglycocholate for each 100 c.c. of urine, calculated by the formula : 

Heading of standard Strength of standard (1 or 2.5 mg.) 

— - . ^ ^ , . . ^ - - — - — — 

Reading of unknown Amount of urine used (25 c.c.) 

x Fraction used (f) x 100 — mg. of bile salts per 100 c.c. of urine. 

Interpretation of Results. — An interesting fact emerges from this reaction, 
namely, the difference in color reaction from urinary extracts may be due to 
two distinct types of bile salts, Types A and B. 

With Type A, the reaction is the usual response always obtained from all 
other body fluids, viz., no production of color in the cold, but a gradual de- 
velopment of color reaching a maximum in thirty minutes on warming in the 
water-bath at 38° C. 

With Type B, the production of color begins immediately or after a few 
minutes in the cold, depending upon the amount of bile salts present. This 
coloration either develops slowly or fades entirely on heating. It is suggested 
that the B type of bile salts are exceedingly unstable with the result that the 
color development fades rapidly on heating. When, however, there is a com- 
bination of these two types of bile salts it will be observed that the color pro- 
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duced in the cold appears to develop on heating. The explanation may be 
that the B type of bile salts is stabilized by the presence of the A type, or 
again, on heating, the color developed from the A type of bile salts entirely 
obscures the fading of the color from the B type. 

To overcome this difficulty the color that develops in the cold should be al- 
lowed to stand a further fifteen minutes, and after filtration compared in the 
colorimeter against a suitable standard prepared by heating at 38° C. in the 
usual way. The other process can be used by which the color can be stabilized, 
namely, the utilization of the phosphoric acid technic. This method will have 
to he adopted for all specimens of urine, as, of course, it is impossible to know 
when a direct production will be obtained, or again, if this coloration will 
develop or fade on incubation. But as already stated the phosphoric acid 
technic is not so convenient as the hydrochloric acid treatment, in that with 
the majority of urines containing small amounts of bile salts, the specimens 
must be allowed to stand for twenty-four hours until sufficient color has de- 
developed for colorimetric comparison. 


The new reaction also disagrees with Hay’s test for bile salts. This is to 
he expected as Hay’s test depends on a lowered surface tension of the urine, 
and therefore is not specific for bile acids. It has been observed that substances 
lowering the surface tension may occur in certain cases of nephritis. Urines 
examined from interstitial and acute nephritis and giving a positive Hay’s test 
show the characteristic reaction of the B type of bile salts. 

Therefore, it must be concluded, by the new reaction proving these so-called 
‘ substances” to be bile salts, that the nephritic toxemias cause derangement 
of hepatic function. Recapitulating, it may be said that the B type of bile 
salts do not react to give the characteristic hydrochloric acid levulose-colored 
compound, and also, the majority of these bile salts remain in the filtrate from 
the urine and are therefore not precipitated with hydrochloric acid and am- 
monium sulphate. It is quite possible that the latter part of the theory given 
below explains these interesting findings. 

_ The difference in the color reaction may depend either upon some slight 
variation in the bile salt molecule, or upon bile salts being present in some sort 
of association with cholesterol or a urinary constituent, which might well 
modify their physical properties. 

Another interesting fact is that the cholesterol in the gallbladder is kept 
m solution as an emulsoid colloid as a result of the solvent action of bile salts. 

ith deranged hepatic function the close association of cholesterol and bile 
oeids makes the above theory feasible. 

These are the observed facts, and it is idle to speculate as to their meaning 
Un ’ more is known of the physiology of the subject. 

sol m ° od -~ lnto a 50 c - c - measuring flask containing about 30 c.c. of ab- 
in 0° ^ C °, h01 ’ add 5 c,c - of whole blood, serum, or plasma. Immerse the flask 
cool lC T '' vater -bath with constant agitation for two or three minutes, 
be ’,lT. d UC t0 the 50 c ' c - mark with alcoho1 - The protein precipitate should 
with fiit *-° separate roughly before filtering as this saves considerable time 
iration. The supernatant fluid is then filtered through a 9 cm. paper. 
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Transfer 40 c.c. of filtrate to a 100 e.e. Erlenmeyer flask, add 1 c.c. of saturated 
solution of barium hydroxide, and after adding a few small porous chips place 
in the boiling water-bath for about two minutes. The mixture is thoroughly 
cooled, transferred to a measuring cylinder and the volume made up to 40 c.c. 
with alcoholic washings from the Erlcnmeyer flask. After filtering through a 
9 cm. paper, 35 c.c. filtrate are pipetted into a boiling tube, a few silica chips are 
added, and the alcoholic extract is taken to dryness on the boiling water-bath. 
If frothing takes place toward the end of the evaporation this can be pre- 
vented by the addition of one or two drops of eaprylie alcohol. The standard is 
prepared by taking 5 c.c. of a 0.005 per cent solution of sodium tauroglyco- 
cholate (1 c.c. of 0.5 per cent solution diluted to 100 c.c. with absolute alcohol) 
to dryness on the water-bath. 

The colors are produced in a volume of 2.5 c.c., i.e., 0.25 c.c. of 1 per cent 
levulose and 2.25 c.c. of strong concentrated hydrochloric acid. The “un- 
known” solution is too small to be filtered and must be transferred to a centri- 
fuge tube, and after securely stoppering the tube, centrifuge at high speed. 
Although by centrifuging the supernatant fluid never becomes absolutely clear 
this does not annul the delicacy of the reddish purple coloration. The unknown 
solution is then compared against the standard color in a similar tube by 
naked eye observation. If the unknown color is stronger than the standard 
solution it must be diluted with pure concentrated A.R. hydrochloric acid 
until the colors match. On the other hand if the standard solution is the 
stronger color, it must be diluted likewise with the hydrochloric acid. The 
volumes of both the solutions are now taken. This process must be called simply 
“an estimation,” and not a quantitative determination. 

Volume in centrifuge tube of unknown solution Strength of standard in mg. 

Volume in centrifuge tube of standard solution Amount of blood used 

50 

x 100 equals mg. of bile acids per 100 c.c. of blood. 

35 

There can be little doubt that a mechanism for the manufacture of bile 
salts exists in the living body. In the presence of a biliary fistula such salts 
are continually excreted which would be impossible but for their endogenous 
formation. Moreover, those bile salts excreted into the duodenum are re- 
absorbed lower down in the intestinal tract, for none can be detected in the 
feces. They must therefore be circulating in the portal circulation and unless 
picked up quantitatively by the liver must circulate in the general blood stream 
and should therefore be detectable. Although some of the workers quoted 
earlier were unable to demonstrate the presence of bile salts in normal blood, it 
is by no means justifiable to conclude that they are absent. The results re- 
corded in Table II clearly show that small quantities of bile salts added to 
normal blood in vitro could not be recovered. In fact on the average 5 mg- 
of bile salts were always lost, whatever the quantity added to 100 c.c. of blood. 
Lesser quantities were completely lost. It is assumed that they were carried 
down with the protein precipitate on the addition of alcohol, though in what 
form it is difficult to say. It may be possible that the bile salts are in combi- 
nation with one of the constituents of the protein precipitate in which form 
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Table II 

Showing Recovery or Bile Acids Added to Blood and Findings in Various Conditions 



OBSERVATIONS ON BLOOD 
EXAMINED 


0.20 mg. of bile salts added to 5 e.c. 
blood plasma. Color produced in 
volume of 5 c.c. 


2 0.23 mg. of bile salts added to 

serum. Color produced in 2.5 c.c. 
volume 


3 0.25 mg. of bile salts added to 

blood plasma. The alcoholic extract 
■was taken direct to dryness and not 
subjected to the barium hydroxide 
treatment. Color produced in volume 
of 2.5 c.c. 


4 0.25 mg. of bile salts added to 

whole blood, color produced in vol- 
ume of 2.5 c.c. 

1 mg. of bile salts added to 5 c.c. of 
whole blood; color in 7 c.c. 


0.5 mg. of bile salts added to 5 c.c. 
whole blood; color i n 5 c.c. 

5 mg. of bile salts added to 5 c.c. whole 
blood 

7 c.c. of normal plasma taken for 
analy sis 

10 c.c. of normal serum used 
10 c.c. whole blood 


20 c.c. whole blood 

12 10 c.c. whole blood treated as for the 
_ Aldri ch and Bledsoe process 

13 Blood giving delayed Van den Bergh re- 

action; indirect reaction 4.7 units. 5 
c -c. of serum used 

14 Pernicious anemia. Van den Bergh re- 

uetm n, indirect only, giving 18 units 

15 Splenic anemia. 4 c.c. bloodlaken, and 

color produced direct from alcoholic 
extract 

16A Blood gave_ indirect Van den Bergh re- 
______ _ action. 5 c.c. of whole blood used 

17B A strong immediate Van den Bergh re- 
_____ notion. 4 c.c. of serum used 

180 Vei^strong immediate direct Van den 

gergh re action. 50 units of bilirubin 

Blood giving positive indirect Van den 
_ _ Bergh test of 5 units 

"° D ^“tarrtinl jaundice. Immediate direct 
___ — _ — £££ tion. 7 units of bilirubin present 
aundiccT iiipliasic Van den Bergh re- 
actl °"- 11 units of bile 


SOD. TAUItO- RECOVERED 
GLYCOCIIOLATE VALUES 
ADDED IN MG. IN MO. 


CORRECTION FOR 
MG. PER CENT 


ADDED RECOVERED 



ptLLT'^rtfrf"aaLrt 00 ^ S ‘ rea ”' ° r agai ”' tbc b,00li *">«■» may 

irhieli nj '" 1 , adsorbing ’ , eertam quantity of tbe bile Salta after 
likely as the rat l redlssolved b ^ th * absolute alcohol. This seems most 
an d 350.0 mg respe^tivehv^Tr 1 ^ Pr ° tein P6r 5 CC ‘ of blood is 0-25 

"" "><»> r«ci» ££& £• bw” sa,,s ,05t sli «y 
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Transfer 40 c.c. of filtrate to a 100 c.c. Erlenmeyer flask, add 1 c.e. of saturated 
solution of barium hydroxide, and after adding a few small porous chips place 
in the boiling water-bath for about two minutes. The mixture is thoroughly 
cooled, transferred to a measuring cylinder and the volume made up to 40 c.c. 
with alcoholic washings from the Erlenmeyer flask. After filtering through a 
9 cm. paper, 35 c.c. filtrate are pipetted into a boiling tube, a few silica chips are 
added, and the alcoholic extract is taken to dryness on the boiling water-bath. 
If frothing takes place toward the end of the evaporation this can be pre- 
vented by the addition of one or two drops of caprylic alcohol. The standard is 
prepared by taking 5 c.c. of a 0.005 per cent solution of sodium tauroglyco- 
cholate (1 c.c. of 0.5 per cent solution diluted to 100 c.c. with absolute alcohol) 
to dryness on the water-bath. 

The colors are produced in a volume of 2.5 c.c., i.e., 0.25 c.c. of 1 per cent 
levulose and 2.25 c.e. of strong concentrated hydrochloric acid. The “un- 
known” solution is too small to be filtered and must be transferred to a centri- 
fuge tube, and after securely stoppering the tube, centrifuge at high speed. 
Although by centrifuging the supernatant fluid never becomes absolutely clear 
this does not annul the delicacy of the reddish purple coloration. The unknown 
solution is then compared against the standard color in a similar tube by 
naked eye observation. If the unknown color is stronger than the standard 
solution it must be diluted with pure concentrated A.R. hydrochloric acid 
until the colors match. On the other hand if the standard solution is the 
stronger color, it must be diluted likewise with the hydrochloric acid. The 
volumes of both the solutions are now taken. This process must be called simply 
“an estimation,” and not a quantitative determination. 

Volume in centrifuge tube of unknown solution x Strength of standard in mg. 

Volume in centrifuge tube of standard solution Amount of blood used 

50 

— _x 100 equals mg. of bile acids per 100 c.c. of blood. 

35 

There can be little doubt that a mechanism for the manufacture of bile 
salts exists in the living body. In the presence of a biliary fistula such salts 
are continually excreted which would be impossible but for their endogenous 
formation. Moreover, those bile salts excreted into the duodenum are re- 
absorbed lower down in the intestinal tract, for none can be detected in the 
feces. They must therefore be circulating in the portal circulation and unless 
picked up quantitatively by the liver must circulate in the general blood stream 
and should therefore be detectable. Although some of the workers quoted 
earlier were unable to demonstrate the presence of bile salts in normal blood, it 
is by no means justifiable to conclude that they are absent. The results re- 
corded in Table II clearly show that small quantities of bile salts added to 
normal blood in vitro could not be recovered. In fact on the average 5 mg- 
of bile salts were always lost, whatever the quantity added to 100 c.c. of blood. 
Lesser quantities were completely lost. It is assumed that they were carried 
down with the protein precipitate on the addition of alcohol, though in what 
form it is difficult to say. It may be possible that the bile salts are in combi- 
nation with one of the constituents of the protein precipitate in which form 
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well. After adding a few porous chips immerse the tube in the boiling water- 
bath for two to three minutes, cool, and dilute to 50 e.c. with absolute alcohol. 
Allow the precipitate roughly to settle and then carefully pour off supernatant 
extract on to a 9 cm. paper. Transfer 40 to 45 e.c. of filtrate to a 100 e.c. 
capacity Erlemneyer flask, add 2 c.c. of the saturated solution barium hy- 
droxide plus a few porous chips. Ilcat on the boiling water-bath for about three 
minutes or until the mixture has concentrated about one-tenth. After thoroughly 
cooling the solution in running water, make up to the original volume (viz. 
40 or 45 c.c.). Filter through a 9 cm. paper. Pipette 35 or 40 c.c. of filtrate 
into a boiling tube together with a few silica chips, and evaporate to dryness 
on the water-bath. 

It will be noticed that the fecal residue contains much more pigment, than 
either the urine or the blood extracts, but this does not annul the subsequent 
color production as the pigments and fats are rendered insoluble by the hydro- 
chloric acid introduced in the color production stage of the method. The 


Table HI 


Showing Effect of Bile Acids Addf.d to Feces and Their Subsequent Recovery 


SERIES 

OBSERVATIONS ON- 
FECES EXAMINED 

SOD. TAURO- 
GLYCO- 
CHOLATE 

ADDED IN' 
MG. 

RECOVERED 

VALUES 

CORRECTION' 

FOR MG. PER 
CENT IN' WET 

FECES 

CORRECTED 

EOR DRY 
WEIGHT 



1 A lUl, 

theoret- 

ical 

found 

THEORET- 

ICAL 

1 FOUND 

1 

Normal feces. Two grams 
wet feces used. Solid 
material 30.00 per cent 

5.0 

1 

4.4 

250.0 

220.0 

S33.0 

733.0 

2 

Normal feces. Three 
grams wet feces used. 
Solid percentage 14.30 

5.0 

SI 

166.6 

15G.G 

1650.0 

1095.0 

3 

Uross diarrhea. Three 
grams wet feces used. 
Solid percentage 8.33. 
Bilirubin present to ex- 
tent of 93 units per 100 
gm. of dry feces 


2.1 


70.0 


S40.0 


insoluble fats and pigment are then removed by filtration. Two standards 
S oui<1 b_ e Prepared 0.2 and 0.5 of the 0.5 per cent standard solution. The color 
production is the same as for the urinary process. 

Calculation : 

wadin g ^ Strength of standard in mg. 50 
Unknown reading X Wint of feces taken X ~W~ ( ° T th ° ain0UI,t of alcoholic 

(ices' 1111 '*' taltCn t0 dr - vness l x 100 = m g- of sodium tauroglycocholate per 100 gm. of 


1 mu ° f° btam the S0Hd P ercenta S e of the feces examined, weigh out exactly 
water hnu 6t ? CeS mt ° a SmaU porcelain dish and by means of a boiling 
plied hv ton vaeuum desiceator - The weight of the remaining residue multi- 
amount J mT the SOlid matenal expressed in percentage. Now if the 
o£ Me salts Present in 100 gm. of wet feces is multiplied by 
100 _ 

®°bd percentage of feces’ the P ercenta S e of bile salts per lOOgm. of' dried 
eces will be ascertained. 
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The present investigation proves definitely that the blood is able to con- 
ceal a small quantity of bile salts so that they escape detection. Those workers, 
therefore, who found bile salts absent in normal blood, actually found only 
their absence above a certain concentration, i.e., 5 mg. per 100 c.c. of blood. 
Whatever the amount of blood used the amount of bile salts carried down by 
the protein precipitate remains proportionally' constant, viz., 5 mg. per 100 c.c. 
of blood. Furthermore, with methods employing a latter stage in the alcoholic 
extract, such as the addition of norite to remove coloring matter, a large quan- 
tity of bile salts are also removed. No matter what method is used to isolate 
the bile salts (and extraction with alcohol is by far the most successful), a 
small amount of bile acids is lost in the albuminous precipitate, which again 
varies considerably with the protein precipitant. 

With a view to recovering the bile salts from the protein precipitates 
various methods were tried, such as, first the drying of blood on filter paper 
and extracting with absolute alcohol in the modified Soxhlet apparatus for one 
or two hours. Second, blood protein was removed by precipitation with ab- 
solute alcohol and then collected and subjected to steady extraction with absolute 
alcohol in the Soxhlet extraction apparatus from two to three hours. The 
results were negative in those samples to which bile salts had been added to the 
extent of 5 mg. per 100 c.c. of blood, as well ns in bloods to which no bile salts 
were added. 

Finally, investigation showed that even if the alcoholic extracts from very 
pale serums containing added bile salts (0.25 mg. per c.c. of blood) were taken 
direct to dryness and not subjected to the barium hydroxide treatment (there 
being practically no coloring matter to remove) absolute- negative results are 
obtained. In the above experiments the color production ’was performed in a 
total volume of 2.5 c.c., i.e., 0.25 c.c. of levulose and 2.25 c.c. of concentrated 
hydrochloric acid. The technic employed for the blood process is more useful 
as a qualitative than a quantitative method, first, because a reaction is only 
obtained when the amount of bile salts in the blood rises above 5 mg. per 100 c.c-, 
and second, because a measurable color reaction cannot be obtained with quan- 
tities of blood less than 5 c.c. However, large quantities of blood can be used 
if available. An excess of bile acids can easily be demonstrated in the blood 
and the method is therefore very satisfactory. 

With latent jaundice the test is rather unsatisfactory due presumably to 
the “holding back” of the bile acids in the protein precipitate. Here the esti- 
mation of bilirubin is superior. Further work, however, may give interesting 
results in connection with dissociated jaundice, i.e., independent retention or 
excretion of bile pigments and bile salts. 

Hemolytic jaundice is certainly a dissociated condition, since the bile salts 
are unaffected. Retention of bile salts alone has been observed in the later 
stages of catarrhal jaundice. 

For Feces . — Weigh out 2 gm. of wet feces with the aid of a glass rod, into 
one of the thick-walled boiling tubes that has been previously graduated at 
50 c.c. If the -feces is exceptionally liquid 3 gm. can be used. Add about 30 c.c. 
of alcohol and break up as much of the solid material as possible by stirring 
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containing 3 holes. Into one hole is fitted n thermometer; into the other 
2 holes glass tubes are inserted. A piece oC rubber tubing 15 to 18 cm. long is 
attached to one of the tubes on the inside surface of the stopper so that the 
circulation in the animal chamber produced by raising or lowering Bottle A 
will be efficient. Bottle A is filled with water and a small amount of copper 
sulphate introduced. If an antiseptic is not added to the water, the viscosity 
will be changed by bacterial growth, thus altering the emptying time of 
the bottle. The absorption bottles arc filled two-thirds full with soda lime. 

A suitable basin, either glass, galvanized iron or copper, measuring about 
45 by 20 by 20 cm. is obtained and filled one-half full with water so that the 
animal chamber containing the guinea pig can be immersed when a determina- 
tion is being made. This prevents sudden changes in the temperature of the 
air within the animal chamber. The walls of this basin should be painted black 
so that by placing cardboard or paper over the top, the animal is confined in a 
darkened chamber. This is an important factor in eliminating movement. 
The animal chamber should be anchored in the water basin and balanced in 
such a way that movement of the animal can be detected without admitting 
light to the water-bath. 

The stoppers are fitted with glass tubing and the proper connections (see 
Pig. 1) made with a good grade of rubber tubing with fairly thick walls. The 
stoppers which need not be removed are sealed tightly with glue and all rubber 
to glass connection reinforced with wire. The rate of the flow of water from 
the “lift” Bottle A to Bottle B is regulated by the distance the “lift” Bottle 
is raised or lowered from the level of Bottle B. It should be regulated so that 
one bottle empties in exactly two or two and one-half minutes. Bottle A may 
he raised and lowered either by hand or by motor. 

The system must be air tight. It is tested for leaks by inserting the stop- 
per in the animal chamber, filling the spirometer with air and placing a 
100 gm. weight on top of the spirometer. With Bottle B empty, the volume 

gas in the spirometer is noted and Bottle A raised. When empty, it is 
lowered, and after Bottle B is again empty, the volume of gas in the spirom- 
eter is noted. If the volume of gas in the spirometer is the same as before the 
test, there should be no leaks, providing the temperature -within the system is 
unchanged. Until one is convinced that the apparatus does not leak, a fur- 
ther test for leaks should be made after each metabolic determination by 
placing a weight on the spirometer with the water level in Bottles A and B 
stationary. The loss in volume within the spirometer should he no greater 
than the consumption of oxygen by the animal. 

Method of Determination of Metabolic Test . — After immersing the animal 
c lamber containing the guinea pig in the water-bath, the spirometer is filled 
I' 1 * 1 ° x >T cn a ud the gas circulated for four or five minutes by raising and lower- 
ing Bottle A. After Bottle B is completely empty, the menisci in the inner and 

cr cylinders of the spirometer are adjusted to the same level and the volume 
— in the graduated cylinder, and the time noted. The temperature in 

mct ^Uc C raw\n° humanV e i’?| s WhiCh ,S R ° extensIvel - v arul satisfactorily used in determining 



A SIMPLE AND INEXPENSIVE APPARATUS FOR THE DETERMINA- 
TION OF THE METABOLIC RATE IN GUINEA PIGS* 


W. H. Cole, M.D., and N. A. Womack, M.D, St. Louis, Mo. 


W5 P lese ^ ^ ie details of an apparatus for the determination of 

e basal metabolic rate in guinea pigs, not because of any originality 
connected with its construction, but because of its simplicity and inexpensive- 

ss eieia 1 erent types of apparatus were tried, but it required several 
lee s o experimentation with each to learn that, at least in our experience, 
le lesu s eeame moie constant as we simplified the apparatus. For animals 

s na as guinea pigs, ive feel quite certain that the “closed system” type of 
appaia us is moie practical than any other. All of the articles of glassware, 
etc, used m the construction are so simple that they can be found or con- 
structed m almost any laboratory. 

9 Qoif Appoiaiits. Two large glass bottles with a capacity of 
’■ J 7 c '?;, t0 ?’ 500 c - e -- like those tised for containers of sulphuric acid, are 

, V ' 1 1 lu er S ^°P pers, and a hole about 2 cm. in diameter is bored in the 

10 om o each (see Fig. 1). One of these bottles ( B ) is fixed to a tripod on 
a a e an t e other (A) suspended with a cord over a pulley so that it can be 
lowered or raised. A thermometer is inserted through a hole in the stopper of 

le s ationaiy bottle ( B ). Two bottles of about 500 c.c. capacity (to be used 
as absorption bottles) having large openings at the top are fitted with rubber 
s oppers, and a glass tube inserted through one of the holes in the stopper 
own to the bottom of each bottle. A small cage of wire screen is constructed 
and placed m the bottom of each bottle so as to prevent the hole of the tube 
rom locking with soda lime. A hole about 2 cm. in diameter is bored in the 
bottom of a 500 c.c. graduated cylinder and by means of a small pulley the 
cylinder is suspended into a larger glass cylinder measuring 45 cm. in height 
and 7 cm. in diameter. This serves as a spirometer. This latter cylinder is 
filled nearly to the top with water. A piece of glass tubing is bent in a nar- 
row U-shaped fashion and anchored on the rim of the outer cylinder of the 
spirometer. The arm of the U-tube which is placed within the graduate cylin- 
der is made long enough to protrude beyond the water level. The current of 
gas passing through this tube and out the top of the spirometer or vice versa, 
insures adequate circulation of the gas within the spirometer. A three-way 
glass stopcock is inserted between the spirometer and Bottle B so that oxygen 
may be introduced into the spirometer at the beginning of the metabolic test. 

A bottle with a capacity of about 1,500 c.c. and having a large hole in the top 
is used as the animal chamber (F) . This jar is fitted with a rubber stopper 

*From the Department of Surgery. Washington University School of Medicine and Barnes 
Hospital. 

Beceived for publication. March 15. 1933. 
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containing 3 holes. Into one hole is fitted a thermometer; into the other 
2 holes glass tubes arc inserted. A piece of rubber tubing 15 to 18 cm. long is 
attached to one of the tubes on the inside surface of the stopper so that the 
circulation in the animal chamber produced by raising or lowering Bottle A 
will be efficient. Bottle A is filled with water and a small amount of copper 
sulphate introduced. If an antiseptic is not added to the water, the viscosity 
will be changed by bacterial growth, thus altering the emptying time of 
the bottle. The absorption bottles are filled two-thirds full with soda lime.* 
A suitable basin, either glass, galvanized iron or copper, measuring about 
45 by 20 by 20 cm. is obtained and filled one-half full with water so that the 
animal chamber containing the guinea pig can be immersed when a determina- 
tion is being made. This prevents sudden changes in the temperature of the 
air within the animal chamber. The walls of this basin should be painted black 
so that by placing cardboard or paper over the top, the animal is confined in a 
darkened chamber. This is an important factor in eliminating movement. 
The animal chamber should be anchored in the water basin and balanced in 
snch a way that movement of the animal can be detected without admitting 
hght to the water-bath. 


The stoppers are fitted with glass tubing and the proper connections (see 
.1) made with a good grade of rubber tubing with fairly thick walls. The 
stoppers which need not be removed are sealed tightly with glue and all rubber 
o glass connection reinforced with wire. The rate of the flow of water from 
. e , bft ” Bottle A to Bottle B is regulated by the distance the “lift” Bottle 
is raised or lowered from the level of Bottle B. It should be regulated so that 
one ottle empties in exactly two or two and one-half minutes. Bottle A may 
ne raised and lowered either by hand or by motor. 


n The s T stem must be air tight. It is tested for leaks by inserting the stop- 
inn m 6 . ammal chamber, filling the spirometer with air and placing a 

of ™ ght ° n t0P ° f the s P irometer - witl1 Bottle B empty, the volume 
g ■ in the spirometer is noted and Bottle A raised. When empty it is 

test ther! o' fi ^ in the s P irometer is th e same as before the 

unchanged UnBI tbe Werature within the system is 

ther test f« i * t T " eonvinced that th e apparatus does not leak, a fur- 
Placing a , • ?! kS S l° uld be made after each metabolic determination by 

spirometer with the water level in Bottle* A and B 

than the consumuttn V " T ® s P irometer should be no greater 
consumption of oxygen by the animal. 

a< J m ° f MM ; c Test- After immersing tie animal 
with oxv»en and th° c mnea - pig in the water-bath, the spirometer is filled 

ing Bottle 1 XV Sit f f0r ,H r ° r fiVe minUteS bj ' raising and Wr- 
outer cylinders of the • B + Completelj em pty, the menisci in the inner and 
« the same level and -W 

' nv eu , c J - C ’ 3nd the tlme noted ' temperature in 

0,0 h an,l satisfactorily raea in detemln , nff 
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Bottle B and the animal chamber is recorded. Bottle A is immediately low- 
ered. The distance Bottle A is lowered or raised is adjusted so that the bottle 
will empty and fill in exactly five minutes. A record of the amount of oxygen 
consumed is thereby obtained every five minutes. It is necessary to continue 
the determination for at least twenty minutes so that any errors in reading 
gas volume, temperature, etc., are minimized. It is very important that gas 



volume in the spirometer be recorded only when Bottle B is empty. If watei 
is flowing from Bottle A to B or vice versa, the pressure required to mosc 
the water is sufficient to change the volume of gas in the spirometer. By 
recording the amount of oxygen consumption every five minutes, it is possible 
to detect errors which are brought about by movement, change in temperatuie, 
leaks, etc. At the end of the determination the temperature in the animal 
chamber and Bottle B is again recorded. 
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Before flic volume of gas is reduced to 0° G. and <60 mm. pressure, ad- 
justment must be made for any change in temperature within the system while 
the determination was being made. To make this correction, it is nccessair 
to know the volume of the various components of the system. 1* or cvcii 
degree variation in temperature, an addition or subtraction of 0.004 e.c. for 
each cubic centimeter of gas in the system must he made, depending on 
whether the temperature rises or falls. It is probably more accurate to cali- 
brate the system. To do this all draughts are eliminated from the room, and 
the temperature of the air within the bottles of the apparatus as well ns the 
room must have been constant for at least thirty minutes before the calibra- 
tion is made. The temperature of the water-bath containing the animal cham- 
ber is then raised 1° or 2° hv the addition of hot water to the water-bath. To 
be accurate, an object approximately the size of a guinea pig. should he 
placed in the animal chamber before this calibration is made. The change in 
volume of air within the system for each degree change of temperature within 
the animal chamber is easily determined. In our apparatus 1° rise in tempera- 
ture within the animal chamber produced an increase of 5.9 c.e. in the volume 
of the system as recorded bv the spirometer. With the temperature of the 
animal chamber constant, a current of heated air is turned on Bottles A and B 
until the temperature has reached a constant temperature. With our appa- 
ratus a rise of 1° in the temperature of Bottle B caused an increase of 13.6 c.e. 
m the volume of the system as recorded by the spirometer. 


Sample determination: Wt. of guinea pig 450 gm. 
tion eighteen. 


Bar. Pr. 730 mm. Hours’ starva- 


SPIROMETER 

READIXG 

230 

200 

170 

145 

114 

122 c.e. 


TIME 

11:50 

11:55 

12:00 

12:05 

12:10 


TEM PER ATl'KE 


AXI.UAI, CHAMBER 

Bottle B 


BEFORE 

27.0° 


Oxygen consumption in 20 minutes = 122 c.e. 
Correction for drop in temperature in animal chamber 
Correction for drop in temperature in Bottle B. 


after 

27.3° (drop of 0.3°) 
27.2° (drop of 0.1°) 


0.3 x 5.9 = 1.77 e.c. 
0.1 x 13.0 = 1.3G c.e. 


Total 

-5gen consumption in 20 minutes (corrected) — 122 - 3 — 119 c.e. 
Oxygen consumption in 1 hour = 357; at 0° and 7G0 mm. — 304.5 c.c. 

O-H’gen consumption per kilo per hour = 304 ’ 5 -- 676 


3.13 c.c. 


450 


C.C. 


r ,1 s ,on " as tlie weight of the animal remains approximately the same, we 
me l more convenient and just as accurate to record the oxygen consumption 
U >1C centin >eters P er k ilo per hour, instead of cubic centimeters or calories 
chllv^r mCter perhour - Wc feel that this method is just as accurate, espe- 
van- os ' en one considers that the shape of individual guinea pigs does not 
establish f 308 1U 1U ™ an b6ingS - We d ° find k more accurate, however, to 
even- other metabol,c rate for eacb a “ raal by making determinations 

a) for several days, and to use that average as the metabolic 
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rate for that particular animal, since it is true that the metabolic rate of one 
animal may vary 10 or 12 per cent (see Table I) from that of another. 

We have listed below a series of 10 animals upon which determinations 
were performed during the summer months and another series of 10 with 
determinations made during winter months. The figures represent an average 
of from 4 to 8 determinations upon that particular animal. The animals listed 
below represent consecutive experiments, except that, out of each series of 10, 
one animal was discarded because of exceptionally high rate caused by uncon- 
trollable motion of the animal. 


Table I 


Metabolic Rate 
e.c. per kilo per hour 


10 animals in summer 

10 ANIMALS IN WINTER 

G40 

706 

075 

714 

GG3 

702 

635 

715 

G34 

G35 

GGG 

C40 

GOO 

G26 

5S1 

G10 

G21 

75S 

G35 

714 

Average G35 c.e. 

Average GS2 c.c. 

Variation of -G to +S per cent 

Variation of -0.5 to +11 per cent 

from the average 

from tlie average 


From the figures in the above table it will be observed that the average 
metabolic rate was approximately 7 per cent higher in winter than in summer. 
The individual variation was slightly greater in winter than in summer. 

No attempt was made to weigh the various foods given the animals, but 
it is important that the diet is not deficient in certain necessary constituents. 
In our experience, feeding lettuce, carrots, oats, and alfalfa, would maintain a 
healthy normal guinea pig. 

It is essential that animals of relatively the same age and weight be used. 
We have had the most consistent results with guinea pigs weighing between 
400 and 480 gm. Any sudden loss of weight due to starvation or illness will 
lead to erroneous results (elevation of the metabolic rate). 

We have made many determinations using a preliminary subcutaneous 
injection of 7 or 8 mg. sodium amytal twenty minutes before the test, and as 
far as we could determine obtained accurate results. The average oxygen 
consumption in consecutive animals receiving sodium amytal was 608 c.c. per 
kilo per hour, or 12 per cent lower than a series conducted at the same time 
without amytal. The individual variation in metabolic rate was —5 per cent 
and + 8.5 per cent from the average, or very slightly less than the variation 
in animals not receiving amytal. The dose of 7 or 8 mg. for an animal of 
about 450 gm. was sufficient to make it close its eyes and lower its head as if 
asleep, but not enough to make it lie down. It recovers from the effects of 
this dose very rapidly hut not before the determination is completed. 


5-15 
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PRECAUTIONS 

1. The system must be absolutely air "trht. It should be 

quently, if not after each determination by putting a weight P 

spirometer and observing the gas volume within t ic e> inter. . 

2. At first thought, motion of the animals would appear to . be a J «*«>“ 

source of error. With the exception of an occasional annna , v, i • 

discarded, this error can be eliminated, even though a gnmea p g • 
trained as can dogs or some other animals. Usually, darkening the chamber 

while the test is being made is of great advantage. If t ns is c 011 ^> ‘ 

chamber must be balanced in such a way so that motion can le tee- - 

recording the rate of consumption every five minutes, however, an> mo\ 
will be quickly detected by the increased oxygen consumption. ic an - 
must be starved at least fourteen hours, before each determination, but 
starved for more than eighteen, they are apt to be restless on accoun o iu 
ger. Guinea pigs do not tolerate cold quarters. If a metabolic determination 
is made while the animal is cold, it will, as expected, be elevate lo to o per 
cent. It is therefore essential that tlie temperature of tlieir quarters as we 
as the room where the determinations are made, be kept as w arm as _ - 

and that the animal chamber also he kept warm (preferably 25 to ~ .) 

while tests are being made. The apparatus must be protected from draughts 
of air. Although one can correct for changes in temperature, w itlnn t ic s> s- 
tem, this change will lead to less error if it is reduced to a minimum. 

3. When gas volumes are recorded, the spirometer must be adjusted so 
that the two water menisci are on the same plane, and tlie reading must be 
made a few seconds after Bottle B has emptied. 

4. Before each determination, the spirometer must be emptied and filled 
ivith oxygen, not air. If air is nsed, the depletion of oxygen within the sys- 
tem may lead to an enormous error (decrease in consumption as measured by 
the spirometer). 


SUMMARY 

We have described a simple apparatus, easily and cheaply constructed, 
which in our hands has yielded constant and presumably accurate results in 
determining tbe metabolic rate in small animals. We have nsed it only on 
guinea pigs, but see no reason why it could not he used for rats, especially if 
the sizes of the various chambers were reduced. By using proper precautions 
and discarding an occasional animal, movement can he entirely eliminated 
as a serious source of error. No claims for originality in construction of the 
apparatus are made. 



A COMPARISON OP THE WASSERMANN AND KAHN REACTIONS 
UPON SPINAL FLUID IN TREATED AND UNTREATED 
CASES OP PARESIS* 


De Lester Sackett, B.S., and Eric Eselius, B.S., Elgin, III. 


A LARGE number of articles have appeared in the literature comparing the 
**■ results of the Wassermann and Kalm reactions since Kahn introduced 
his test in 1922. 1 The Kahn reaction has been compared with many Wasser- 
mann technics, and at the present time it is generally accepted that there is 
a very close agreement between the results of the two tests upon blood serum. 

Although we cannot agree with those individuals who. for various reasons, 
recommend that the Kahn can completely replace the Wassermann reaction 
upon blood serum as a routine procedure, we do believe that the Wasser- 
mann tests should likewise not be run independently. It is our opinion that 
the greatest value of any precipitation reaction is that it serves as a necessary 
cheek to the complement fixation reactions. All complement fixation reactions 
should be controlled by a recognized precipitation test, and vice versa, and never 
by a technic based upon the same underlying principles. 

The Kahn reaction upon spinal fluid is also of value in the serology of 
syphilis, but has not been accorded the enthusiastic approval received by the 
same test upon the blood serum. Although many articles have been published 
containing a series of parallel Wassermann and Kahn reactions, which show 
a close agreement between the two tests, articles have appeared indicating that 
negative Kahn tests are frequently found upon spinal fluids of incomplete!.' 
treated cases of neurosyphilis. This is in direct contrast to that found in the 
results of the reaction upon blood serum, for in this case it has been repeatedl.' 
pointed out that the Kahn reaction appeared to be slightly more sensiti'e 
than the Wassermann. 


LITERATURE 

Kalin 2 reported the comparative findings of the Wassermann and Kahn 
tests upon 750 spinal fluids as follows: perfect agreement, 670 (394 positive, 
276 negative) results stronger in Wassermann, 44, results stronger in Kahn, 
26, and in 10 anticomplementary Wassermanns, satisfactory results were ob- 
tained with the Kahn. 

Again Kahn 3 reported the findings of his test and the Harrison Wasser- 
mann method as follows: Pour-plus reactions in the Wassermann 177, Kahn 
223; 63 two-plus Wassermanns and 18 one-plus Kahns. Neither reaction g nre 
any false positive results. These findings would indicate that the Kahn test 
was superior to this Wassermann technic. 

•From the State Psychopathic Institute. 

Received for publication, March 1 6. 1033. 

546 



SACKETT-ESEMUS : 


WASSIIHMAXX-KAHX UKAFTIOXS Ul 


■ox simxaii FijUH) 547 


Lederer* compared (lie results of (lie (wo tests upon 57 spinal fluids and 
found that the tests agreed upon 33 negative and 1!) positives. There was one 
relative agreement and in four treated eases the Wasscrmnnn was more oi less 
positive while the Kahn was negative. Using a modified Kalin technic he com- 
pared the two reactions upon 73 spinal fluids with the following results: 39 
negative with both tests and 17 positives in perfect agreement, one fluid giving 
a weakly positive Wassermann gave a negative Kahn, and in 7 fluids the Was- 
sermaim was negative and the Kahn more or less positive. 

Rabinovitch and Roberts’ 1 reported a series of 112 spinal fluids in which 
there was perfect agreement in 101 (03 negatives and 38 positives), and 
divergent results in 11 (4 stronger in the Wassermann, 0 in the Kahn), and 
one positive Kahn upon a fluid which gave an anticomplementary Wassermann 
reaction. They also observed that there was not any relation between the 
strength of the Kahn test and the amount of globulin present in the fluid. 

Davenport 0 examined 4S7 spinal fluids with the Kahn tests and obtained 
negative reactions upon 5 eases of neurosvphilis in a group of 118 diagnosed 
cases. He also obtained negative reactions upon 23 incompletely treated cases. 
The results of the Kahn test upon the remaining fluids in his group were in 
agreement with the clinical findings. 

Hull, Fry and Garwood 7 in 180 syphilitic cases found 135 positive and 45 
negative Kahn reactions upon the spinal fluid. All but 14 of the negative 
tests were from patients who had received antisyphilitic treatment. On 229 
fluids from patients classified as nonsyphilitic, 7 positive Kahn tests were 
procured. Of these 7 positive tests, 2 four-plus and 1 three-plus reactions were 
confirmed by positive gold sol reactions. The remaining had weak gold curves 
and v'eaker Kalm reactions. These authors conclude that the Kahn tests upon 
spinal fluid have a high degree of specificity in eliminating the possibility of 
cerebrospinal syphilis. 

Germat and Serafimov 6 compared the Kahn and Wassermann reactions 
upon the fluids of 50 cases with clinical syphilis. They found complete agree- 
ment between the two tests in 94.5 per cent and divergence in 5.5 per cent. In 
the latter the Kahn gave more positive reactions. In progressive paralysis treated 
with malaria and sulphur in oil, the Kahn retained a stability of the positive 
icaction. Only one case with prominent improvement of the patient gave a 
negative Kahn test. They conclude that the Kahn reactions have a fairly 
simple technic and deserve great attention. 

This brief review of the literature does not pretend to cover the subject, 
mt. is offered to demonstrate the diversified opinion as to the value of the 
two reactions. 


A. 


Because of the great dilution of the spinal fluid, it is first necessary to 
concentrate the reacting substances in the fluid by the precipitation of the 
tvil r?’ 1 ammonium sul P ,iate and then testing the redissolved globulin 
is r rea( ' tlon - 1 Since ammonium sulphate in sufficient concentration 

o producing a precipitate with the antigen, more salt solution must 
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be used ia the aiitigen dilution. This is usually between 0.3 to 0.4 c.c. more 
per 1 c.c. of antigen than the standard titer. 

It is evident that this weakening of the antigen would more or less affect 
the strength of the reaction obtained with its use. Kurtz and Larkum 5 fol- 
lowing the suggestion of Kahn and McDermott 10 have devised a technic which 
sufficiently removes the excess ammonium sulphate so that the regular serum 
titer gan be used. After precipitating the globulin with the sulphate and 
centrifuging the specimen to throw down the precipitate, they pour off the 
supernatant fluid and invert the tube in saline, dipping it up and down, taking 
care that the saline does not touch the precipitate at the bottom of the tube. 
The air is allowed to escape by means of a glass tube reaching from the en- 
trapped air in the tube through the saline into the open air of the room. This 
procedure is carried out in triplicate on each specimen and the globulin dis- 
solved in 0.3, 0.2, and 0.1 c.c. saline. They found stronger reactions in those 
tubes containing the more concentrated globulin solutions. 

We have been able to accomplish the removal of the excess ammonium 
sulphate by a technic which we feel to be simpler and to have less opportunity 
for mechanical accidents. In using the teclmic of Kurtz and Larkum unless 
great care is used in rinsing the tube in the saline solution, there is a possibility 
of losing some of the globulin because of splashing. Globulin is very soluble in 
saline, so, of course, any saliue coming in contact with it would result in a 
loss of globulin and reacting substances. 

MODIFICATION OF TECHNIC 

Our method differs from the technic just outlined in that after the globulin 
has been thrown down by centrifuging, the supernatant fluid is carefully 
pipetted off, the tube is placed in an inverted position upon some filter paper 
and allowed to drain for one-half hour. Then the inner sides of the tube are 
carefully dried by means of a cotton applicator, taking great care not to dis- 
turb the precipitated globulin. The globulin is then ready to be redissolved 
and the regular Kahn technic continued, except that the antigen serum titei 
can be used. In our study we did not concentrate the globulin dilution, but 
followed the routine Kahn procedure for spinal fluid. 

In removing the supernatant fluid it was found that if great care was used, 
it could be poured instead of pipetted off without affecting the end-result of 
the test. 

EXPERIMENTAL STUDY 

We have compared the results obtained upon 202 spinal fluids with the 
Wassermann (Craig teclmic 11 ), standard Kahn, and modified Kahn (employ- 
ing the serum antigen titer) reactions. This group consisted of 64 eases o 
untreated paresis, 90 cases of treated paresis, and 48 cases that were not con- 
sidered to be paretics. Tlie therapy used in the treated eases consisted o 
various fever therapies (diathermy, electric blanket, malaria and sulphur in 
oil) and tryparsamide. The spinal fluids were examined at a period ranging 
from two weeks following treatment to two years. 

Considering the group as a whole there was a perfect agreement between 
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ft, three test, in 119 ««* or 58.91 per cert (72 positives apt! 47 negatives) 
It would he very diflta.lt to determine the relal.ve agreement hetneen c 
three tests, as many fluids had a relative agreement with two o£ the leeetio 

but an absolute disagreement with the third test. _ , 

Chart 1 plots the curve of the perfect agreement of the spinal fluid W as- 



USSIRHANN A1H) STANDARD KAHN 

ussErcttsn Ain) jbdxfied kahk 

Chart x. — -Perfect agreement between spinal fluid Washormann and Ivahn reactions. 



UBS SUUUU A1ID STANDARD KAHK 

USSUOIANH AND UODIFIED KAHN 

Chart 2.— Perfect or partial agreement between spinal fluid Wassermann and Kahn reactions. 


nermann and the two Kahn reactions. There was 100 per cent agreement 
etveen the 'Wassermann and the standard Kahn in the 48 eases not diagnosed 
as hectics and having negative blood findings. In the 64 untreated cases of 
paresis, the agreement drops to 81.25 per cent or in 52 cases. In the treated 
eases this drops still further, or in only 20 of the 90 cases, or 22.2 per cent. 

There was one false two-plus reaction by the modified Kahn test among 
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the 48 nonparetics, thus making a 97.91 per cent agreement between tliis and 
the Wassermann reaction. In the untreated cases there were 60 eases in 
which there was a perfect agreement between the two tests or 93.75 per cent. 
This percentage dropped to 60 per cent or a perfect agreement in only 54 
of the treated cases. 

Chart 2 considers the sum of the perfect and relative agreement between 
the tests. The Wassermann and the Standard Kalin reactions had 100 per 
cent agreement in the nonparelics; in the untreated eases, 62 cases or 96.87 
per cent had either a perfect or partial agreement, and in the treated cases 
this dropped to 52.2 per cent or 47 cases. 

The Wassermann and modified Kahn reaction bad a perfect or relative 
agreement in 47 of the nonparetic or 97.91 per cent, in the untreated cases 



SASSER1IANN 

STANDARD KAHN 

MODIFIED KAHN 

Chart 3. — Positive reactions in spinal fluid. 

there was 100 per cent perfect or relative agreement and in the treated cases 
this agreement held true in 77 cases or 85.5 per cent. 

Chart 3 plots the positive reactions of the three tests. There wex - e no 
positive Wassermanns in the fluids of the nonparetics, 100 per cent of the un- 
treated cases of paresis had positive spinal fluid Wassermanns and 86 eases oi 
95.5 per cent of the treated cases also had positive reactions vdtli this test. 

The standard Kahn reaction gave no positive reactions in the nonparetics, 
in the untreated cases, 62 or 96.87 per cent and in the treated cases, 44 or 48-8 
per cent had positive reactions. 

The modified Kalin test gave one false positive reaction in the nonpaietie 
cases or 2.08 per cent, 100 per cent positive reactions in the untreated cases 
and in the treated cases 70 or 77.7 per cent had positive reactions. 

Chart 4 demonstrates the comparative strength of the three reactions. 
The Wassermann and the standard Kalin both had all negative reactions m 
the nonparetics, but in the untreated cases the Wassermann was stronger than 
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the standard Kalm in S cases or 12.5 per cent. The standard Kalm was not 
stronger than the Wassermann in any of the untreated eases. In the treated 
cases the Wassermann exceeded the strength of the standard Kahn in 70 
eases or 77.7 per cent, while t lie Kahn was stronger than the ’Wassermann in 
one case or 1.1 per cent. 


Comparing the Wassermann and the modified Kahn reactions, we find that 
the modified Kahn had one false positive reaction in the nonparetics so that. 
2.0S per cent of those eases had stronger precipitation reactions than comple- 
ment fixation. In the untreated cases there was a perfect agreement between 
the two tests, while in the treated eases the Wassermann was the stronger in 
28 cases or 31.1 per cent. The modified Kahn was stronger than the Wasser- 
mann in only 6 eases or 6.6 per cent of the same group. 



MABSERMANN STRONGER THAU STANDARD KAHH 

tASSERMAia! STRONGER THAI! 11031? ISO EARN 

STAKDARD KAHH STRONGER THAN RASSERMAHH 

MODIFIED KAHH STRONGER THAU TFASSEBIANN 

Chart 1. Comparative strength of the spinal fluid Wassermann and Kahn reactions. 


DISCUSSION 


It will be noticed from the preceding data that our findings are in great 
disagreement with other authors. We feel this is due to the great number 
0 treated cases included in our survey, because if only the nonparetic and 
Un reate<i paretic cases are considered, there would be a relatively high per- 
centage of agreement between the reactions. (Perfect agreement between Was- 
sermann and standard Kahn, 89.2 per cent; Wassermann and modified Kahn 
9o.s per cent.) ’ 


"fortunately the amount of fluid submitted for examinations was not 
„ en °ugh for us to follow completely the suggestion of Kurtz and Larkum 
the gioln,lin to a further extent than that of the standard Kahn 
ami v?' lj,ul ° nbtcrl,y ’ M ’ e '™ ukl kave found as they did. that more positive 
' ron " cr reactions could be obtained. However, in view of the fact that 
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we found one false positive among the 48 cases of nonparetics with the modified 
Kalm procedure, it would suggest that upon further concentration of the 
globulin, these false reactions tvould be found in even greater numbers. We 
feel that this method would be a dangerous procedure unless carefully con- 
trolled by a recognized Wassermann test and clinical evidence. 

It is worthy of note that our findings indicate a false impression is preva- 
lent if the Kahn reaction alone is used in determining the success of the treat- 
ment of neural syphilis : so many of these fluids had negative Kahns, although 
the Wassermann reactions remained positive. We definitely recommend the 
latter as the more delicate and reliable test upon spinal fluids. 

CONCLUSIONS 

1. The Wassermann reaction (Craig) upon spinal fluid gives a higher per- 
centage of positive reactions in treated and untreated cases of paresis than the 
standard Kahn or the modified Kahn employing the serum antigen titer. 

2. A new method is given to remove the excess ammonium sulphate from 
the precipitated globulin, which we feel is as efficient and more simple than the 
method of Kurtz and Larkum. 

3. The agreement between the three reactions is relatively high in non- 
pareties and untreated paretics, but falls off rather sharply in treated eases. 

4. The modified Kahn reaction employing the serum antigen titer gave a 
higher percentage of positive reactions in treated and untreated cases of 
paresis than the standard Kahn test. 

5. One false positive reaction was observed among 48 nonparetics with 
the modified Kalm reaction, indicating a possibility of error if this test is used 
exclusively. 

We wish to take tills opportunity to tiiank Dr. Sidney D. Wilgus, Director of the Sfafe 
Psychopathic Institute, for his interest, helpful guidance and suggestions in the preparation 
of this study. 
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SPECIAL RACK FOR SMITH FERMENTATION TUBES AND 

“U” TUBES* 


Pauline Epstein, New York, N. Y. 


O NE of the means of identification and differentiation of various strains of 
bacteria is the sugar reaction test, for which a Smith fermentation tube 
is used. The latter is filled with sugar broth into which the organism to be 
tested is inoculated. The amount of gas produced by the oiganism as meas- 
ured by its volume in the arm of the tube, as well as the production of acid, as 



Fig. 1. 


evidenced by the change in the color of the sugar broth, frequently facilitates 
the classification of different microorganisms. However, due to its specific 
and cumbersome form, the wide use of the Smith tube has been found difficult. 

In the process of the fermentation test the tube is subjected to numerous 
manipulations : 

A. Sterilization of the tube itself in hot air sterilizer. 

B- Filling it with culture media and sterilization of the media in the auto- 
clave or Arnold. 


C. Inoculation with the organism to be tested and incubation for its 
growth, etc. 

In the course of this handling the tube, because of its thin stem, too often 
weaks. In addition, due to its instability, the tube frequently tilts or falLs 
and displacing part of the gas in the arm by the broth, disturbs the test. To 
avoid t he breakage and to secure the results of the test, I devised a rack which 


leal Comg?! the Dr:r ' artni '- n t of Bacteriology, New York University and Bellevue Hospital Med- 
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lias been successfully used for some time in our laboratories. This rack con- 
sists of a base and a vertical plate. The base, 13.5 inches by 7.5 inches, is made 
of a metal frame and a wire mesh, which has 16 openings per square inch, thus 
allowing free circulation of steam or heated air during sterilization. 

The vertical plate, 7.5 inches by 13.5 inches is centered at the base. At- 
tached to the plate, centrally located, are six clasps at 2^ inches spacing on 
each side. 

Directly above and below each elasp there is a % inch diameter opening 
punched through the plate. The sides of the clasps also have % inch diameter 




openings. The holes in the plate as well as those in the clasps enhance further 
circulation of air and the maintenance of a uniform temperature through the 
entire surface of the rack. 

The rack is designed to hold “U” tubes as well as Smith fermentation 
tubes. In either case, the long arm of the tube is placed in the clasp, while m 
the Smith fermentation tube the stand rests on the base of the rack, thus afford- 
ing a double support, as shown on the end view of the rack. 

Monel metal was used in the construction of the rack because it is rust- 
proof and preserves its appearance. It is a solid unplated metal, white, ven 
hard and can therefore be subjected to various temperatures. 




DEPARTMENT OF REVIEWS AND ABSTRACTS 


Robert A. Kii.nrm:, MAX, Ajistra rr Kmtoi: 


DERMATITIS, Contact, Patch Test in the Diagnosis of, Ayres, S. Jr., and Anderson, N. P. 

Ann. Med. 6: 1101, 1933. 

The advantages of the patch test in determining the etiology of certain cases of 
dermatitis are mentioned, together with a description of the method of applying the test. 

Twenty-four cases of eczematoul dermatitis are reported, some of them in detail, in 
which the etiology was established by means of the patch test. 

The method advocated by the authors is as follows: 

If the substance is n chemical it should be applied in approximately the same dilution 
to which the patient has been previously exposed. Leaves of plants and shrubs should be as 
fresh as possible. Drv powders mav be moistened slightly with water. The substance to be 
tested is placed on a small square of cotton about the size of a postage stamp which is then 
applied to the flexor surface of the forearm, or other suitable area, and covered with a 
square of some impervious material such as cellophane, which should be about four times as 
large as the test aiea. This external covering is then held firmly in place by wide strips of 
adhesive tape. The space on all sides between the edges of the central cotton square and the 
edges of the cellophane is sufficient to prevent the adhesive tape from coming too close to the 
test area. Otherwise the mild temporary irritation which usually results from the adhesive 
tape might interfere with an accurate interpretation of the reaction. The patch test is allowed 
to remain undisturbed for twenty-four hours unless discomfort from irritation justifies its 
removal before this time. A positive reaction is characterized by a sharply defined square of 
redness corresponding in size and sliapc to the central test area. Papules and vesicles are 
also usually present, corresponding to the appearance of the original eruption. Evidences of 
the reaction can usually be noted for three or four days or longer after the test is applied. 
In rare instances the reaction may not develop for forty-eight hours after the test is applied. 

The test is simple, inexpensive, and closely simulates the natural conditions under which 
the dermatitis developed. It is usually very accurate. A few cases have been reported in 
which only certain areas of the skin were hypersensitive so that in the case of a dermatitis of 
the face, a patch test on the arm was negative while one performed on the face after the 
eruption had subsided was strongly positive. Such instances arc probably uncommon, but 
the possibility should be borne in mind. 


BLOOD PROTEINS, A Micromethod for the Quantitative Estimation of, Medes, G, Am. 
J. Clin. Path. 3: 430, 1933. 

One and five-tenths cubic centimeters of blood from the ear of a rabbit is allowed to 
drip directly into a centrifuge tube containing powdered potassium oxalate, with which it is 
thoroughly mixed. The tube is centrifuged at 3,500 revolutions a minute for four minutes. 

>o plasma is syphoned off through a fine glass syphon into a small straight-sided vial con- 
taining a 2-holed rubber stopper through one hole of wliieh passes the syphon, and through 
io other, a short glass tube connected by rubber tubing to a glass mouthpiece. By this 
arrangement the stream of plasma through the syphon can be regulated and the plasma re- 
move* from the mass oi cells to almost the last drop. The plasma is then distributed to 
pmmusly prepared 10 c.c. volumetric flasks by means of a Folin tube for micro determination 
oof sugar, accurately graduated in 0.1 and 0.2 c.c. graduations, 
annWr*T\ ra | 10n ° f F1:is]iS: The ^\\oy,ing amounts of anhydrous Xa.S0 4 are weighed on an 
ba,3n J' e " lt0 a ser!cs o£ 10 C.C. flasks: (1) none, (2) 1.07 gm., (3) 1.42 gm. 

to be’LfrTbo 1 ( l\ 2 '~° 4 rr gm ' 11110 X ° S ' 3 ’ 4 ’ al><1 5 aTC added °- 4 c ‘ c - o£ a buffer solution 
lbcd below. To all five tubes is added water at 35° to just below the 10 c.c. mark. 
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The flasks are stored in an incubator at 35° in order to maintain the Na.SO, above its eutectic 
point. When ready for use, 0.1 c.c. plasma is measured into each of Nos. 1, 2 and 3, and 

0.2 c.c., into Nos. 4 and 5, the volumes made up to 10 c.c. with warm water and the flasks re- 
turned to the incubator for three hours. 

Composition of Buffer (Berglund) : 29.0 c.c. of 0.2 M carbonate free NaOE, 50 c.c. 
0.2 M of KH„PO u distilled water (carbonate free) to make 100 c.c. This should give a solu- 
tion with P n 7.0 

At the close of the three-liour period, the contents of Plasks 2, 3, 4, and 5 are filtered. 
A fine smooth filter paper 0 cm. in diameter is employed. The filtrates arc collected in grad- 
uated centrifuge tubes; 9 c.c. can usually be procured. At the same time 9 c.c. of the con- 
tents of Flask 1 are transferred to centrifuge Tube 1. To each of the five tubes is added 
1 c.c. of 50 per cent trichloracetic acid and the contents thoroughly mixed by means of a 
fine glass rod which is then washed oiT with 4 per cent trichloracetic acid. The centrifuge 
tubes are allowed to stand for ten minutes at room temperature, and are immersed for ten 
minutes in a water-bath at 50° C. They are centrifuged at 3,500 revolutions per minute for 
twenty minutes, after which the supernatant fluid is decanted and the precipitate dissolved 
in one or two drops of 10 per cent NaOH stirring thoroughly with a fine glass rod and spread- 
ing the NaOH over the entire inner surface of the centrifuge tube. The contents aro then 
made up accurately to the original volume (9 c.c.). 

The nitrogen of each of these solutions is determined by Folin 's micro Kjeldahl method, 
employing 2 c.c. of each. Occasionally 3 c.c. may be required for some of the lower fractions 
of globulin. 

Computation: 

20 10 100 

S x — - x x = N 

R X Y 

where S = value of standard, B = reading of colorimeter, X = 0.1 or 0.2 c.c., according to 
the fraction being ashed, Y = No. of c.c. ashed, and N = milligrams protein nitrogen in 
100 c.c. of plasma. To obtain the grams of protein per 100 c.c. of plasma, multiply by 6-25 
and divide by 1,000. Total protein equals protein in Tube 1; fibrinogen equals Tube 1 
minus Tube 2; euglobulin equals Tube 2 minus Tube 3; pseudoglobulin I equals Tube 3 
minus Tube 4 ; pseudoglobulin II equals Tube 4 minus Tube 5 ; albumin equals Tube 5. In 
case values of only total protein, fibrinogen, globulin and albumin are desired Tubes 3 and 4 
are omitted. 

MALARIA, A Method of Making Slide Smears From Female Anopheles, etc., Barraud, P. J- 

Ind. J. Med. Res. 21: 457, 1933. 

The advantages of the technic described may be summarized as follows: 

1. The method combines, in the large majority of preparations, the advantages of dis- 
section of the salivary glands, with those of Sergents' method for detecting the presence of 
sporozoites in the body-fluid of mosquitoes. 

2. The insect host is preserved for identification and for reference in the future. 

3. The method can be carried out rapidly in the field where laboratory facilities, and 
sufficient time, for carrying out dissections in the ordinary way, are not available. 

4. The preparations can be made by an assistant not necessarily trained in the detection 

of sporozoites, or in the identification of mosquitoes. ... 

5. A microscope is not necessary for making the preparations. 

The apparatus required is as follows: A supply of test tubes with wool plugs; a suppl} 
of microscopical slides; two needles, or pins (preferably mounted in handles); some stagec 
tubes; a supply of small double-pointed entomologie pins and a pair of entomologic forceps. 
A chloroform tube, or a supply of chloroform, is also useful. The slides may be prepare 
previously by marking off three spaces by drawing transverse lines with a diamond, about one 
inch apart, and numbering these consecutively. 

The mosquitoes are caught in test tubes. When a preparation is to be made, kill ie 



ABSTRACTS 


557 


insect with chloroform, or by blowing tobacco smoke into the tube. When dead, turn the 
specimen out on to a slide. Arrange the whole mosquito on a numbered square, on its left 
side, with the head pointing away from you. Do not add any saline, or other fluid, as this 
is not required. Do not remove the wings or legs, and endeavor to carry out the following 
manipulations with as little damage as possible to the scaling, etc. Take a needle in the left 
hand and place the shaft of this flat across the front of the thorax. Press down with this 
so as to cause the thin cliitin of the front of the thorax below the neck (“prosternum”) to 
bulge out considerably. 

The salivary glands lie just within this thin sheet of chitin. 'With a needle held in the 
right hand cut into this part. Draw out, and cut off, the tissues which will protrude, and by 
continued pressure with the left hand needle at the same time, squeeze out some of the body 
fluid on to the slide. Endeavor to avoid severing the neck, or detaching the front legs. Tip 
the mosquito on to a piece of paper, and with a needle rapidly mash up and make a small 
circular smear, on the numbered square, of the tissues and fluid left on the slide. Dry this 
by waving the slide in the air. It should be noted that the dissection and smear arc made 
without any admixture of saline. When opportunity occurs the smear should be fixed with 
methyl alcohol or absolute alcohol, and the slides stored for staining and examination, which 
maybe done at any convenient time later. 

Pin the mosquito and mount it in a staged tube, marking on the stage the number 
corresponding to the smear on the slide. Observations on the locality, the nature of the 
Place where the specimen was collected, the date, and any other details considered worth 
recording, should be entered in a notebook at the time. 

Before making another preparation clean the needles thoroughly. 


GONOCOCCI, Cultivation of, Philadelphy, A. Wien. Klin. Wchnschr. 46: 1052, 1033. 

a ’f" 0 parts sterile human or horse blood are mixed with one part of distilled water in 
as The flask is closed with a sterile glass stopper and shaken vigorously for three 
AfT Tv 0 PreVCnt Coagulation - 14 is th en kept in the incubator at 60° for half an hour. 
flui,T 7- tl - me a f ° amj mass of fibrin coll ects at the top, while the dark red blood serum is 
aear on “ a P ro P orti<m of 1 to 2 with nutritive agar at 60° with a 2 per cent 

n ent and a P„ of 7.3 to 7.5. The nutritive medium is ruby red and transparent. 

the Pn p,r th ° r ® ad ? 415 cultllles from 108 Patients suspected of gonorrhea. In 354 instances 
of eonocncci 3 ^ 6 w TOth thC miCr0S=0p ‘ C fmdings - 111 29 Ounces the cultures showed growth 
that were donhtTf ^ gram negatlve S on °cocci were found microscopically. In four cases 
Positive d btful m,cr oscop I cally cultures gave positive results. In three cases that were 

blood S e r um r aTar P wer Iy aI h r e / aS ™ ° f the Cultures ' The results of cultivation on 

8 ere at least as good as those on ascites agar. 

I0DI ff 7 ’ ^ 33 ImPrOVed MiCr ° meth0d for Estimating, Patnaik, M. Ind. J. hied. Res. 21: 

with B) 1 per 'cent l ^ ° Us shonld ** he saponified 
wived in hot water then evaporated to dryness in a porcelain basin and dis- 

ks obtained. Whatever tlm " ^tables shonW be heated with alkaH till a complete paste 
form. T„ such an IL^ P T? ^ ^ be c °™ rted into aa easily workable 

"bile stirring with a glS ro7 th ' 7- T*- ° f is added and 

When the oxidation is Tomnie ° TW “ 3Sbestos pr0tected ^me. 

aWod slowly until the excess of \ 7 7T ° f absolute alc °bol is 

t datively and the liv,wT ' reduced ’ 11 15 then cooled and filtered quan- 

'byness'with a small amount of Ico" The"^'^''^ ^ ***** “ then evaporated to 
disintegration product besides ■' 7 W Wblcb alwa T s contains some nonoxidixable 

™ “ sA 
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disorganized. During tliis process of heating -.all the iodate coming in contact with the 
finely divided carbon is reduced to iodide. It is then made into a paste and extracted and 
estimated as usual. 

If during incineration the charred mass remains in a molten state due to an excess of 
potash, a requisite amount of K„C0 3 should be added to render the final product suitable for 
alcoholic extraction. 

For the determination of iodine from pure KMnO ( , 50 gm. of KMnO, is taken, and after 
reduction with alcohol it is filtered quantitatively. The filtrate is evaporated in five nickel 
dishes after addition of 3 gm. of K.CO, to each dish. Then before the evaporation is com- 
plete one gram of sugar (there being no iodine in sugar) is distributed among the five 
dishes. The rest of the process remains the same. In every determination the amount of 
iodine present in the KMnO, used up is subtracted in order to get the actual value. 


SYPHILIS, Flocculation Tests For, Mugrage, E. Am. J. Clin. Path. 3: 421, 1033. 

The following tests were compared in 1,000 blood specimens: Flocculation tests: 
Eagle, Hinton, Kahn, Kline, Meinicke (M.K.R.), and Miller (M.B.R.). Complement fixation 
tests: Kolmer quantitative, and a double antigen test. 

This series has shown the advantage of performing a complement fixation test and a 
flocculation test on every blood specimen as supplemental to each other. 

The flocculation tests have a definitely higher degree of sensitivity than the complement 
fixation tests in treated and latent cases of syphilis. 

The majority of the tests concerned have a high degree of specificity. 

All eight tests require a high degree of technical skill, and increasing experience with 
any test enhances its value. 


SERUM PROTEINS, Diagnostic Value of Changes in Kala Azar, Mudaliyar, M. R. G - 

Sundarum, S. K., and Ramachandran, A. S. Ind. J. Med. Res. 21: 3C1, 1933. 

The serum protein changes in kala-azar while not absolutely diagnostic of the disease 
offer distinct help in diagnosis of kala-azar in doubtful conditions. 

The essential changes in serum proteins in kala-azar are a fall in albumin with con 
siderable riso in total globulin, associated with increase in the relative proportion of 
euglobulin. A similar, but less striking change, has previously been recorded by Lloyd m 
secondary syphilis. 

Serum protein changes in a number of miscellaneous conditions have been recorded. 


B. PERTUSSIS, Rapid Agglutination Technic Applied to, Kendrick, P. L. Am. J. P» )- 
Health 23: 1310, 1933. 

Antigen . — The forty-eight-hour growth of B. pertussis on a Bordet-Gengou slant is trims 
planted to a half Petri plate of Bordet-Gengou medium. After forty-eight hours' incubation, 
the growth is removed with a stiff, bent needle and emulsified in 1.5 c.c. of physiologic sn 
solution. The suspension is filtered and adjusted, if necessary, to a turbidity of approximate ) 
10 billion organisms per c.c. by comparison with a standard. 

Filtration is an important step in obtaining satisfactory smooth suspensions. Test tub 
filters are prepared for this purpose. A thin layer of moistened cotton is shaped around ® 
finger, placed on a simple copper wire netting support, and inserted in a 5 x ?s tube, 
free end of the wire strip being bent to hook over the lip of the tube. The cotton is mo ( c^ 
against the walls of the tube by means of a wooden applicator. These filter tubes are p ugge 
with cotton and sterilized. The filter is easily removed after use and the plug reinserte 

For a larger filter, a layer of gauze and cotton is wrapped around the outside of 
square of wire netting cut from a bias strip and shaped to fit inside the nick of t e o 
or flask of the desired size. The filter is suspended by two wires which cross un er i , 
through the netting, and are hooked over the lip of the flask. 
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Antiserum. — 1'or vwpnT.if.on of a diagnostic scrum, a rabbit is injected intravenously 
with a 10 billion per e.e. suspension prepared from a forty-eigl.t-l.our growth of a rcccn ly 
isolated B. pertussis culture to which merthiolate 1:10,000 has been added at least twen y 
four hours previouslv. Tlie injection doses are 0.1 e.e., 0.S e.e., and 1.0 e.e., respectively, 
at three- to four-dav intervals. About 1 week after the last injection, the agglutination titer 
(equivalent, as explained below) has been around 1:20,000 in the six different rabbits 
treated by tins method. The serum dilutions for agglutination tests are chosen according 
to the particular conditions. For testing cultures isolated by the cough plate method, the 
dilutions usually employed are 1:10, 1:100, 1:500, 1:7. )0, 1:1,000, 1:1,500, and 1 ._,00Q. For 
uniformity, the same dilution scheme is always employed and separate pipettes are used for 


the different dilutions. 

Tho agglutination test — onc-lcntli e.e. of each serum dilution is mixed with 0.1 e.e. 
of antigen, the measurements being made with 1 c.c. pipettes graduated in tenths. 1 or an 
antigen control, 0.1 c.c. of saline is mixed with 0.1 c.c. of antigen. The mixtures are shaken 
by hand for three minutes. For the stinking process, the racks arc rocked at tho rate of ap- 
proximately 00 back-and-forth motions per minute and in such a way that the contents flow 
up the walls of the tubes for about three-quarters of their length. After the shaking period, 
physiologic salt solution is added for greater ease in reading. Because of its convenience, the 
Hippie pipetting apparatus, used in the Kahn test and set to deliver 0.5 c.c. of saline, is 
ordinarily employed. 

Beading the tests~the tests are read immediately after the addition of saline and each 
tube recorded as ±, +, ++, + -f +, or + + + +, according to the degree of agglutination. In 
the interpretation of the results in comparison with those given by other workers, a question 
arises because tho final dilutions in the rapid test are not strictly comparable with those 
ordinarily given. This is of small consequence, however, provided the method of expressing 
tl<c results is cleaTlv stated. In the 0.2 c.c. mixtures of the rapid test, the series of scrum 
dilutions 1:10 to 1:2,000 would give a scries of final dilutions from 1:20 to 1:4,000. Any 
particular final dilution in the usual 1 c.c. test would contain five times the actual quantity 
°f serum and antigen contained in the same dilution of the 0.2 c.c. rapid test. Therefore, 
if based on the actual quantity of serum present in the mixture, the series of final dilutions 
1:20 to 1:4,000 of the rapid test would be equivalent to a series 1:100 to 1:20,000 in the 
usual 1 c.c. test. 


TYPHOID BACILLI, Isolation of From Water and Sewage, Wilson, W. J. Brit. M. ,T. 3794 

(Sept. 23), 500, 1933. 

The method following is described as very efficacious: 

To 100 c.c. of 3 per cent nutrient agar were added 10 c.c. of a stock glucose-phosphate- 
sulpldtc-bismuth mixture, and 1 c.c. of a 1 per cent solution of brilliant green. Equal 
volumes (25 c.c.) of the medium, cooled to 55” C., and water were mixed and poured into 
ictri dishes. After the medium had set and been incubated, black colonies consisting of 
typhoid bacilli developed in its substance. These were subcultured on to MaeConkey plates, 
and cultural and serologic tests applied. 

The bismuth media are very easily prepared when a stock solution is available, and such 
stock solutions keep for months. Dissolve G grams bismuth-ammonio-citratc scales in 50 c.c. 
o boiling distilled water, and neutralize by the addition of about 2 c.c. of 10 per cent caustic. 
? oca Mix with a solution obtained by boiling 20 gm. sodium sulphite anhydrous ia 100 
c-c. o water, and then, while tlie mixture is boiling, add 10 gm. of sodium phosphate anhydrous. 
io sulphite-bismuth-phosphnte mixture, when cool, add a solution of glucose obtained by 
of commercial glucose in 50 c.c. of boiling distilled water. For preparation 
stn „. S . : ' T "^ ar d inednmi, add to 100 c.c. of a hot melted 3 per cent nutrient agar 20 c c of 
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UNCINARIASIS, Acute From Massive Infestation and Its Implications, Ashford, B. K., 

Payne, G. C., and Payne, F. K. J. A. M. A. 101: S43, 1933. 

In the discussion of an outbreak following prolonged bathing in polluted water the 
authors comment that the secret of what happened to these patients is found in a study 
of the leucocytes. 

First, infestation, when sufficiently massive, produces leucocytosis, and this leueocytosis 
is eosinophilic. In every one of these cases this occurred and on these abnormalities, with a 
history of ground-itch, sudden loss of strength and color, and, generally, diarrhea, the correct 
diagnosis should be strongly suspected, if not actually made clinically, as in this instance it 
was made. In theso cases, in from one to two months after infestation, a high leucocytosis 
was found already developed. It oscillated for two or three months and then, throughout 
nine months, gradually sank to near or quite normal. 

But if the leucocyte count is striking, the eosinophile percentage is still more so. When 
the patients were first examined, this percentage was found to lie all the way between 14 
and 69. When most of the worms in the intestine had been expelled, the percentage arose; 
but this was not on account of the expulsion of the worms. There is, we believe, a more 
reasonable explanation: There is a growing feeling that cosinopliilia is a phenomenon related 
to the disintegration and absorption of foreign protein. The old idea that eosinophilia in 
uncinariasis is due to a toxin produced by the worm can no longer be accepted in its literal 
sense. The eosinophilia rises when the larval mortality in the tissues rises. 

BIOPSY, Present Status of, McGraw, A. B., and Hartman, F. W. .T. A. M. A. 101: 120j, 

1933. 

The worth of the biopsy in diagnosis, prognosis and as an index for treatment is at 
present thoroughly and soundly established. 

Properly conducted, its lack of danger is likewise established. Its few contraindications 
are well known and recorded. 

Its status as a technical procedure, though clearly allowing of future improvement, has 
attained a satisfactory level of combined simplicity in procedure and materials and of re- 
liability in preparation. 

Its opportunities for future development and practice under optimum conditions he 
largely in stimulation of interest and furnishing of facilities for more pathologists and surgeons 
to devote the time and hard work necessary to perfect themselves in the difficult field of tumor 
pathology. 

POLYCYTHEMIA, Benign Familial, Spodaro, A., and Forkner, C. E. Arch Int. Wed. 52. 

593, 1933. 

Observations on the blood, together with other clinical studies, of ten members (two 
generations) of a family in which polycythemia and splenomegaly were present are reported. 
The existence of polycythemia in an earlier generation of the family is suggested by the 
history. 

This family differed from those previously described in that characteristics of po y 
cythemia vera, other than the increased number of red blood corpuscles and enlargement o 
the spleen, were not present. 

The term “benign familial polycythemia” is suggested to distinguish this condition 
from polycythemia vera and from polycythemia due to recognized causes. 
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EDITORIAL 


Some Pitfalls in the Study of Sex Hormones 

/^\NE of the most diligently cultivated fields of scientific investigation at the 
present time is that of the interrelations between the gonads and the an- 
terior hypophysis, the fruits of which have already amassed a large volume. 
As is always the case, much of this literature is confusing in its conclusions, with, 
oftentimes, a blind following of methods already outmoded. In the following 
paragraphs an attempt will be made to evaluate some of this literature in terms 
of actual accomplishments, with a view of aiding further work along this line. 
The whole subject has been amply reviewed by many able investigators and a 
duplication of this will not be attempted, the aim being rather to correlate 
certain phases of the work. 

As one examines the literature it is evident that the same criteria of the ef- 
ficacy of administration of the sex hormones is fairly general, the weights of the 
gonads of immature animals which have received injections for a short period, 
usually two or three days, with the opening or closure of the vagina. In very 
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many cases, particularly with routine assaying of extracts, the latter test only 
is used, many investigators using the same animals repeatedly, with short inter- 
vals between each test. 

It has been shown (Lipsehiitz, 1932; Swezv, 1933a; Evans et al., 1933; 
Fluhmann, 1933) that the ovary has no necessary relation to the vagina when 
hormones are administered experimentally, comificd cells occurring with the 
ovary in all stages of change between normal and excessive lutcinization, and 
with or without large follicles, hence this test gives evidences only of the pres- 
ence of the single factor responsible for vaginal changes. Lipsehiitz further 
showed that these vaginal changes may take place with no corresponding changes 
in either uterus or ovary. Much evidence is also accumulating to show that this 
factor is not identical with folliculin, progestin, the growth, follicular growth, 
or luteinizing hormones, and is widely distributed, occurring even in plants. 
As was first demonstrated by Stockard and Papaniealaou (1917), the different 
stages of the normal estrous cycle of many of the lower mammals are charac- 
terized by clear-cut changes in the cellular contents of the vagina. Much ex- 
perimental work has also shown that these changes are directly due to the action 
of hormones. The work shows equally well, however, that decreasing or in- 
creasing these hormones completely upsets the normal relations between them, 
resulting in conditions which diverge widely from the normal, not only in the 
ovary, but in the uterus, vagina, and even in the hypophysis itself. Under such 
conditions it is too much to expect that the vagina will still reflect the changes 
in the ovary. That this is true is abundantly proved by the results of much pub- 
lished work, in which all conditions of the ovary are associated with estrous 
smears as well as with dicstrous ones. This fact that it does not give reliable 
information concerning the state of the ovary and uterus makes the vaginal 
smear method an unsuitable one for sole reliance as on assay test for sex hor- 
mones. In his recent review of the biologic assay of the sex hormone of the 
ovary, Marrian (1933) omits all mention of any other test for this hormone. 
That it is the sole test in so much of the work with hormones may well account 
for much of the variable results reported. 

The practice of using the same animals repeatedly after a few days’ inter- 
val lias an even greater fault. The recent work of Emery (1933) shows that 
the ovaries of rats receiving injections of two castrated rat hypophyses on 
two successive days, reach a maximum size at twelve days and remain larger 
than the controls for about two months, when rats twenty-five days old are used. 
Since this is the usual age and length of treatment for experimental rats, it is 
evident that they will not be in optimum condition for some time after, the 
initial treatment, as it is doubtful if results exactly comparable to those obtained 
in animals until ovaries in the normal immature state will be obtained in animals 
with ovaries already extensively luteinized. Even when no vaginal changes aie 
found in these animals, it has been shown that changes in both ovary and uterus 
may take place (Evans et, al., 1933), which might render their use a few days 
later of questionable value. The results reported by Selye and Collip (1933) 
show that early luteinization (day sixteen) will prevent the usual reaction of the 
ovary at a later date (day twenty-six) with continued injections. The work o 
Evans indicates the same possibility. The use of such animals may account oi 



KniTOlllALi 


5G3 


much of the variable results obtained from different samples of these hormones 
put out by commercial laboratories, but the practice is by no means confined to 
such laboratories, as it is usually recommended for all routine an oik. Conn aid 
and Bum (1927) used animals not more frequently than once a fortnight, an bile 
Allen ct al. (1030) used rats once a week. Coward and Burn found that out 
of 50 rats used three times, only 19 gave the same result each time. These 
Nvere ovaricctomized. Since these hormones affect the ovary mainly, it is prob- 
able that the differences Nvould have been greater in normal animals. It is 
doubtful Nvhether the disadvantages of using animals repeatedly, without a suf- 
ficient time elapsing for full recovery, can be compensated for by using large 
numbers of animals. This might be of little importance with many experiments, 
but for careful analytical work it is the attention to such small details which 
assures success. 

The use of the weight of the ovary as an assay test is also open to criticism, 
since this is no infallible guide to the kind of change induced by hormone treat- 
ment, though excessive weights are nearly always associated Nvitli extensive 
luteinization. In a recent article Van Dyke and Wallcn-Lawrcncc (1933) at- 
tempt to determine the differentiation of the follicular growth and luteinizing 
hormones by the weights of the ovaries induced in immature rats, Nvitliout ref- 
erence to the possible presence or absence of lutein cells in them. It is neces- 
sary that some follicular groNvth take place before a noticeable change in the 
Nveight of the ovary is obtained. But, since the luteinizing hormone may induce 
the formation of lutein cells from the germinal epithelium and tunica albuginea 
(Swezy, 1933a), it seems certain that evidences of the presence of this hormone 
may be found Nvith but little change in either size or weight of the ovary. Selye 
et al. (1933) induced luteinization in the thecal cells of the small follicles of the 
ovary of the rat, beginning about day thirteen, Nvith no macroscopic change 
m the ovary, Nvith pregnancy extracts, and in the guinea pig without accompany- 
ing follicular growth. Any attempt therefore to determine the presence or ab- 
sence of the luteinizing hormone in any preparation would involve a careful 
examination of stained sections of the ovary, even though no response had been 
elicited by the treatments in the vagina or in the weight of the ovary. In fact 
this seems more necessary in the case of the latter animals, as a pure luteinizing 
hormone would thus be demonstrated. 

A considerable amount of follicular growth may also be found without a 
significant increase in the weight of the ovary. The presence of follicular growth 
hormone in small amounts could be detected only by the same means as has 
been suggested for the luteinizing hormone. Between this stage and that of 
extensive luteinization or the production of large follicles in great numbers, 
ion ever, it is not always possible to determine from macroscopic examination 
NNbat structures are predominant. 

The relation of estrin, or factor inducing comification in the vagina of 
rodents, to folliculin, or factor inducing growth in the endometrium, is one 
raught with much confusion. In the normal animal these two factors seem 
o occur at approximately the same time in most cases, though this does not 
always hold time in the cat (Evans and Swezy, 1931). Under experimental con- 
' ' lons the Preponderance of evidence indicates that the factor inducing cornifi- 
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cation is not identical with that inducing growth in the uterus, though the idea 
that they are one and the same seems to he prevalent. This acceptance of their 
identity lias resulted in the widespread use of the vaginal smear test as the im- 
portant one in the assay of these hormones. 

Many investigators believe that a single hormone may be responsible for 
the changes in uterus and vagina, the relation being a quantitative one, yet, 
in tlic normal animal, maximal growth of the endometrium is associated with 
cornification, this never occurring during the initial stages of growth when a 
smaller amount of hormone is presumably present. Further evidence against this 
assumption is found in the work of Evans et al. (1933), in which all stages of 
growth of the uterus from medium to an cstrous type and ovaries with medium 
and large follicles are present in rats treated with hypophyseal hormones and 
the vagina still closed. On the other hand, Lipschiitz obtained vaginal changes 
udth the administration of hypophyseal extracts but no changes in either ovary 
or uterus. The presence of cornification with no medium or large follicles, has 
been noted by a number of investigators, as well as ovaries filled with large fol- 
licles and a dicstrous smear in the vagina. With these results in both normal 
and experimental animals, there seems to be no grounds for assuming that a 
single factor is involved in the changes in the vagina and uterus. Two separate 
factors are indicated. 


Allen et al. (1930) found that the amount of estrin present in human cor- 
pora was highest after recent ovulations, days thirteen to sixteen, and lowest 
in ovaries with older corpora, in two cases at days twenty and twenty-two, and 
that there was an abrupt drop with menstruation. It is well known that m 
the first half of the ovarian cycle following ovulation, there are no large follicles 
in the ovary, these reaching a large size only toward the end of the cycle. Since 
ovulation seems to occur in the middle third of the cycle in the majority of case?, 
these relations would mean that the eight to ten days preceding menstruation 
would find only small to medium-sized follicles in the ovary. Frank and Gold- 
berger (1926) find, however, that estrin reaches its greatest concentration neai 
the first day of menstruation, the early part of the cycle showing only a small 
amount, with an increase from day ten to fifteen. If these were not cases m 
which ovulation occurred near menstruation, these results would suggest that 
the greatest concentration of follicular secretions came at a time when theie 
were apt to be only small to medium-sized follicles in the ovary. This assump- 
tion is contradictory of much work on the lower mammals, since here the greatest 


concentration, as shown by the only critical test, the growth of the uterus, comes 
immediately preceding or coincident with ovulation. At first sight this nou 
seem to mean that these physiologic processes and hormones differ radical 1} m 
the human from those of the lower mammals, yet a considerable body of nor' 
indicates that they are very similar. Frank and his coworkers used only the 


presence of cornification in the vagina as the test of these hormones. 

Cornification has no recognized place in the human cycle, hence the factoi 
for it, found in a wide range of preparations, including plants, would seem to 
have no invariable relation to the ovarian cycle, while the factor causing ' 

in the endometrium does have a constant and invariable relation. The regu an y 
of the uterine cycle in the human being, with its dependence on folhculm, is a 
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constant ns may be found in the rat or guinea pig. There are no evidences yet 
brought out indicating a different hormonal relation. A clarification of these 
relations and the hormones associated with them can be obtained only by more 
critical analyses of the experiments conducted with them. In the light of present 
data it would seem expedient to restrict the use of the term estrin to the factoi 
related directly to the vaginal changes, and, what is more important, to restrict 
the vaginal smear test to the assay of estrin, and not use it as a valid test for 
other hormones. 

It has been pointed out elsewhere (Swczy, 1933b) that in all experimental 
work on normal animals, the hypophysis of the test animal itself largely decides 
the results when sex hormones are being studied. Whether this is true of other 
hormones also must be determined by further work. This result seems to be 
due to the presence of an activator in some preparations, including human preg- 
nancy extracts and the hypophysis of the infantile rat, which is able to stim- 
ulate the hypophysis of the host to increased hormone production. This con- 
clusion is supported by a number of experiments from different laboratories. 
The difficulties of determining the hormone content of any preparation are thus 
increased, since this can be done accurately only when the animal’s own hy- 
pophysis is eliminated through hypophysectomy. This does not disparage the 
use of normal animals for such experiments, however, as these are a vital neces- 
sity in gaging the therapeutic value of such preparations, but it does suggest 
the necessity of basic work under carefully controlled conditions, and such con- 
ditions are not obtainable in the noimal animal, its own hypophysis being the 
disturbing factor. 

In judging the value of these preparations the “gonad-stimulating potency” 
has been one of the main tests. In the rat this potency is measured by the weight 
of the ovaries produced, great potency producing heavy ovaries, tilled mainly 
with luteal tissue. The luteinizing hormone, which brings about this result, 
checks ovogenesis and the growth of follicles (Swezy, 1933a) and produces 
ovaries having a tumor-like metabolism (Szarka et al., 1933). In the normal 
animal the corpora lutea, so far as present data indicate, have little or no func- 
tion beyond inducing the secretion phase in the uterus and the maintenance of 


pregnancy. It is therefore a serious question of what value the administration 
°f the luteinizing hormone, which has, as its chief function, the induction of 
the formation of this luteal tissue, may be in the nonpregnant individual. Its 
disadvantages would seem to outweigh any possible benefits. On the other hand, 
the hormone which stimulates the growth of the follicles, resulting in the secre- 
tion of folliculin with its reaction on the hypophysis itself, would seem to have 


? rcatcr value as a therapeutic agent. This aspect of the effects of the “gonad- 
stimulating hormones” needs further study before the clinical importance of 
t lose preparations can be adequately tested, and some other criterion must he 
ound for evaluating the extracts which will not stress the luteinizing hormone 
ns the important one, a position which it holds in present methods of testing 
mm for potency. In this connection the suggestion of Leonard (1933) that 
? traCtS Should be combined with the hormones of the hvpophvsis 

^ut on ° Var St ' ,mu1a1i ° n ” 5s desired ’ former emphasizes tlm need of 
thlS P ° mt ’ as tbc desirability of ever producing such great ovarian 
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stimulation is open to very grave doubt. These heavy ovaries contain abnormal 
masses of luteal tissue, derived mainly from atretic follicles, and thus represent 
a pathologic condition which would seem to have little therapeutic value. 
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CLINICAL AND EXPERIMENTAL 


the combined effects of bile salts and oleic acid 

ON CHOLERESIS* 


Frank Wang CoTui, New York, N. Y. 


T HE word “choleresis” is here used in the sense advocated by Brugster and 
Horster. 1 It stands in the same relation to the secretion of bile that the 
word “diuresis" does to the secretion of urine. A substance that increases bile 
production is, according to this terminology, called a diuretic as contradistin- 
guished from a eholagogue, a substance that promotes the expulsion of bile. 

That bile salts, when absorbed, stimulate the further production of bile, 
has been established beyond reasonable doubt by Seliiff, 2 Rosenberg, 3 Okada, 4 
Foster, Hooper and Whipple, 3 Specht, fi Mellanby, 7 and numerous others after 
them, prominent among the recent workers being Chabrol 8 and his collaborators. 

The work of Doyen and Dufourt, 9 showing that soap causes a slight diminu- 
tion in the bile secretion during the first twenty-four hours, prompted Okada 4 
to investigate the effect of sodium oleate as a choleretic. He found that sodium 
oleatc, after ingestion, exerts quite a powerful stimulating effect on bile pro- 
duction. Chabrol and Charonnat 8 found that oleic acid as well as sodium oleate 
administered both intravenously and into the duodenum caused a marked 
choleresis. 

As far as could be determined from a review of the literature, little work 
of any consequence has been done on the potentiation of one choleretic by 
anothe r on experimental animals. Meissner 10 investigated the effeets on bile 
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secretion of salicylic acid and the sodium salt of cinnamic acid and of benzoic 
acid and theobromine salicylate. Finkelstein and Lipsehutz" showed on human 
subjects with the aid of the duodenal tube, that when bile salts were injected 
into the duodenum, the biliary output as compared with control periods aver- 
aged 91 per cent; but that when oleic acid was administered with the same 
dose of bile salts the increase was over 143 per cent. Under their experimental 
conditions, however, it was impossible to eliminate the eholagoguc factor of 
both the substances used. 

The purpose of the work to be reported below is to determine whether 
relatively small doses of bile salts combined with small doses of oleic acid, 
cause a larger flow of bile than when these two choleretics are given separately. 

EXPERIMENTAL PROCEDURE 

Twenty-four picked animals were used in this investigation. They were 
all healthy, young adults, all weighing 15 kilograms at the time of the 
experiment. The food was the stock feed of scraps, used in the laboratory 
kennels, and given twenty-four hours before the experiment. All the animals 
were anesthetized with nembutal* (pento-barbital) 750 mg. per dog, given 
intravenously ten minutes before the operative preparation. In order to insure 
a uniform anesthesia, each animal was given 100 mg. more of nembutal each 
hour after the initial dose, until the termination of the experiment. 

The operative procedure was similar to that used by Chabrol. 8 The abdom- 
inal cavity was opened through a midline incision. The common duct was 
cannulated, and the cannula connected with a rubber tubing through a U-shaped 
glass tube after the method of Kous and McMastcr. 12 The rubber tube was 
then made to project out of the abdominal cavity’ into the collecting vessel. The 
gallbladder was segregated by a ligature around the common duct. For the 
instillation of the choleretics into the duodenum, a moderately rigid rubbei 
tube was introduced through a small opening on the anterior wall of the 
pylorus into the duodenum. This tube was anchored to the pyloric wall by a 
purse-string suture and -was just long enough to project out of the abdomma 
cavity. When not in use, it was kept closed with a screw clamp. The abdomen 
was closed around the tv r o outjutting tubes at the completion of the operation. 

Specimens of bile were collected every half hour until a level or a down- 
ward trend in the amounts for three successive periods was obtained befoie 
the choleretic substances were instilled through the tube leading into the duo- 
denum. In some experiments this level or downward trend was attained m 
four collections, in others, in five, or six collections. Inasmuch as this time ^ aria 
tion was evenly distributed in the three series, it was not taken into considers 
tion as a possible source of error. 

The collection after the instillation of the choleretics was continued foi 
three more periods. This was done because in preliminary experiments it was 
found that- under the above experimental conditions and in the doses ° 
choleretics used, the increased bile flow’ was evident in the first three hal 10111 

•Grateful acknowledgment is made of the nembutal kindly furnished us bj the A 
Laboratories, New. York, New Tork. 
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collections after administration, and that in the fourth period the yield was 
back to nearly that of the period immediately before the administration. The 
total collection of the three postinstillation periods, was, therefore, deemed to 
be a faithful representation of the increased eholercsis induced by the choleretics. 
The amounts collected during the three half hour collections prior to the in- 
stillation of the choleretics were used as the controls. 

The twenty-four experiments were divided into three series of eight experi- 
ments each. The first eight dogs were given bile salts in the dosage of 150 mg. 
each of sodium taurocholate and sodium glycoeholatc, in 10 c.c. of water. The 
second series were given 3 c.c. of oleic acid with 7 c.c. of water, and the third 
series 150 mg. each of sodium taurocholate and sodium glycoeholatc, plus 3 c.c. 
of oleic acid and enough water to make up to 10 e.c. 

The protocols are reproduced in table form (Tables I, II, and III). 

DISCUSSION 

It will be seen from Table I that in this series five showed a rise after the 
administration of bile salts, while three showed a fall. Thus bile salts failed 


Table I 
Series I— Bile Salts* 


exper. 

BILE COLLECTED IN % 
HOUR PERIODS BEFORE 
ADMINISTRATION 

BILE COLLECTED IN */> 
HOUR PERIODS AFTER 
ADMINISTRATION 

TOTAL AMOUNT OF 
BILE COLLECTED IN 
THREE HALF 
HOUR PERIODS 

PER CENT 
INCREASE 

— _____ 

•3RD 

PER. 

2KD 

PER. 

1ST 

PEE. 

1st 

PER. 

2nd 

PER. 

3rd 

PER. 

BEFORE 

_! 

AFTER 

1 

2 

3 

4 

5 

6 

7 

8 

Average 

J . 1 . 50 n 

c.c. 

2.1 

1.6 

1.3 

0.9 

2.3 
1.5 
0.6 
2.2 

each 

c.c. 

1.5 

1.5 

1.1 

0.8 

2.3 

1.4 
0.6 
1.8 

of sodiv 

c.c. 

1.1 

1.1 

1.1 

0.8 

2.3 

1.4 
0.6 
1.4 

c.c. 

1.1 

1.0 

2.5 
1.1 

2.6 
2.1 
0.6 
1.4 

C.C. 

1.4 

1.7 

2.4 

1.2 

2.8 

2.7 

1.2 

2.0 

c.c. 

0.8 

1.3 
1.6 
0.8 

2.5 

2.6 

1.4 
0.5 

C.C. 

4.7 

4.2 

3.5 

2.5 

6.9 

4.3 

1.8 

5.4 

4.16 

c.c. 

3.3 

4.0 

6.5 

3.1 

7.9 

7.4 

3.2 

3.9 

4.91 

-29.8 
- 4.8 

85.7 

24.0 
14.5 

72.1 

77.8 
-27.8 

18.0 


/ 


as a choleretic in 37.5 per cent of the experiments In tW 

sir “ ,bo '; e z 

- - in ,he -* — - 

121 s ri :r,i in T i:t n - r™ ^ *■. 

Series I. The hinhoT * Percenta " e failu ^ is here the same as in 
average of the total of' tihTth^halfVTOr fTV™ 8 100 per cent > aild the 
t>on was higher by 18.3 per cent tlan 1 1^ 01 t ^ 3fter the admi ™tra- 
apparent that the dose of bile Jbs ^ Peri ° ds before - It is 

the same choleretic power. ' ° eic acid llsed here had about 
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Table II 


Series II — Oleic Acid* 



I BILE COLLECTED 

IN % 

1 BILE COLLECTED 

' IN % 

TOTAL AMOUNT OF 


t 

HOUR PERIODS BEFORE 

nOUR 

PERIODS 

AFTER , 

UIIjK tAJlihbt/ihU 

THREE HALF 

PER CENT 

EXPER. 

ADMINISTRATION 

| ADMINISTRATION 

dour periods 

INCREASE 


3RD 

2nd 

1ST 

I 1st 

• : lfl 

3rd 





PER. i 

PER. 

PER. 

; per. 


PER. 

i 

1 


1 

C.C. 

C.C. 

C.C. 

c.c. 

C.C. • 

C.C. 

c.c. 

c.c. 


i 

o.s 

0.6 

0.4 

: 0.3 

0.3 

»ilP' 

1.8 

1.3 

-27.8 

o 

0.5 

0.5 

0.4 

0.5 

1.0 1 


1.4 

2.4 

71.4 

3 

0.9 

0.0 

0.6 

o.s 

0.5 | 


2.1 

1.7 

-19.0 

4 

0.7 

0.7 

0.6 

' 0.6 

0.8 i 


2.0 

2.4 

20.0 

5 

0.G 

0.6 

0.6 

( 0.6 

1.2 

1.4 

1.8 

3.2 

77.8 

6 

2.6 

2.0 

1.6 

2.4 

1.4 

1.1 

6.2 

4.9 

-21.0 

7 

1.3 

0.7 

0.7 

1 1.2 

2.1 

i.i 

2.7 

4.4 

C3.0 

8 

0.4 

0.4 

0.4 

O.S 

1.0 

0.6 

1.2 

2.4 

100.0 

Average 




1 



2.4 

2.84 

18.3 


•3 c.c. of oleic acid in 7 c.c. water. 


Table III, which represents the series of eight experiments in which the 
bile salts and oleic acid were combined, shows some striking figures. All the 


Table III 


Series III — Oleic Acid Plus Bile Salts* 


EXPER. 

BILE COLLECTED IN Vj 
HOUR PERIODS BEFORE 
ADMINISTRATION 

BILE COLLECTED IN % 
HOUR PERIODS AFTER 
ADMINISTRATION 

TOTAL AMOUNT OP 
BILE COLLECTED IN 
THREE HALF 
HOUR PERIODS 

PER CENT 
INCREASE 


3rd 

PER. 

1 2nd 

PER. 

1st 

PER. 

1ST 

PER. 

2nd 

PER. 

3rd 

PER. 

BEFORE 

AFTER 



C.C. 

C.C. 

C.C. 

C.C. 

C.C. 

C.C. 

! c.c. 

C.C. 

22.6 

i 

1.1 

1.1 

0.9 

i 1.6 

1.3 

0.9 

1 3.1 

3.8 

o 

0.7 

0.7 

0.7 

1.8 

2.2 

o o 

1 2.1 

6.2 

1 195.2 

3 

0.7 

0.6 

0.6 

2.0 

2.7 

2.7 

1.9 

7.4 

29S.5 

4 

0.7 

0.7 

0.5 

2.1 

1.9 

1.8 

1.9 

5.S 

205.4 

5 

0.4 

0.4 

0.4 

1.0 

0.5 

0.5 

1.2 

2.0 

66.7 

6 

1.4 

1.2 

O.S 

1.4 

1.8 

1.5 

3.4 

1 4.7 

3S.2 

7 

1.5 

1 1.1 

0.6 

2.4 

1.3 

0.9 

3.2 

4.6 

43.8 

8 

Average 

2.1 

1.9 

1.6 

3.2 

3.4 

3.1 

5.6 

2.82 

9.7 

5.53 

73.2 

97.5 


*150 mg. each of sodium taurocliolate and sodium elycocholate plus 3 c.c. oleic acid. 


experiments (100 per cent) showed an increase in bile output after the admin- 
istration of the combined choleretics. Three experiments showed yields of ovei 
100 per cent: Exper. Ill with 289.5 per cent; Exper. IV with 205.4 per cent, 
and Exper. II with 195.2 per cent. Any one of these three figures exceeds the 
sum of the highest yields in Series I and II. The average of the total of the 
collections after the administration was 97.5 per cent higher than that of the 
same period before. This percentage is almost, three times the sum of the two 
corresponding figures in Series I and II. 

It is thus seen that the combination of the two choleretics potentiate cac i 
other to a remarkable degree, whether judging from the number of experiments 
in each group in which a rise was registered, the percentage rise of the m i 
vidual experiments in the three different series, or the ratio between the mer 
age of the total yield before and that after the administration. The potentia ion 
is so striking as to merit the term synergism. 
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SUMMARY 

In three series of experiments of eight, experiments each, on the dog, 
in which the weight factor, the diet, the anesthetic level, and the dose of 
choleretics given were kept constant, it was shown that cholcresis caused by 
the combination of relatively small doses of oleic acid and of bile salts was 
much more marked than would be expected from the sum of the effects of the 
same doses of bile salts and oleic acid administered separately. 
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THE RELATIVE EFFECTS OF DIATHERMY AND INFECTION ON THE 
PLASMA PROTEINS, PLASMA VISCOSITY AND SESPENSION 
STABILITY OF THE BLOOD IN DOGS® 


Johannes K. Moen, M.D., Grace Medes, Ph.D., and I. Chalek, B.S., 

Minneapolis, Minn. 


beneficial effect of fever in the defense mechanism against infection was 
reviewed in a recent report by Reimann . 1 He also showed that an increase 
m plasma viscosity depending on an increase in the fibrinogen and globulin 
Factions of the blood enhanced specific agglutination and suggested that these 
prot em changes which occur during infections diseases play an important role 
m immune processes. In a previous study on lobar pneumonia 2 a prompt in- 
crease m the plasma globulin and fibrinogen fractions together with increased 
Plasma viscosity was observed within a short time after the initial chill. It 
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seemed possible that the high fever associated with this disease together with 
the severe toxemia may have been an important factor in inducing these blood 
protein changes. 

Recent publications indicate an increasing use of artificial fever in the 
treatment of various diseases. The tendency toward the substitution of diathermy 
for the older and more difficultly controlled methods of inducing therapeutic 
pyrexia by infections or by the injection of foreign proteins necessitates inquiry 
as to how far increased body temperature resulting from diathermy duplicates 
the effects of fever due to infection or to the injection of foreign protein. 

The object of the present study is to compare the relative effects of pyrexia 
produced by diathermy on t ho plasma proteins, the plasma viscosity and the 
suspension stability of the blood with the changes produced by experimental 
infectious fever of comparable duration. A search of the literature revealed that 
comparatively few observations have been made on the influence of diathermy 
and the ultra high frequency current on the blood proteins. Frisch and Star- 
linger 3 and Hirsch' 1 observed slight changes in the blood proteins after local 
diathermy for short periods. Knudson and Sehaiblc 5 noted a slight increase 
in the total blood proteins of dogs heated by the ultra high frequency current. 


METHODS 


The first experiments were made on rabbits, but it. was found that these ani- 
mals succumb rapidly after being heated by diathermy. Dogs weighing from 10 
to 16 kg. were then used. Nembutal (sodium-ethyl, 1-methyl-butyl barbiturate) in 
an initial dose of 30 to 40 mg. per kg. of body weight was given intravenously 
as a sedative. The effect of this drug lasted from four to eight hours. If subse- 
quent restlessness occurred smaller supplementary doses were given subcutane- 
ously. Nembutal anesthesia was also employed before intraperitoneal and intra- 
bronchial inoculations. This drug had but slight effect in reducing the normal 
temperature in an occasional dog. In one animal, a maximum reduction of 1° C. 
occurred in five hours. 


During the diathermy treatment, the anesthetized animal was suspended in 
a hammock with its head supported in a sling. Excessive loss of body heat and 
moisture by respiration was prevented by the inhalation of steam rising from 
a basin of hot water on an electric plate under the dog’s head, which was covered 
by a hood. Rectal temperature was measured at one-half to one hour intervals. 
Water was supplied through a stomach tube. The animals were weighed before 
and after treatment. The Fischer diathermy machine, type CDC with a spark 
gap oscillator of an approximate frequency of 1,000,000 cycles was used. Copper 
gauze electrodes 10 by 15 cm. sewed to cotton pads 1 cm. thick and soaked m a 
sodium chloride solution were fixed with bandages to the shaved sides of the 
dog. A current density* of approximately 10 milliamperes per square ecntimetei 
of electrode area was employed to raise the dog’s temperature to the desired de- 
gree. The amount of current necessary to maintain the temperature at a certain 
level vai-ied in different animals. 

In order to produce a severe infection with rapid onset which would he 
accompanied by 7 a fever, similar in degree to the pyrexia evoked by diathermy , 
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peritonitis was caused by the intraperitoneal injection of 5 to 15 c.c. of a saline 
suspension of dog feces (5 gm. per 15 c.c. suspension). In two instances, 3 c.c. 
of an eighteen-hour blood broth culture of Type I pneumococcus in 16 pel cent 
gelatin solution were injected intrabronchiallv in an attempt to produce a pneu- 
monia. In one animal, 3 c.c. of a Type I broth culture of pneumococcus wcie 
injected intrapleurally, and another was injected intrapcritoneallv with 10 c.c. 
of a broth culture of B. wclcliii. 

Twenty to 25 c.c. of blood for analysis were withdrawn from the jugular or 
leg veins with a minimum of stasis, and oxalated. In some instances in which 
the animals were moribund blood was obtained by cardiac puncture. Plasma 
protein fractions were determined by Bcrglund's® modification of Howe s method 
using sodium sulphate as a salting-out agent. Nitrogen determinations were 
made by the micro-Kjcldahl technic. The sedimentation time of erythrocytes 
was determined in a manner similar to that described in a preceding paper. - The 
longer sedimentation time of normal dogs’ blood as compared to that of human 
blood is possibly due in part to the lesser amount of blood protein and the greater 
number of erythrocytes in dogs’ blood. The viscosity of the plasma, and in 
several instances the viscosity of the whole blood was measured with the Hess 
viscosimeter. Corpuscle and plasma volume determinations were made by 
centrifugation of blood in a tuberculin syringe at 2,000 revolutions per minute 
for one-half hour. 


RESULTS 


Effect of Pyrexia Produced by Diathermy on the Protein Fractions and 
Viscosity of the Plasma. — Eight dogs were heated with diathermy for variable 
periods of time. Pyrexia usually developed within one hour after starting 
diathermy. The duration of the fever was ten hours in three dogs, eight hours 
m two dogs and nine, eleven, and twelve hours in each of three dogs, respectively. 
The maximum temperature attained in the animals varied from 40.5° C. to 
42.5° C. The four dogs heated to the highest temperatures died shortly after 
completion of the experiment. One dog heated to a maximum of 41° C. with an 
average temperature of 40.5° C. for ten hours, died about eighteen hours after 
completion of the experiment. The other three dogs heated for eight, ten, and 
twelve hours survived. When the desired temperature had been reached in 
several of the dogs, diathermy was discontinued and the temperatui’e was main- 
tained at a fairly constant high level by the inhalation of steam; for instance, 
after raising the temperature in one animal, diathermy was discontinued and the 
temperature was maintained between 41° C. and 41.3° C. for nine hours by steam 
inhalation. In several dogs, intermittent use of diathermy was sufficient to 
maintain pyrexia. 


The effect of pyrexia produced by diathermy on the total plasma protein was 
wni.nle (Table I). In two dogs (3 and 5) an increase in amount occurred with- 
in a few hours and in six dogs a decrease was noted. The total globulin fraction 
v,as ecreased in five dogs and only slightly increased in three (3, 4, and 13). 

ie amount of fibrinogen was decreased in four instances (2 3 12 131 and 
slightly increased in four ( 1 , 4, 5, and 6). The most constant cWefL the 
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plasma protein fractions were a slight, increase m amount of albumin and a 
corresponding decrease of total globulin. The viscosity of the plasma was usually 
unchanged. 

Effect of Severe Rapidly Fatal Peritonitis on the Protein Fractions and 
Viscosity of the Plasma.— Si's, dogs were injected intraperitoncally with 5 to lo 
c.c. of a saline suspension of dog feces. Four of the six dogs weie moribund 
within twelve hours. Blood proteins were determined usually before and from 
eight to twelve hours after the fecal injection. Five of the six dogs developed 
fever about three hours after the fecal injection with maximum tempcratuie be- 
tween 40.6° C. and 42° C. One animal developed no fever and died in a condi- 
tion of shock eight hours later. 

The total plasma proteins were slightly increased (Table II) in four animals 
and slightly decreased in two during the first twenty-four hours. The fibrinogen 
was appreciably increased in two animals (0 and 10), decreased in one (14) 
and remained unchanged in three (4, S and 12) during twenty-four hours. In 
Dog 12, the total protein increased to 6.35 gm. and the fibrinogen to 0.82 gm. 
five days after infection. There was a slight increase in the albumin fraction 
in five dogs and a slight decrease in the total globulin fraction in three. The 
euglobulin and pseudoglobulin fractions were variable. 

Only slight changes in the plasma viscosity were noted in these six animals. 
The viscosity of the whole blood in Dog 10 before and after infection was found 
to he 4.9 and 8.2, respectively. The increase was due apparently to the marked 
increase in red cell volume from 33 to 62 per cent. 


Effect of Prolonged Infections on the Plasma Proteins and Viscosity of the 
Plasma, — Three dogs were used. A number of procedures were carried out on 
two of the animals. Dog 6 was injected intraperitoncally with 15 c.c. of a suspen- 
sion of feces. This was followed by a fever of 40.4° C. The animal recovered 
rapidly and the next day the temperature was normal. Unfortunately the blood 
specimen taken before the intraperitoneal injection was accidently discarded. 
However, twenty-four hours after the feeal injection the blood protein fractions 
were within normal limits as shown in Table III. Two days later or three days 
after the fecal injection, marked changes in the blood proteins were observed. 
The total plasma protein increased from 5.60 gm. per 100 c.c. to 8.51 gm., the 
fibrinogen from 0.54 gm. to 3.44 gm., the total globulin from 2.62 gm. to 5.48 
gm. while the amount of albumin did not change. Ten cubic centimeters of a 
brain broth culture of II. welchii were then injected intraperitoncally, and 
twenty-four days later 3 c.c. Type I pneumococcus in 16 per cent gelatin solu- 
tion were injected intrabronchially with no apparent effect on the animal. After 
fifty days the fibrinogen and total globulin were still increased, although reduced 
from the maximum figures observed three days after the fecal injection. The red 
to" volume in this dog varied from 22 per cent to 56 per cent, the higher values 
occurring during periods of fever. The viscosity of the plasma was increased 
rom 1.70 to 1.90 during the period of high total globulin and fibrinogen. 

In Dog 11,3 c.c. of an eighteen-hour blood broth culture of Type I pneumo- 
coccus in a 1G per cent gelatin solution were injected intrabronchially in an 
attempt to produce pneumonia. Practically no fever developed and the next 
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day the dog appeared well. At the end of four days, during which time (lie 
temperature was normal, the blood fractions showed only minor changes. Three 
cubic centimeters of Type I pneumococcus broth culture were then injected iu- 
trapleurally. One-half hour following the intrapleural injection, the animal 
developed a severe chill, but fever did not. develop. Seven days after the intra- 
pleural injection, marked changes in the blood proteins were observed with in- 
crease in the total plasma protein, the total globulin and fibrinogen. The fibrin- 
ogen especially increased, rising from 0.63 gm. to 1.50 gm. After a period of 
seven days, 5 c.e. of a fecal suspension were injected intraperitoneally, following 
which the animal developed a fever reaching 40.4° C. Twenty-four hours Inter 
the dog was moribund and died shortly after blood was taken for analysis. The 
albumin fraction was increased and the total globulin fraction decreased as in 
the preceding experiments in which peritonitis was produced. In spite of the 
total globulin decrease, the fibrinogen showed further increase to 1.63 gm. 

Dog 15 was injected intraperitoneally with 35 c.c. of a fecal suspension. A 
maximum temperature of 41° C. was reached four hours later, but the next day 
the temperature returned to normal. The changes in the plasma proteins, erythro- 
cyte volume and plasma viscosity (Tabic III) were similar to those described 
in Dogs 6 and 11. The total plasma protein and fibrinogen had decreased by the 
end of ten hours but two days later both were increased, especially the fibrinogen. 
On the other hand, the total albumin increased slightly and the total globulin 
diminished. The viscosity of the plasma was greatest at two days when the 
fibrinogen was at its height. 

Effect of Pyrexia Produced by Diathermy and by Infection on the Sedi- 
mentation Time and Red Cell Volume Percentage. — A constant increase in the 
sedimentation time of erythrocytes was noted during fever whether it. was pro- 
duced by diathermy or by infection. A numerical value for the sedimentation 
time was not possible in many instances as the red cel! volume did not settle to 
the arbitrary level used in our method. The increased suspension stability of the 
blood was probably accounted for by the increase in red cell volume percentage 
which many have shown to have a direct bearing on erythrocyte sedimentation. 
The erythrocyte volume was increased 5 to 55 per cent above the normal during 
diathermy heating and 43 to 100 per cent above the normal during fever of in- 
fectious origin. The sedimentation time approached normal in the animals that 
survived diathermy heating when the red cell volume percentage dropped to its 
former level. In the animals with prolonged infections, the sedimentation time 
was shortened when the cell volume was normal and the globulin and fibrinogen 
fractions increased. 

DISCUSSIOX 

In drawing conclusions from our findings, attention must be directed to the 
fact that strictly comparable conditions could not be obtained in the three sets o 
experiments because of the inability of the animals to survive the desired degiee 
and duration of pyrexia produced by diathermy. Therefore no measuremen s 
have been made of the protein fractions of the dogs heated with diathermy a tei 
the length of time that had to elapse before a significant change had taken p nee 



MORN*. KT Al.. : 


niATIU'.ltMY AND IN RUCTION' 


579 


in the dogs which had. infectious fever. The marked increase in red cell volume 
percentage during fever with probable decrease in total blood and plasma volume 
also added complicating factors. 

In Tabic IY are recorded the mean values of rectal temperature, plasma 
viscosity, total plasma protein, and the various protein fractions during the con- 
trol periods and the tln - ee experimental periods, together with the probable errors 


Tama: IV 


Mean Valves or Rectal Temferatube, Blood Viscosity, Total Plasma Protein, Fibrino- 
gen, Total Globulin and Albumin During Control Periods, During Diathermy 
and in the Course or Rapidly Fatal and Prolonged Infections 



xo, of 

OBS. 

CONTROL 

NO. OF 

OBS. 

DI- 1 

.VTUEUMY 1 

NO. OF 
OBS. 

RAPIDLY 

FATAL 

INFECTION’S 

NO. OF 

OBS. 

prolonged 

INFECTIONS 

Rectal tempera- 
ture 

10 

3S.4 + 0.11 

s 

40.7 ± 0.15 

s 

40,0 + 0.09 

n 

39.2 + 0.20 

Plasma viscos- 
ity 

13 

1.02 + 0.02 

G 

1.50 + 0.03 

7 

1.G9 + 0.03 

10 

1.83 + 0.02 

Total protein 
gm./100 c.c. 

10 

5.42 + 0.00 

11 

5.33 + 0.07 

8 

5.74 ± 0.05 

ii 

0.37 + 0.19 

Fibrinogen 
gn>./100 e.c. 

10 

0.50 + 0.04 

ii 

0.39 + 0.05 

s 

0.55 ± 0.0S 

ii 

1.25 + 0.18 

Total globulin 
gn>-/100 c.c. 

10 

2.53 + 0.09 

1 ii 

2.35 + 0.12 

1 

7 

2.57 ± 0.10 


3.22 + 0.19 

gm./lOO c.e. 

16 

2.80 + 0.06 

i n 

i 

, 2.98 ± 0.12 

7 

; 3.07 + 0.15 


3.15 + 0.11 


of the means. In Table V are the ratios of the differences of the means to their 
probable errors computed for the control periods (a) and of the three experi- 
mental periods (b). According to statistical standards, when this ratio is 
greater than 3 the difference between the means becomes of significance, when 
approximately 3 it is of doubtful significance, and of no statistical significance 
when less than 3. 

Increase of total protein was apparently not dependent upon elevated tem- 
perature, since the group subjected to diathermy, in which temperature was 
definitely raised, shoveed no rise in plasma proteins and in the group with pro- 
longed infection, the proteins rose while the rise in temperature was only slight. 
In the case of the rapidly fatal infection, with high fever, the total protein was 


Table Y 
Mb - Ma 


V PE k - EE L 


— ' y 

i 

Rectal temperature 1 

CONTROL (A) 1 

DIATHERMY (R) ! 

i 

CONTROL (A) 
RAPIDLY FATAL IN- 
FECTION (B) 

control (a) 
prolonged infec- 
tion ( b ) 

Plasma viscosity | 

Total protein " ' 

Fibrinogen 

Total globulin 
Albumin 

+ 12.03 

- 1.93 

l - 0.9S 

- 1.S1 

! . - 1.20 

i + o.ss 

+ 16.05 

4- 1.S4 

4 4.20 

4 0.21 
- 0.11 
; 4 1.53 

t 3.50 

4 7.70 

4 4.85 

4 3.69 

4 3.00 

4 2.04 - 
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higher than normal. It seems then that elevation of the total protein level in 
these experiments was associated with infection regardless of type and not with 
pyrexia. 


The increase in total protein was not associated invariably with increase 
of either fibrinogen, albumin, or total globulin. In the case of the rapidly fatal 
infection the reaction of each group was so variable that none showed a significant 
rise, whereas, in the prolonged infection, the ratios of the differences of the 
means to their probable errors recorded in Table V indicate that the rise in value 
of the fibrinogen is of definite statistical significance, and the increases in both 
albumin and globulin approach significant ratios. These findings are in accord 
with those of Hurwitz and Meyer 7 and others who showed definite increases in 
the globulin fraction during various immunization processes in which fever was 
not a prominent feature. 

Plasma viscosity was moderately increased only in the group with prolonged 
infection. Its rise was, therefore, not associated with a high fever but with a 
high fibrinogen and total globulin content of the blood as seen also from inspec- 
tion of individual cases in Table III. 


The concentration of the blood with marked increase in the red cell volume 
percentage following artificial heating of dogs has been observed by others. 5 The 
total blood volume was found to be definitely decreased during heating with the 
ultra high frequency current 5 and with diathermy.® That these changes cannot 
be accounted for on the basis of general body dehydration was indicated by oui 
experiments in which loss of body weight was prevented by the giving of water 
by stomach tube and by the inhalation of water vapor. Some of the animals 
gained slightly in weight during diathermy heating due to excessive water intake. 
It would appear that a redistribution of the plasma with a shift from the blood 
to the tissue spaces had occurred. 


Interpretation of the sedimentation times of erythrocytes in regard to then 
correlation with the plasma protein changes was difficult of analysis because of 
the marked increase in the red cell volume during fever. The increase in the 
suspension stability of the blood during fever in dogs appeared to be direct!} 
proportional to the percentage increase of erythrocyte volume. Others® have 
also found an increase in suspension stability during diathermy heating, while 
Bemet, 10 on heating rabbits for shorter periods, found no change. 


SUMMARY 

1. Slight and variable changes were produced in the plasma protein fiac 
tions of dogs by pyrexia due to diathermy over periods of from eight to tw ehe 
hours. In general, the changes were in the direction of a reduction, but m no 
case did this reduction attain a statistically significant value. 

2. During infectious fevers of short duration the total protein was definitely 
elevated, but the shifts in the individual fractions were so variable that in no 
single fraction was the rise significant. 

3. In certain prolonged infections even without marked rise of body teni 
perature the total protein was definitely elevated. Albumin, total globulin an 
fibrinogen were all increased in amount, the rise in fibrinogen being most max -c 
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4 . The only significant change in plasma viscosity was in the group with 
prolonged infection. Here the viscosity was moderately increased and nas prob- 
ably dependent on the high fibrinogen and globulin content of the plasma. 

5. Correlation of changes in the erythrocyte sedimentation time with frac- 
tional plasma protein variations in these experiments were difficult of analysis 
because of the marked increase of the erythrocyte volume in dogs during fever. 

6. Although conditions of the three sets of experiments were necessarily not 
identical, it is suggested from our data that fever alone is not an important 
factor in evoking the plasma protein changes usually observed in infectious 
diseases. 
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destruction of pyogenic bacteria in the alimentary 
tract of surgical maggots implanted in infected 

WOUNDS* 


William Robinson, Ph.D., and Vernon H. Norwood, M.D., Washington, D. C 


J 1 THEIR natural surroundings, blowfly larvae feed upon dead and decaying 
animal tissue. When used clinically, that is, when hred aseptically and im- 
P anted as sterile maggots in infected wounds, they function largely to remove 
c a tissue and pus from the wound. At the same time the maggots take up 
arge numbers of bacteria from the wound and by destroying them aid in 
reducing the infection . 11 

, Th °, P resent instigation was made to determine the relative abundance 
H. abl lty of the bacteria in the successive regions of the alimentary tract. 
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TJiis was done by means of dissections and bacteriologie cultures. The species 
used was Lucilia scricata. A description of the technic and apparatus, particu- 
larly that used in the aseptic dissections, is included, as descriptions of special 
methods are sometimes of interest. 


DISSECTIONS ANI) CULTUHES 

Be script ion of the, Digestive Tract . — The tract is tubular, highly convoluted, 
and very long, being 00 to 95 mm. in length, or six to seven times longer than 
the full-grown maggot. To the short and very narrow esophagus is attached a 
sac for holding food in reserve. This lies along the back and when containing 
food is visible through the integument. The stomach is unusually long, generally 
60 to 65 mm. and comprising two-thirds of the entire tract. It is divided his- 
tologically and functionally into three sections, the fore-, mid-, and hind-stomach. 
It extends from the enlargement at its junction with the esophagus posteriorly 
to the malpighian tubes. The intestine is about 30 mm. long and extends from 
the malpighian tubes to the anus. Greater details may be found in descriptions 
by Hobson, 0 Lowne,” and Snodgrass. 10 

Technic of Dissection . — The maggots were reared under the usual sterile 
conditions, °» Vi ’ 13, 17 to about 4 to 6 min. in length, the size suitable for 
introduction into wounds. The sterile maggots were implanted in osteomyelitis 
wounds and allowed to feed. In twenty-four to forty-eight hours they were 
large enough to dissect and meanwhile the food had passed freely through the 
tract. The maggots were then removed and killed by momentary dipping in 
boiling water. Their external surface was sterilized by immersion for fifteen 
minutes in mercuric chloride disinfectant,' 1 ’ 1Si 18 and washed in two changes of 
sterile saline. The sterility of the external surface was confirmed with cultures 
which showed no growth. The sterility of the alimentary tract had likewise 
been confirmed before the maggots were implanted in the wounds. The maggots 
were ready for dissection within thirty minutes of removal from the wound. 

Dissections were made under a binocular microscope. Each specimen was 
opened under sterile saline in a Petri dish, and aseptic technic was used through- 
out. In opening the maggots, a pair of fine dissecting scissors, with the cutting 
edges at an angle with the handles, was found to be the most satisfactory. The 
extreme points of the scissors were taken off with an abrasive to prevent piercing 
the intestinal tract. Forceps with fine curved points were used in making the 
dissections. 

"When uncoiling the alimentary tract and disconnecting it from the branch- 
ing traeheas, especial care was taken to avoid rupture of the tract and consequent 
contamination of the saline. Notwithstanding this, rupture occurred frequently 
and the specimens had to be discarded. As an additional precaution against 
contamination through any- possible rupture, dissections were begun upon the 
intestine, which always had the least infection, and the fore-stomach was ie- 
moved last. Approximately 20 mm. of each portion was removed. The sections 
were cut off above the saline with a red-hot platinum wire in order to sear the 
remaining ends of the tract and thus prevent contamination of the saline. 
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Cultures . — In the series comprising Table I, the cultures were made by 
macerating and smearing the various sections of the tract upon the surface of 
blood agar plates. Those in Table II were macerated in nutrient broth tubes. 
A control culture of the saline in the dissecting dish was made in each case after 
the maggot had been opened but before dissection of the tract. 

RESULTS 

Dissections were made successfully of 51 individuals. Because of the 
decisive nature of the results and also because of the difficulty in dissecting 
without rupture the delicate and numerous convolutions of the tract, the experi- 
ments were limited to this number. 

In cultures from the intestine, no bacterial growth at all was observed in 
26 of the specimens listed in Table I. In the two remaining specimens a slight 
growth was found but at the same time the saline also showed contamination 
before dissection was begun. 


Table I 

Cultures ox Blood Agar. 


SPECIMEN 

CONTROL 
(SALINE BF.FOP.F. 
DISSECTION) 

INTESTINE 

HIND- 

STOMACH 

FORE- 

STOMACH 

1 

- 

- 

- 

4-4-* 

2 

- 

- 

+ 

-r 4- 4- 


- 

- 

- 

4-4-4- 

4 

- 

- 

+ 

4-4-4- 

r> 


- 

- 

++ 

- 

- 

“ 

4- 

8 

- 

_ 

: 

4* 

9 

— 

_ 


— X 

10 

- 

- 

_ 

X X 

11 

12 

13 

+ 

4- 

4- 

-r 4-4-4- 
4-4-4- 

14 



4- 

4- 4- 4- 4- 

m 




4-4-4- 

16 

+ 

-r 

a. 

-r 4-4-4- 
4- 4- 4- 4- 

18 

1!) 

- 

- 

A- 

4-4-4- 

4-4-4- 

20 



“ 

-r *f 

21 

Of) 






- 

- 

4-4-4- 




4- 

X X 

24 


— 

- 

-f 4- 

2.1 




++ 

2r, 



4- 

4-4-4- 

27 


— 

4- 

XXX 

28 

- 

- 

- 

till 


colonies, and fourZ,rS, “S 01 the relative density of growth. One indicates ten or 
"Pproxlmatcly or equal length hundred or more colonies. Sections of tract were Snlj- 

mni T h ® l' 1I,d - st omaeh was also found to be sterile in 17 specimens. The re- 
growt’h" ' am0n " Which Were the tW0 cases above mentioned, showed slight 
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In every ease bacterial growth was obtained in cultures from the fore- 
stomach; and in all but two instances the growth was abundant. The relative 
degree of growth is indicated in all cases by the number of plus signs, from one 
to four. 

Table II 


Cultukes in Nutrient Broth 


SPECIMEN’ 

CONTROL 
(SALINE BEFORE 
DISSECTION) 

INTESTINE 

HIND- 

STOMACH 

FORE- 

STOMACH 

i 

— 



+* 

n 



- 

4 

8 


— 

— 

4. 

4 

- 

_ 

— 

4. 

5 

_ 

_ 


4- 

r, 

_ 

„ 


r 

7 

- 

- 

- 

4 

s 

- 

- 


•r 

f) 

- 

_ 


-r 

10 

— 

__ 


+ 

11 

— 

__ 

4. 

•f 

12 


_ 

- 

4 

13 

- 

- 

- 

+ 

14 

- 

- 

- 


15 

- 

_ 


T 

1(1 

- 

_ 

- 

- 

IT 

_ 


— 

T 

IS 

— 

_ 

_ 

T 

10 

- 

- 

- 

X 

20 

- 

— 

4. 

+ 

21 

_ 


— 

+ 

oo 




4- 

23 

- 

- 

- 

+ 


•Degree of growth in this medium cannot be shown because a general clouding of the 
broth takes place. 


A more rigid test was made in the second series when dissections were cul- 
tured in nutrient broth. In this medium the presence of even minute numbers 
of bacteria becomes evident in the clouding of the broth. 

The sterility of the intestine and the presence of bacteria in the fore-stomach, 
indicated in the first series, were confirmed in every instance. The results aie 
shown in Table II. 


DISCUSSION 


Disappearance of Bacteria in the Stomach . — It has been shown that, m 
their course through the alimentary tract of the maggot, bacteria become reduced 
in numbers and finally disappear. It is evident, from the sterility of the 
intestine, that the bacteria are destroyed in the stomach. It is also apparent 
that this action takes place principally in the posterior portion of the stomach. 
The destruction of bacteria in this way is probably a factor in the general dis- 
infection of the wound under the maggot treatment, as noted by Baer 3 and 
confirmed by others. 


The species of bacteria encountered in the experiments were a betahemolytic 
streptococcus and a hemolytic type of Staphylococcus aureus. Cases were 
selected in which no organisms of the proteus type were present. This was be- 
cause of the difficulty of making quantitative estimates of the numbers of bacteria 
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present with those sprenclmg varieties. Ilotaon'” has made an examination ol 
the general baetorial content of tile alimentary tract of nonstock maggots winch 
had fed under normal conditions. 

Results somewhat similar to those of the present investigation were reported 
by Duncan , 7 who referred to some experiments of his own and of others in 
which destruction of certain species of bacteria was found to take place in the 
alimentary canal of flies. 

Bacot , 1 ' 2 Glaser, s and Smith-Graham , 13 however, using flies of the family 
JIuseidae, found that bacteria ingested hv the larvae with their food persisted 
through metamorphosis and appeared in the intestine of the adult flies. This 
may indicate that the larvae of those species are unable to destroy all bacteria 
within the alimentary tract. It seems possible, however, that the adult tissues 
may have become inoculated from the bacteria which were still present in the 
fore-stomach of the maggot at the time of pupation. By means of a special 
technic, tollman 10 was able to rear adult flies free from infection. 


The disappearance of the bacteria between the fore-stomach and the in- 
testine, in the region of greatest activity of proteolytic enzymes, according to 
Hobson , 0 indicates that the bacteria are destroyed by digestion. 


SUMMARY 

A study has been made of the relative abundance and viability of bacteria 
in the various sections of the alimentary tract of surgical maggots used to 
hasten healing of infected -wounds. The investigation was made by means of 
dissections and bacteriologic cultures. 

The results are given in tabular form and show that large numbers of the 
bacteria taken in with the food were destroyed in passing through the long, 
tubular stomach of the maggot. Complete destruction of any remaining organ- 
isms occurred in the intestine, for no viable bacteria were found in any cultures 
°£ the intestine. 

The results are discussed in connection with the work of others of a some- 
what similar nature. 

A description is given of the method used in making the aseptic dissections. 
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BENIGN ADENOMA OF THE SWEAT GLANDS* 


E. Birch wood. J1.D., Chicago, Jll. 


P INOAUD 1 in 1877 reported a sudoriparous adenoma ol‘ the scalp. His gross 
and microscopic study was given in detail. Ho gave the impression that it 
was a small elastic fibromatous mass which was smooth and shining. There was 
no definite line of demarcation between the tumor and the skin. The histologic 
examination showed that the skin covering the tumor was intact and was 
separated from the neoplasm by a layer of normal connective tissue. It was 
lobulatecl like a gland. Each lobule contained a small amount of fibrous 
stroma composed of connective tissue. The stroma circumscribed an elongated 
or rounded network which contained epithelial cells. There were no epithelial 
pearls. In 1881 Songster 2 reported a papillary tumor of the scalp. The gross 
and histologic study gave a picture similar to that of Pingaud. Mulert- m 
1897 called this type of tumor an endothelioma. Aimes and Paulef in 1921 
gave a description of massive sudoriparous adenoma of the scalp which was 
very similar to that of Pingaud. Dupont and Delarue® in 1928 described a 
sudoriparous tumor, but it was of the type which communicated with the 
exterior. 

This case is presented because so few have been described in the litera- 
ture, and because it has been designated by various authors as “benign 
epithelioma,” “adenoma of the skin,” “endothelioma,” and “papillary 
tumor” of the scalp. This tumor was removed from over the right parietal 
bone. The growth first appeared about ten years previous in a man sixty -tv 0 
years old, and had regularly and slowly increased in size without causing any 


•Received for publication, April CG, 1933. 
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pain. Tlic specimen weighed 37 gm. and measured 6 by 4 by 3 cm. It was 
oval with a short stalk-like attachment that had been resected and measured 
2 by 2 cm. at this lower stalk attachment margin. Ihere ueie a feu giajish 
hairs extending along the cut margin. The rest of the surface was hail less, 
white, and smooth. The tumor was well-encapsulated and numerous cut sur- 
faces were white and homogenous. There was a general firmness with consid- 



Fig. 1, — Sixteen mm. obj.. showing lobulation With cqldermls and dermis. 



Pjp o 

- *our mm. obj. Card-Uke arrangement ot epithelial cells. Palisaded cells or 
periphery of lobules. 

ci-thie elasticity. Microscopic examination showed an epidermis with rather 
jjUn stratum corneum, a poorly defined stratum grantfiosum and a Malpighian 
(fijer with a lack of tendency to form definite intercellular bridges. The 
< erinis consisted chiefly of connective tissue with sparse blood vessels. The 
som^iTT 01 ' ha<1 well-formed cord-like arrangement of epithelial cells and 
lohn . , at,on simulating glands surrounded by connective tissue. These 
“ ed groups were filled with cells, the major portion of which were flat and 
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oval; however, round and spindle-shaped types could be seen. A few con- 
tained elongated nuclei surrounded by mitochondria. Those in the periphery 
were palisaded with connective tissue as a base. The central cells in the large 
lobules were arranged indiscriminately. 

The possibilities as to the origin of this tumor are: (1) the basal layer 
of the epidermis; (2) the outer root sheath of the hair follicle; (3) the ducts 
and bodies of the sweat glands; and (4) the sebaceous glands. If we consider 
the views of Krompechei- 0 then the absence of fibrillation of the constituent 
cells and the lack of tendency to form definite intercellular bridges rules the 
first two possibilities out. This leaves for consideration the sweat glands and 
the sebaceous glands. At some places in the tumor there is a tendency to form 
a two-layered epithelium surrounding the central cavity, the outer being of the 
columnar sort and the inner layer showing a tendency toward the squamous 
type. The presence of the colloid-like masses in the epithelial cells here and 



Fig. 3. — Four mm. obj. The colloid-like masses which have resisted solvents and were not 

differentiated by fat stain. 


in the lumina gives the tumor a general resemblance to those tumors de- 
scribed 7 * s * 0 as sebaceous gland tumors. These colloid-like masses, however, 
are obviously not of fatty* nature because they resisted not only the solvents 
used in embedding but were ruled out by* fat-staining methods and subsequent 
treatment of the section. 
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INTRACUTANEOUS REACTIONS INDUCED IN GUINEA PIGS 
INOCULATED WITH B. ABORTUS 8 


A Preliminary Report 


H. Gladys Dacey, B.S., and Nathan Korovin, M.S., New A ork, N. A . 


T HE diagnosis of undulant fever is particularly difficult because of the marked 
variation in elinieaL manifestations, and, consequently, may be quite de- 
pendent upon laboratory tests. As microorganisms of the abortus-melitensis 
group are demonstrated in the blood stream with difficulty, cultural examina- 
tions are of limited value. At present, the agglutination test, which is in general 
use, is considered relatively specific, although the reactions obtained may, in 
some eases, be due to a past infection. On the other hand, Montagnani, 1 Burnet, 2 
Tramontano, 3 Carpenter and Boak, 4 Giordano and Sensenicli, 3 and Gilbert and 
Lacev c have reported failure to obtain agglutination in sera from patients having 
undulant fever. In view of these findings, an intracutaneous test might furnish 
valuable information. 

Burnet, 7 Trenti 8 and Dubois and Sollier 9 obtained specific reactions with 
broth filtrates, while Montagnani, 1 Fomaca and Bua-Fazio 10 and Giordano, 11 on 
the other hand, failed to do so. Fomaca and Bua-Fazio, 10 IMitra, 12 Canale, 13 de 
Fermo, 14 Giordano, 11 Simpson and Frazier, 15 and Levin 10 report specific reactions 
with heat-killed suspensions of tlie microorganisms. Sckoenholtz and Meyer 17 
found that “cutaneous hypersensitiveness in abortus infected guinea pigs may 
he demonstrated by testing the infected animal intracutaneously with filtered cell 
solution of B. abortus. The substance precipitated by acetic acid in the cold at 
Pji 3.5 to 4.0 elicits allergic reactions as effectively as the original solution.” In 
1931, Leavell and Amoss 18 published a report of a study of the endermic reaction 
in Brucella infections in which various extracts and suspensions including a so- 
caled “specific soluble substance” were tested. They found none which they 
considered definitely specific. Human subjects were used for the investigation. 
1 species of animal not subject, under normal conditions, to infections with 
members of the abortus-melitensis group may be found more suitable for purposes 
o control than persons who may have had undulant fever which was un- 
d iagnos ed or an infection which was subclinical in nature. One would judge 

Erar.ef&tt Research, New York State Department of Health, 

Received for publication, April 11, 1S23. 
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from the information available in the literature that allergic reactions maybe 
demonstrated for a number of years following recovery from such an infection. 

The results of a preliminary study of this problem undertaken during 1931 
may be of interest. A number of the authors mentioned have reported that the 
reactions with bacterial suspensions and with protein fractions have been very 
severe, in certain individuals, those with the former often being accompanied by 
more or less serious general symptoms. In our experience, the intracutaneous 
inoculation of heat-killed suspension has elicited a reaction in IS of 22 guinea 
pigs infected with microorganisms of the abort us-melitensis group. The reactions 
have been very severe and characterized by congestion, edema, and marked 
necrosis. Eighty-eight presumably normal guinea pigs and 27 which had been 
inoculated with material submitted for the routine examination for tubercle 
bacilli were also tested. Four, or 3 per cent , showed slight nonspecific reactions. 

“Abortin’’ prepared according to the method of Seyfarth” 1 not only failed 
to elicit reactions in certain guinea pigs known to have been infected with B. 
abortus, but induced reactions in some apparently normal animals. Tests were 
also performed with a concentrated and purified “abortin’’ prepared by pre- 
cipitation of the protein with acetone, according to the method of Wadsworth 
and Quigley 20 for the concentration and purification of the toxin of the Strepto- 
coccus hcmolyticus. Definite reactions were obtained in 8 of 10 guinea pigs 
known to have been infected with microorganisms of the abortus-mclitensis group. 
Another guinea pig inoculated with the same culture gave no reaction, but since 
this animal died of intcrcurrent infection and the microorganism with which it 
had been inoculated was not recovered, the significance of the result is indeter- 
minate. No reactions were obtained following the first inoculation in eleven 
apparently normal animals. Nonspecific reactions, possibly due to sensitization 
from the first series of tests, were observed in several of these guinea pigs. upon 
reinoculation, one week after the first, skin tests. With this material, as with the 
bacterial suspensions, the reactions were very severe, corresponding in this re- 
spect to the results reported by other workers. One guinea pig infected with 
microorganisms of the abortus-mclitensis group reacted to the concentrated unm- 
oculated broth used for purposes of control, as well as to the “abortin. ’ The 
sensitivity of certain animals to protein derived from the medium has thus been 
demonstrated and necessitates careful control of all tests. 


When this work was undertaken early in 19 31, the study of intracutaneous 
tests in infections with microorganisms of the abortus-mclitensis group had been 
restricted to bacterial suspensions, to culture filtrates, or to protein fractions of 
the bacteria. It therefore seemed important at that time to determine the activity 
of the carbohydrate fractions in an effort, to find a less toxic antigen. Since 
the work of Heidelberger and Avery 21 with the pneumococcus, specific soluble 
substances have been obtained from many other pathogenic microorganisms, such 
as the tubercle bacillus, 22 the Friedliinder bacillus, 23 the streptococcus,- 1 ’ " B. 


dysenteriac , 2S B. mallei , 25 and the gonococcus. 2 ' 1 

A carbohydrate fraction was prepared by a modification of the method e 


scribed by Wadsworth and Brown. 27 

Seventy-two-liour cultures of a recently isolated strain of bovine ongm 
(32219), grown on liver infusion agar, were killed by heating at from 60 to 
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C. for thirty minutes. Tiie growth was then suspended in 0.S5 per cent salt 
solution. Two methods were used to disintegrate the eells. In one preparation, 
the suspension was made in 0.01 normal sodium hydroxide and boiled for one and 
one-half hours. The other wa.s cent rifugalizcd and the sediment resuspended in 
a very small amount of 0.S5 per cent salt solution containing 0.2 per cent 
formalin. The latter was subjected to repeated freezing and thawing. In each 
ease, after centrifugalization, the supernatant fluid was acidified with acetic 
acid to remove the protein and the carbohydrate substance was precipitated from 
solution with 95 per cent alcohol. The precipitate was dissolved in 0.85 per 
cent salt solution, acidified with acetic acid, and concentrated by boiling, any 
precipitate was removed, and the carbohydrate substance was repreeipitated by 
alcohol. This process wa.s repeated until Ihc acid coagulablc proteins had been 
removed by acetic acid and the heat coagulablc proteins by boiling. The final 
precipitate was washed with acetone and ether, and dried over calcium chloride 
m a vacuum desiccator. A protein reaction was not obtained by the biuret and 
xanthoproteic acid tests, and the Moliseh test indicated the presence of carbo- 
ivdrate. The amount of nitrogen in two preparations varied from 0.45 per 
cent to 0.56 per cent and the ash, from 12.24 per cent to 28.37 per cent. 

Precipitating properties were demonstrated with B. abortus antiserum, 
omplement was fixed in the presence of immune serum. Intracut aneous inoeula- 
ion of one of these preparations induced macular reactions, with no evidence of 
iieciosis or sloughing in four guinea pigs infected with microorganisms of the 
abortus-mclitensis group. 


or, ThC Vesults su "" est that » carbohydrate substance extracted from micro- 
eh rr ? f thC abortus ‘ melitenfiis " rou P may give reactions of a much milder 
extmot vr • h °' SC o},taincd with the "hole microorganisms, or with a protein 
* atom .l "' hich cari he successfully used in skin tests on persons should 
tion f “J’actcristic and specific reactions that are not very severe. A prepara- 
wmiti and cleava " c products, concentrated by the method of Wads- 

while the W migllt he entire,y satisfactory for use in tests on animals, 
confirmed T fraction ’ if the lack of toxieity "hich was obsen-ed is 
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THE SPECTROPHOTOMETRIC INVESTIGATION AND 
DETERMINATION OP BILIRUBIN® 


With a Consideration oe Oxyhemoglobin and Its Effect on the 
Estimation of Bilirubin 


George E. Davis, Pn.D.,f and Charles Sheard, Ph.D., Rochester, Minn. 


INTRODUCTION 

WISUAL spectropliotomctiy has been employed in a number of investigations 
on bilirubin. In 3925 and 1926, Mann, Sheard, Bollman and Baldes 13 ' 17 
obtained extensive spectrophotometrie data bearing on the question of the sites 
of formation of bilirubin, the relative amounts of bilirubin formed at the dif- 
ferent sites, and the formation of the pigment from hemoglobin. In 1926 and 
192 (, Bollman, Sheard and Mann investigated the absorption of bile pigment 
rom the intestine 2 and the bilirubinemia following extirpation of the gall- 
» adder and ligation of the common bile duet. 3 Spectrophotometrie comparisons 
of the nature and amount of bile pigment found in the blood serum under 
normal and pathologic conditions were made by Magath and Sheard 12 in 1927. 

c effect of intravenous injections of chlorophyll on the rate of formation of 
Mtirubin was investigated by Bollman, Sheard and Mann. 1 In these researches 
(< e spectrophotometrie data were obtained by means of a Keuffel and Esser 
e° or analyzer, which allows transmissions to be determined visually in a 
•Pec rat range extending approximately to wave length 430 m v . (millimicrons), 
havo r° US 1 v 3 , 3nd eonclusions concerning the spectrophotometry of bilirubin 
be rot een i Pllb lShcd by Sheard ’ Baldes - Mann and Bollman. 10 This work will 

«pSns * T “ ,,d E0nma "” ha ' a mada ^opWomeS 

bilcrnd i„ w„„ri 8cd “T™” alld tbc 5 ’ cll ° w pismfnt (bilirubin) found in ' 
the ni-ment i I* I” plosma ’ In bo,h o£ lllt ™ investigations faffing of 

■mddFscrascd and ' T T ’ If ° £ h ' m0l5 ' sis and tebidity are bribed 

to solutions Of II 10 a " S ° f Lambert and of Beer are shown to be applicable 
the sensitivity '' Vimen \ Thcse investigations have amply demonstrated 

»I investigating SSn P, '" C,iCabili,y o£ the sP«rophotometric method 
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effects of the presence of snmll amounts of this pigment on the quantitative 
determination of bilirubin. 

The experimental data on which this article is based were obtained duriner 
the course of various investigations on bile pigment, concerning which a report 
will be made later. Our spectrophotometrie observations arc an extension of 
those made by Sheard and coworkers, to which reference has been made. 


SFKCTKOFHOTOMKTIilC THEORY AND ITS APPLICATIONS 

To simplify the discussion wc first review briefly some important principles 
of spectrophotometry and discuss their applications. 

Consider a beam of light passing through a layer of solution of a substance 
X which is under investigation. Let 1 represent the intensity of the transmitted 
beam and I 0 the intensity which the beam would have bad if it had been ab- 
sorbed (in part) onlv bv the solvent. Then the fractional part transmitted by 

I 

X alone is y . Call this T, the transmission of X. Let C, L, e and A represent 
■*0 

the concentration, the thickness, the extinction coefficient (or absorption co- 
efficient) and the absorption ratio, respectively. By definition, e is the reciprocal 

C 

of that thickness for which T = 0.1. while A— — , a constant. 

C 

It follows from Bouguer’s law (commonly called Lambert’s law) that 
C = - ~ log 10 T. ____________ _ (1) 

If the value of A is known, this relation gives the concentration C upon sub- 
stituting measured values of L and T. The expression -log u , T represents the 
optical density of X when measured in thickness L and concentration C. 

It is easily shown from Equation (1) that for any one substance the ratio 
of the optical densities corresponding to any two wave lengths in the spectrum 
is a constant, regardless of the value of C or of L. Therefore, since no two 
substances have exactly the same transmission curve, a substance can be identi- 
fied by showing that at various wave lengths the optical densities have the rela- 
tive values known to be correct, for that substance. Or, conversely, the entire 
transmission (or absorption) curve of a substance in solution can be calculated 
from the known values of the density ratios for the substance, if we know the 
value of T at some one wave length or can find it from the value of A and 
Equation (1). 

In order that spectrophotometrie observations on a solution may meal 
only the absorption due to the dissolved substance, the absorption in the solvent, 
if not negligible, usually is balanced out by filling the comparison cell with the 
solvent. In physiologic fluids there are, in general, other substances in solution 
(or in colloidal suspension) besides the substance under investigation. All such 
substances absorb radiation; and since in many eases the absorption is not 
negligible, it is best, if possible, to balance it out. by using as comparison flui 
the identical physiological fluid, similarly diluted, with only the substance ie- 
moved of which the transmission is to be measured.* If the substance canno 


•Wc usually neglect the error due to absorption in that part of un^rlnvcSisa- 

comparison cell, occupies the space occupied in the other cell bj the substance u 
tion. In most cases the error is small. 
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he removed without altering the physical or chemical properties of the fluid, 
some fluid, such as distilled water, having negligible absorption, may be used as 
comparison substance. Correction must then be made for any appicciablc ab- 
sorption due to each of the other substances in the physiological fluid. The 
concentration of each substance must be found by some independent method and 
the corresponding transmission at each wave length computed by means of 
Equation (1). The transmission of the substance under investigation may then 
he found at any given wave length by dividing the observed transmission by 
the product of the transmissions of the other substances. In investigating bile 
pigment we have used this method in correcting for the absorption due to traces 
of oxyhemoglobin. 

APPARATUS AND EXPERIMENTAL METHOD 

The spectrophotomctrie observations were made by means of a quartz 
spectrograph and Ililgcr rotating sector photometer, with an under-water spark 
between tungsten terminals as source of radiation. These instruments were 
assembled and used in the usual manner, following essentially the method first 
described by Howe. 0 The electrical circuits, quartz cells and container for the 
under-water spark have been described elsewhere. 7 

While the quartz spectrograph is to be preferred in most investigations 
because of its high dependability, our discussion of principles and methods will 
be understood to be applicable to the spectrophotomctrie investigation of bilirubin 
regardless of the kind of apparatus employed in finding the spectral transmis- 
sion or absorption. 

INTERFERENCE OF OXYHEMOGLOBIN WITH SPECTROPHOTOMETRIC 
OBSERVATIONS ON BILIRUBIN 

It was found by spectroscopic examination that the majority of blood 
serums, however carefully prepared, contain traces of hemoglobin in the form 
°f oxyhemoglobin, sufficient in amount to affect the absorption spectrum appre- 
ciably, even though the unaided eye may be able to detect little or none of the 
characteristic red color. No method is known whereby bilirubin alone can be 
removed from blood serum with the assurance that the serum will remain un- 
changed chemically or physically. This fact precludes the possibility of bal- 
ancing out the absorption due to oxyhemoglobin (and other substances) by 
uxmg the bilirubin-free serum as comparison fluid. Therefore in spectrophoto- 
metno measurements on bilirubin, corrections must be made for the radiation 
•usoibcd by oxyhemoglobin. The importance of this has been pointed out by 
•inn, ■heard, Bollman and Baldes M in connection with visual spectrophotomctrie 
a iseualions to determine the site of formation of bilirubin. Oxyhemoglobin 
us a \ on- strong absorption band at the short-wave end of the visible spectrum, 
of 1 T n f}° n covere d bv the most prominent and characteristic absorption band 
time '- 11 ' Themaximal °P tical density in the latter band is roughly twelve 
0X viir f'T-' ! ! K in the former - But we have found that the concentration of 
eoior , 0 , 1 , m a SCrum "’ hich a PP caTS to the unaided eye to be free from red 
nallv may be much greater than the concentration of bilirubin; so that 
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the absorption in the oxyhemoglobin may be comparable to that in the bilirubin, 
in spite of the greater power of absorption of the latter. 

To test the visibility of traces of oxyhemoglobin, various concentrations in 
water were prepared and the color noted when viewed against an illuminated 
white background. Thicknesses of solution of 1.5 and 9.0 cm. were examined, 
making direct comparisons with pure water. Data for the higher dilutions are 
given in Table I. Visual detection of oxyhemoglobin in blood serum is much 

Table I 


Visual Appearance or Aqueous Solutions or Oxyhemoglobin 


HEMOGLOBIN, CONCENTRA- 
TION IN MG. TER C.C. 

COLOR, VISUALLY* OBSERVED 
THROUGH 1.5 CM. DEPTH 

COLOR, VISUALLY OBSERVED 
THROUGH 9.0 CM. DEPTH 

0.03G 

Not detectable, except when 
compared with pure water 

Very faint pink, but noticeable 

0.024 

! 

Not easily detected, even when 
compared with pure wafer 

Hardly detectable, except when 
compared with pure water 

o.o or l 

Not detectable 

Not detectable. 


more difficult than in water, since the color of the serum tends to mask that of 
the oxyhemoglobin. We have found by spectroscopic and spectrophotometric 
measurements that amounts of from 0.05 to 0.10 mg. per c.c. frequently escaped 
detection by the unaided eye; while in one case a serum containing approxi- 
mately 0.2 mg. of hemoglobin per c.e., or about 100 times the normal bilirubin 
content, appeared free from hemoglobin, the color being masked by that due to 
a high concentration of bilirubin. These concentrations of hemoglobin are easily 
high enough to modify the absorption spectrum greatly. 

These data show clearly that in spectrophotometric studies of bilirubin m 
blood serum the possibility of errors caused by traces of oxyhemoglobin cannot 
be ignored, even in serums which appear free from red color. Corrections must 
be made for the effects of the oxyhemoglobin unless these effects can be shown 
to be negligible. 

DETERMINATION OF CONCENTRATION OF TRACES OF OXYHEMOGLOBIN 

The concentration of hemoglobin in traces of oxyhemoglobin in the serum 
was measured with a ICeuffel and Esser spectrophotometer (“color analyzer ) 
by the method described by the authors. 6 This method, while accurate to 1 
or 2 per cent for the concentrations of hemoglobin usually found in blood, is 
much less accurate for very low concentrations. But the accuracy is sufficient 
to permit of fairly reliable corrections for absorption by traces of oxyhemoglobin. 

Another method, of about equal reliability for very low concentrations o 
hemoglobin, was used on some of the serums. The serum was diluted a known 
amount, shaken with air, and examined in a glass cell of adjustable thickness 
placed in front of the slit of a spectrometer. With light from an incandescen 
lamp (always the same lamp and voltage) passing through the cell, the tine' 
ness of serum was reduced until the absorption band of oxyhemoglobin at uave 
length 577 m/t disappeared. From tlie thickness at disappearance of the ban , 
the concentration of hemoglobin was found by comparison with values obtame 
for known concentrations. 
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ABSORPTION SPECTRUM OP BILIRUBIN 

To determine concentrations of bilirubin spectrophotomctrically, it is neces- 
sary to measure the transmission only at one suitable wave length for which the 
absorption ratio is known. But in order to identify or otherwise imestigate 
the pigment, one usually must determine the curve which represents the absorp- 
tion spectrum. This may be represented by plotting absorptions, extinction 
coefficients or absorption ratios. Or transmissions may be plotted, since the 
values of transmission and of absorption are complementary. We shall plot 
transmissions. 

So far as possible we shall reserve for a separate paper the discussion of 
the absorption spectra wc have determined for various samples of bilirubin. 



owever, to illustrate the general characteristics of the spectrum, we show in 
Bigs. 1 and 2 the curves obtained for blood serums from two jaundiced patients. 

istilled water was used as comparison substance, since bilirubin-free serum was 
not available, for reasons already stated. Hence the curves must show the 
absorption due not only to bilirubin but also to other substances in the serum, 
'owever, at wave lengths longer than 330 or 340 np*. no substance ordinarily 
Piesent in serum, excepting hemoglobin or its compounds, is at all comparable 
o llirubm in its power to absorb radiation. Therefore above 330 or 340 npi 
t - 1C CU * TC f represent the absorption spectrum of bilirubin fairly closely, par- 
’ CU •' 111 "here the concentration is very high. In Pig. 2 correction 

'as made for the absorption due to oxyhemoglobin (upper curve), the broken 
no curve representing the corrected bilirubin spectrum. The curve in Fig. 1 
C ° e 110 c °rrection, since no oxyhemoglobin appeared in the serum. 
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The prominent band with maximal absorption at 2S0 m/i is not character- 
istic of bilirubin. This is shown by the curves we have obtained for various 
samples of serum, from which it appears that the absorption in this region is 
independent of the concentration of bilirubin. Lewis 11 found the same hand in 
the spectra of pscudoglobulin. euglobulin and albumin, from which lie concluded 
that its appearance in the spectrum of blood serum is due specifically to the 
serum proteins. Later Stenstrom and Iieinhard 21, 22 decided from spcctrophoto- 
metric evidence that the tryptophane and tyrosine constituents of the protein 
molecule are responsible for this band. 

The curves in Figs. 1 and 2 are alike in general shape but differ in minor 
details. For the most part the minor differences are not due to experimental 



Jkfc " ~ " "pi"! .Mr -i • 1 ■ " "-P. I.V * 

IVi.e loi.jLh. m.n 

Fig'. 2. — Spectrum of blood serum of jaundiced human being. For wave ierrths Urr-.'_ r 
than about 3-10 mg, the general shape of the curve (broken line) is typical of serum binri • 
The lower curve represents observed transmissions. The upper curve is calculated, to repie 
the trace of oxyhemoglobin present in the scrum and is used in obtaining the cor rectea c 
(broken line). Bilirubin concentration, 4.3 mg. per 100 c.c. Serum undiluted. Thieknes., a 
298 mg, 0.772 mm. 


errors. The prominent feature of both curves, definitely characteristic o 
bilirubin, is the broad absorption band extending from the green region of the 
visible spectrum to the neighborhood of wave length 3G0 mp in the ultraviolet. 
The wave length of maximal absorption seems to vary somewhat. It is difficult 
to locate accurately, since the absorption band is very broad and rather fiat 
at its lower end. In Figs. 1 and 2 maximal absorption is approximate]) at 
wave lengths 445 and 460 ni/x, respectively. Practically all our curves fd 
bilirubin in human blood serum gave evidence of maximal absorption at sonic 
wave length between these two values, the average being abont 453 mp. Ealnei 
located it at 435 m^ but did not state whether his observations were made on 
serum bilirubin or on solutions of purified bilirubin. We have found an avei 
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age value of 432 m,i for purified bilirubin dissolved in 0.02 X sodium hydroxide, 
this value being the average of nine determinations. 

ABSORPTION SPECTRUM OF OXYHKMOUI.OBIN 

The absorption spectrum of oxyhemoglobin. Fig. 3, was obtained from 
samples of blood from three normal men. Clotting was prevented by adding 
a little dry ammonium oxalate. The hemoglobin content was measured by the 
spectrophotometrie method of the authors'’ and was found to be normal in each 
case. Part of each sample of blood was centrifuged and the plasma used as fluid 
for comparison. The whole blood and plasma were diluted equally with 0.1 
per cent sodium carbonate solution. After dilution the concentration of hemo- 
globin was 1.22 mg. per c.c. This solution was shaken with air to convert the 



3 ' Spectrum of oxyhemoglobin normally present in human blood serum, computed for an 
assumed transmission of 30 per cent at wave length 427 m/i. 


hemoglobin mto oxyhemoglobin. A layer 0.772 mm. thick was examined in 
each case. 

Since the diluted blood was not centrifuged, the absorption represented in 
lnMl mclu( * es t! ' at duc t0 tiie stroina the hemolyzed cells. The absorption 
Tho f u CCU b ° dieS is SmaU com P ai ' ed t0 that °f the oxyhemoglobin, however 
sho ?!. 0WlnK faCtS 5ustify this statement: (1) Curves obtained by Struts 
GGo'm 'VoVt 0 l i- C CaSC U1 thC spectral ran " e between wave lengths 450 and 
obtain* 1 ' In , ect spectrophotometrie comparisons of blood serums we have 

Thecnln SCV i , CUn - CS 1Cprcscntin S the spectrum of oxyhemoglobin alone. 
550 m ( /' CC Cl ° SOly Wlth the curve iu ^g. 3, from wave length 320 or 340 to 

shape h ° rw? fl< ? ni 1hC thrCC bl00d samples werc exactly alike in general 
a l>e. Conespondmg transmissions differed by less than the experimental 
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errors of measurement, over a major part of the spectral range respresentcd. 
Positions of maxima and minima, 9 in all, agreed on the average to within 0.7 
mp. 

To calculate the curve of Pig. 3, a wave length in the principal absorption 
band was first chosen, at which wave length, 427 mp, all three curves indicated 
the same transmission. The optical densities (-log, 0 T) at a considerable num- 
ber of other wave lengths were each divided by the density at 427 mp and at 
each wave length the average value of the three density ratios was used in 
calculating the transmission, arbitrarily assuming a value of 30 per cent at 427 
mp. This procedure is based on the fact, previously stated, that for any two 



■ mp 


taininff 

Thickness, v.tio ju«u. j.ius u- unu p-uunus, ai. iinu iii- ***/*. * » v tiring 

observed but are not shown here because of their faintness and the uncertainty in me. - 
transmissions near 100 per cent in tills spectral region. 


wave lengths the ratio of optical densities is a constant independent of con 
centration and thickness. Some of the average density ratios are shown 111 
Table II. 

For comparison with Fig. 3 we show in Fig. 4 the transmission curve foi a 
solution of purified hemoglobin in water containing a little ammonium hydroxi e 
(1 part of fairly concentrated ammonium hydroxide to 125 parts of watei). 
The hemoglobin was prepared by the method of Welker and Williamson. 11 
the solution the concentration of hemoglobin was 1.21 mg. per c.c. The solution 
was exa min ed speetropliotometrically within thirty minutes after prepaiation 
and was not exposed to radiation which might cause it to “fade.” The solution 
was shaken with air just before examination. We are not prepared t0 
whether the resulting compound of hemoglobin was oxyhemoglobin or a sa 
hemoglobin. However, we note that when sodium hydroxide was substitu e 
for the ammonium hydroxide, visual spectroscopic examination revealed a ro 




absorption band centered at about wave length 620 ni//., in addition to the usual 
and /?-bands at 577 and 542 m/i, shewn by both solutions. The a- and 
/1-bands were less distinct than in the solution with ammonium hydroxide. (In 
Pig. 4 these hands are not indicated, for reasons noted under the figure.) These 
differences show that the nature of the compound of hemoglobin obtained in 
such a solution depends on the kind of alkali which is added. 

It is seen by comparing Figs. 3 and 4 that although the two spectra are 
generally similar, the spectrum in Fig. 4 differs from that in Fig. 3 in the 
following particulars: (1) considerably greater absorption in the spectral region 
lying approximately between wave lengths 340 and 395 m/;.; (2) very much 
less absorption in the principal part of the most prominent absorption hand, 
roughly from 395 to 440 m/t; (3) less absorption in the region of the a- and 
/1-hands, 577 and 542 m^.. These differences could not he due to the stroma 
111 the serum, since these bodies would increase rather than decrease the absorp- 
tion shown in Fig. 3, which action could not cause the first difference, and 
since the stroma does not absorb specifically in the spectral regions of the three 
hands mentioned in the statement of the second and third differences. A re- 
liable quantitative comparison of the two curves may he made by comparing 
corresponding ratios of optical density. Some such ratios with respect to the 
density at wave length 4C0 m/i are shown in Table III. Wave lengths of 
maximal and minimal absorption up to 510 m/x are represented, with some inter- 
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mediate values. While at each wave length the magnitude and algebraic sign 
of the difference shown in the last column are dependent on 1 lie choice of wave 
length at which the optical density is taken as reference, the great range in 
magnitudes and the wide departures from zero show without ambiguity that 
the two spectra cannot belong to identical substances, although the substances 
evidently are rather closely related chemically. This would be true also if 
sodium hydroxide were substituted for the ammonium hydroxide in preparing 

Table III 


Comparison op Density Ratios for Spectra op Figs. 3 and 4 


WAVE LENGTH 

X 

DENSITY RATIO 

(= - LOG,, T x /- LG a n TV,,) * 

DIFFERENCE, IN PEE 
CENT OF VALUE FOR 

FIO. 3 

FIG. .’» 

fig. 4 

(him) 




235 

5. 9S 

7.52 


254 

2.70 

3.35 

Cl 

*r 

271 

3.03 

5.0S 

+ 2 

307 

1.45 

1.00 

+10 

343 

2.25 

2.7S 

+24 

370 

1.S8 

.3.1 0 

+05 

395 

5.00 

3.80 

T 0 

41S 

S.77 

4.0.0 

-47 

430 

1 

3.50 

-30 

442 

2.17 

1.S0 

-14 

4G0 

1.000 

1.000 

0 

510 

0.405 

0.432 

— 7 


•Numerator and denominator represent the optical densities at wave lengths A « nli 
460 ma. respectively. 


the compound of hemoglobin, as is shown by the nature of the resulting modifica- 
tions observed in t ho absorption spectrum. Therefore we conclude that the 
oxyhemoglobin normally present in blood is not identical with the compound 
formed by oxygenating a solution of purified hemoglobin in water containing 
a small amount of ammonium hydroxide or of sodium hydroxide. 

The curves in both Figs. 3 and 4 gave evidence of a very strong absorption 
band, less strong in Fig. 4, with maximal absorption at 418 m/t. Two othei 
conspicuous bands appear in the ultraviolet, with maximal absorption located 
at or very near wave lengths 271 and 343 m ^ in Fig. 3 but much less definitely 
indicated as to position in Fig. 4. In Fig. 4 the separation of the bands at 418 
and at or near 343 m/n is masked by the absorption in the region between them- 
Both curves show a cut-off at about 230 m/i. 

Few accurate data have been published on the absorption spectrum of 
oxyhemoglobin in the ultraviolet and shorter wave lengths of the visible spec- 
trum. Kayser 10 refers to a number of observations made by various investigatois 
between 1878 and 1904, but many of the data secured are unreliable or are ex 
pressed only in approximate figures. Strub" 3 has published absorption cumes 
and data for the visible region above 450 m/t. Suhrmann and Kolia th -4 show 
absorption curves for solutions of blood, in general shape closely similar to the 
curve in Fig. 3 and with the positions of the absorption bands approximate J 
the same. But only eight values are plotted in the entire spectral range between 
315 and 580 m n, so that the shape of the curve and the positions of maxima 
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and minima as shown can he considered only as rough approximations. 1 licks 
and Holden 11 have published values of the wave lengths at which maximal and 
minimal absorption occur in solutions of oxyhemoglobin in the ultraviolet and 
violet spectrum. The oxyhemoglobin was prepared by the method of Adair, In 
the principal hand, maximal absorption was observed at 411.5 nip. Berg and 
Schivarzacher* located maximal absorption at 413./ m p. Details of their experi- 
mental work arc not given. 

As shown in Fig. 3, we find that in the case of oxyhemoglobin occurring 
normally in human blood serum, maximal absorption in the principal absorp- 
tion hand occurs at 418 nip. This location is clearly indicated in a considerable 
number of other spectra which wc have charted. Early observers, for the most 
part employing less accurate methods of measurement, usually assigned some 
value between 408 and 415 mp. In treatises on physiologic chemistry and in 
other recent writings, one of these earlier values usually is quoted, apparently 
without verification. In the absorption curves obtained by Suhrmann and 
Kollath, maximal absorption is indicated at about 40S mp. But the curves are 
only rough approximations, for reasons already stated. The few points which 
are plotted fall more logically on a curve showing maximal absorption at 415 
or 420 mp. In the measurements by Hicks and Holden, who found maximal 
absorption at 411.5 mp, it is to be remembered that their results are for solutions 
of purified oxyhemoglobin. In view of our demonstration of the lack of identity 
between oxyhemoglobin normally present in blood and the compound of hemo- 
globin formed by oxygenating a solution of purified hemoglobin in water con- 
taining a small amount of ammonium hydroxide or sodium hydroxide, it cannot 
be assumed a priori that the oxyhemoglobin examined by Hicks and Holden has 
an absorption spectrum identical with that of oxyhemoglobin occurring normally' 
in blood. 


The average value of the absorption ratio of oxyhemoglobin at wave length 
HS mp, as computed from the three curves from which Fig. 3 was calculated, is 
1000,136 gm. per sq. cm., where the concentration is in gm. per c.e. and the 
thickness in cm. At 427 mp. the value is 0.000,181. Using these values and the 
density ratios in Tabic II to calculate the absorption ratio at 542 mp, the wave 
kngth of maximal absorption in the /3-band, the value comes out 0.00133, not 
•n dose agreement with the value 0.00110 previously found by the authors. 0 

ut 0.00133 is much less reliable, being based on craves showing transmissions 
0 . an< * 88 per cent, respectively, at wave length 542. At high trans- 

missions (T) the optical densities (-log„,T) are small and vary rapidly noth 
C lan 8 es in T. Therefore the accuracy of the determined values of optical density 
*m corresponding density ratios is affected to a disproportionately large degree 
h ei tors in T, the effect increasing as T approaches 100 per cent. The curve 
• him mg 3 == 82 per cent at 542 mp gives an absorption ratio of 0.00107. in o- 0 od 
•M cement with the value found previously. 

KTHOI) Ol CORRECTING FOR ABSORPTION BY OXYHEMOGLOBIN IN DETERMINING THE 
ABSORPTION spectrum or concentration of bilirubin 

,i ^ f e h ' l ' e j n ' esc 'itcd data which clearly show the necessity of making eorrec- 
01 10 a ,sor Ption due to traces of oxyhemoglobin when investigating serum 



G04 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


bilirubin spcetrophotometrically. If only the concentration of the bilirubin is to 
be determined, it is only necessary to find the transmission of the oxyhemoglobin 
at one wave length, namely, that wave length at which the transmission of the 
bilirubin is used in calculating its concentration. But if the nature of the in- 
vestigation makes it necessary to map the absorption spectrum of the bilirubin, 
the transmission of the oxyhemoglobin must be determined at a sufficient number 
of wave lengths to make it possible to correct the observed transmission spectrum 
throughout, its length. In either ease the transmission of the oxyhemoglobin at 
any wave length shorter than about 520 or 530 m /i must be calculated from its 
concentration, since the bilirubin interferes with direct measurement of the 
oxyhemoglobin transmission. The two methods of estimating traces of oxyhemo- 
globin have been presented and discussed. The procedure to be followed in 
making the corrections will be made clear by the following illustration : 

In Fig. 2, the portion of the curve labeled “scrum” lying between wave 
lengths 340 and 5S0 m/i is the typical uncorrected curve for serum which contains 
an abnormally high concentration of bilirubin. The hemoglobin concentration 
(C) was estimated to be 0.000,17 gm. per c.c., an amount' too small to be de- 
tected by the unaided eye. The thickness (L) of serum was 0.0772 cm. The 
absorption ratio (A) of oxyhemoglobin at 427 m/t (the choice of wave length is 
arbitrary, providing we use the proper absorption ratio) is 0.000,181 gm. per sq. 
cm. Therefore at this wave length the transmission T 4ST is found by substitution 
in Equation (1), which gives 


0.000,17 — - 


0.000, 1S1 

0.0772 


logic T, jt , 


from which T. 127 = 0.S46 or 84.6 per cent. The transmissions at other wa\e 
lengths are found from this value by the use of Table II. For example, at 
380 m/i we have, from the table, 


log T, 


- lop 


T«7 


= 0.315. 


Since T 4 „ = 0.846, this gives T 3S0 = 0.949 or 94.9 per cent. Plotting this value 
and others similarly found, the oxyhemoglobin curve shown in the figure is 
drawm. To correct the observed spectrum (curve marked “serum”), the trans- 
mission at each of a number of different wave lengths is divided by the cone 
sponding transmission shown by the oxyhemoglobin curve. For example, at 
m/i the respective transmissions are 50.3 and S7.1 per cent, therefore the coi 
rected value is 50.3/S7.1 or 57.7 per cent. This value and others similarly c 
termined are plotted to obtain the dotted curve labeled “serum minus oxyhenw 
globin, ’ ’ W’hich represents the corrected bilirubin spectrum between wave leng 1S 
340 and 580 m/i. 

In case the oxyhemoglobin transmission is first calculated for some " aie 
length, A 1} other than 427 m/i, the density ratios in Table II cannot be use • 
Instead, new values are found by dividing each tabulated value by the va uc 
given for A,. For example, if A, is 41S m/i, the density ratio with respect to i 
will be, at 400 m/i, 0.664/1.33 or 0.499; at 450 m/i it will be 0.194/1.33 or 0.14b; 
and so on. 
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If it is desired only to find the concentration of the bilirubin, it is unneces- 
sary to determine the entire oxyhemoglobin curve. Only one value of transmis- 
sion is needed. For example, if the transmission of the scrum is determined 
at wave length 410, it is necessary to know the transmission of the oxyhemoglobin 
only at that wave length. The method of finding it is illustrated abo\e. The 
correction is made by dividing the observed transmission of the serum at 
410 ni/i by the corresponding transmission of the oxyhemoglobin. The corrected 
value is used in calculating the bilirubin concentration by means of Equa- 
tion (1). 

Such corrections may seem somewhat laborious. But if serum bilirubin is 
to be studied spectrophotometrically, either the corrections must be made or 
it must be shown that oxyhemoglobin is not present in amount sufficient to 
alter the spectrum significantly. So far as oxyhemoglobin in serum is concerned, 
the unaided eye is incapable of deciding whether the serum is spectrally ‘'clear” 
or not. 


DETERMINATION OF CONCENTRATION OF BILIRUBIN 

The concentration of bilirubin is found by substituting in Equation (1) 
the values of A, L, and T. It is best to determine the transmission T at some 
wave length in the most prominent absorption band, preferably at or near the 
wave length at which maximal absorption occurs. In the case of bilirubin in 
human blood serum, we have found this wave length to be approximately 453 mp. 
The exact value is immaterial, since the absorption band is broad and the trans- 
mission near the minimum varies but little over a considerable spectral range 
(Figs. 1 and 2). Minimal transmission in the narrower oxyhemoglobin band 
is at 418 rap.. Therefore the eimor due to absorption by traces of oxyhemoglobin 
may be largely avoided by measuring the transmission at 450 or 460 mp, since 
at these wave lengths the absorption by oxyhemoglobin is very much less than 
at 418 ripi (Fig. 3). 

In Table IV are shown the values of the absorption ratios of bilirubin at 
na\e lengths 450 and 460 mp, calculated from transmission curves obtained in 
our investigations of the two types of bilirubin in human blood serum and in our 
o senations on the development of obstructive jaundice in the dog. All the 
serums were undiluted when examined, except the second, fifth, and sixth, which 
vere diluted to one-third the concentration shown in the table by adding 0.1 per 
cent sodium carbonate solution. 

Tim serums were prepared as follows: The blood was carefully drawn and 
P acec in an ice box until clotted, after which the clot was loosened and the serum 
o > ained by centrifuging. The serum was returned at once to the ice box or put 
m a Dewar flask containing ice at 0° C., where it was left until its spectro- 
io ometne examination, which was made within a few hours. Since the serum 

Prcciable a ' ld at °° 0r a little aljove > "fading” probably was inap- 

nssimlr^-T thC ValllCS of the absorption ratios (A, Table IV), each was 
from an P r °P°riional to the reciprocal of the error in A resulting 

ror oi l per cent transmission in determining the transmission Such 
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error in A becomes progressively larger as t lie transmission approaches 0 per 
cent or 100 per cent and is smallest in the range from about 20 per cent to 60 
per cent. 

The individual values of A in Table IV admittedly vary too much to war- 
rant regarding the averages as highly accurate. To a small extent the variations 
are due to inaccuracy of the spect ropho tomct ric determinations. But careful 
consideration has led us to conclude that the variations are due mostly to errors 
in the values of bilirubin concentration C as determined by the van den Bergh 
method. In spite of the large average deviations, the average values of A ob- 
tained from blood serum of man and of dog arc in close agreement. The dif- 
ferences (3.5 and 1.8 per cent) are too small to be considered as other than 
experimental. The values for the two kinds of serum probably are identical. 
Also, for each serum the average values at wave lengths 450 and 460 mp are very 
nearly equal. For either wave length and for the serum either of man or of 
log we may consider 11.3 x 10-° or 0.000,011,3 gm. per sq. cm. as the correct 
value of the absorption ratio of bilirubin. This agrees closely with the value 
11.4 x 10'° found by Cutten, Emerson and Woodruff 5 for bilirubin dissolved in 
chloroform, at wave length 450 m p. 

It is recommended that in determining the concentration of bilirubin in 
blood serum the transmission be observed at wave length 450 or 460 m p. The 
latter is preferable, since at this wave length oxyhemoglobin absorbs a little less 
radiation than at 450 mp. The absorption ratio for oxyhemoglobin at 460 nip, 
calculated from Table II and the value 0.000,136 at 418 mp, is 0.001.20 gm. per 
sq. cm. 

Table IV 

Values or the Absorption Ratios (A,.„ and A, w ) or Bilirubin in Blood Serum, at V-\ve 

Lengths 450 and 400 nip. O Is tiie Concentration or Bilirubin as Determined 

BY THE VAN DEN BERGH METHOD 



HUMAN SERUM 



DOG SERUM 



c 

A 450 


c 

"43* 

•^46* 

(mg. per 100 
c.e.) 

(gm./em.z) 

(gm./cm.2) 

(mg. per 100 
e.c.) 

(gm./cm. 2 ) 

(gm./cm. 2 ) 

1.7 

8.5 x 10" 6 

S.6 x 10-o 

1.0 

5.0 x 10-o 

4.S x 10-" 

9.8 

13.7 

14.0 

2.0 

5.1 

5.1 

4.3 

11.6 

11.5 

4.5 

14.5 

14.4 

4.5 

11.5 

11.4 

5.0 

10.4 

10.5 

15.0 

9.1 

9.1 

0.0 

9.S 

0./ 

15.0 

8.5 

8.5 

8.1 

17.1 

16.S 

22.3 

23.7 

11.8 

16.S 

12.4 

17.1 

9.2 

17.5 

1/.3 

Weighted av- 
erage 

11.1 x 10-'- 

11.2 x 10-o 


11.5 x 10-o 

11.4 X ID 

Average devi- 
ation 

2.1 x 10 -g 

2.2 x 10-o 


4.3 x 10-o 

4.2 X 1U-" 


Weighted average of all values of A„„ = 11.3 x 10-° gm. per cm.-. 
Weighted average of all values of A,„ : 11.3 x 10~ c gm. per cm.- 


SUMJIARY AND CONCLUSIONS 

The ultraviolet and visible absorption spectrum of bilirubin in blood sei nm 
was investigated by means of a quartz spectrograph and rotating sector pro 
tometer, with an under-water spark as source of radiation. Data were obtnine 
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on the visibility of small amounts of oxyhemoglobin in water and in blood serum, 
and on the effects of traces of this pigment in spoetropbotomctric investigations 
of the components of serum, particularly bilirubin, (’haraet eristic spcctia of 
scrum bilirubin, of serum oxyhemoglobin and of an oxygenated solution of 
purified hemoglobin in alkalized water are shown and discussed. Some con- 
stants of the absorption spectra of scrum oxyhemoglobin and of scrum bilirubin 
are evaluated. A method of calculating the spectrum of a small amount of oxv- 
hemoglobin in scrum and of correcting the observed spectrum is described. J lie 
principal conclusions are as follows: 

1. In blood serum, traces of oxyhemoglobin not detectable by the unaided 
eye may absorb considerable amounts of radiation, modifying the absorption 
spectrum greatly. 

2. In spcctrophot omot vie investigations of bilirubin in blood scrum, correc- 
tions must be. made for absorption of radiation by traces of oxyhemoglobin, even 
in serums which appear "clear,” unless it can be shown that such absorption is 
negligible. 

3. In correcting the absorption spectrum of blood scrum or of other body 
fluid for the absorption due to oxyhemoglobin, it is necessary to determine the 
concentration of oxyhemoglobin and then calculate its transmission (a) at 
various wave lengths, in case the nature of the spectrum is in question ; or (b) 
at one particular wave length only, in case only the bilirubin concentration is 
required. 

4. The most prominent absorption band of serum bilirubin is very broad. In 
human serum, minimal transmission in this band occurs at or near 453 m p. 
llinimal transmission in the most prominent absorption band of oxyhemoglobin 
in serum is at 418 mp. 

5. The oxyhemoglobin normally present in blood is not identical with the 
compound formed by oxygenating a solution of purified hemoglobin in water 
containing a small amount of ammonium hydroxide or of sodium hydroxide. 

6- .Serum oxyhemoglobin has the following absorption ratios, in gm. per 
s ( l- cm. : at 418 mp, 13.6 xlO- 5 ; at 427 m,,., 18.1xl0' r ’; at 460 mp, 12.0x10-*. 
The absorption ratios of serum bilirubin at 450 and 460 mp are very nearly 
Cf iual, both having approximately the value 11.3xl0- r> gm. per sq. cm., both in 
the serum of man and of dog. 

<■ It is recommended that in spectrophotomctric determinations of the con- 
centration of bilirubin in blood serum, the transmission be observed at wave 
length 460 mp. 
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A COMPARISON OP BLOOD SUGAR CURVES WHEN GLUCOSE IS 
GIVEN ORALLY AND INTRADUODENALLY* 


Elizabeth J. Magers, Ph.D., Poughkeepsie, N. Y. 


T HE glucose tolerance test is a common clinical diagnostic aid, but its 
value depends upon a knowledge of the various processes concerned 111 
the response and upon a careful control of the factors which influence its 
interpretation. These factors include the previous period of fasting, the souice 
of the blood used and the amount of exercise taken during, the test. Since t e 
absorption of glucose by the stomach is negligible 1 it seems possible that t e 
emptying rate of the stomach might also influence the curve obtained. 


•From the 
of Iowa, Iowa City, 
tion, April 25. 1933. 


Laboratory' of Pathological Chemistry, University Hospitals. State : f Y n publica- 
!ity, and the Department of Physiology. Vassal- College. Received ioi 
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1 » support ot tin. hvpnlhcris .1,1m' nl, served tltat mn.se;, prmh.ccd pe- 
culiar dips” in certain hiond sngnr cnrvcs which l.e i f l r ' ,rrt f 
absorption teas delayed or stopped Tor n abort tune, l.eeler, Bryan. Cnlbear 
and Fits.- however, noted that after the mpeslton or 100 pm. ■ 

subjects without evident gastric disease, from 26 to 68 per rent of the glucose 
was still in the stomach a. the end of an hour. In the one ease ... winch Wood 



Chart 1. — Blood sugar curves when glucose Is given orally and intraduodenally. 
— Oral curve. Duodenal curves. 


sugar figures were reported, the curve reached a peak in thirty-five minutes 
and had nearly returned to the fasting level in one hour. The stomach at this 
lime contained 27 gm. of glucose, an amount which if given to a fasting 
person would increase the blood sugar. This may be explained by tbe work 
of Cork who has shown that glucose is absorbed from the intestine at a con- 
stant rate which within wide limitations is independent of the concentration; 
and that even after a moderate carbohydrate meal glucose absorption is at a 
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maximum. He states: 5 “No indication was obtained, as in tlie case of 
alcohol, that emptying of the stomach is a limiting factor (in absorption) 
though perhaps more work is required to settle this problem definitely.” 

To what extent then does the emptying of the stomach influence the 
interpretation of the blood sugar curve? Earlier work on this question was 
done by Hale-White and Payne 0 who reported an experiment on one subject 
to whom they gave glucose into the duodenum at various rates. When 50 gm. 
was given within eleven minutes, the blood sugar curve was almost identical 
with the one obtained when glucose was given by mouth. When the rate of 
administering the glucose was decreased so that the time required was one 
and five-tenths hours, it was found that the rise was almost identical with 
the other two curves, that the duration of hyperglycemia was greatly in- 
creased and that the descent was similar in all instances. They concluded 
from this case that the emptying rate of the stomach probably does not influ- 
ence the initial rise of the blood sugar, but that it may change the period of 
hyperglycemia. 

It was believed that the clinical significance of the emptying rate of the 
stomach could be more adequately ascertained by comparing blood sugar 
curves obtained when glucose was given directly into the duodenum with 
those obtained when glucose was given by mouth. For this study 12 subjects 
were chosen at random from the hospital wards. Two tests were made on 
each subject at an interval of not less than three days. The test when glucose 
was given by mouth was conducted as usual. After a fourteen-hour fast the 
subjects were given 50 gm. of glucose in a 15 per cent solution as that was 
the concentration found 3 to pass most quickly from the stomach. The sub- 
jects drank the solution as rapidly as possible, the ingestion requiring less 
than a minute. Finger blood for sugar determination was obtained before 
the ingestion of the glucose and for each half hour thereafter for three hoins. 
Blood sugar was determined by means of the Boyd-Gibson micromodification 
of the Folin-Wu method. 7 

For the duodenal tests a Kehfuss tube was given. It ivas considered that 
the bucket was in the duodenum when a bile-stained alkaline fluid was ob- 
tained by aspirating. The fasting blood sugar was not taken until after the 
tube was in the duodenum, so that if any change occurred in the blood sugar 
due to the swallowing of the tube it could be considered the fasting lei el. 
Warmed glucose solution of the same concentration as previously given b) 
mouth was then given, the administration usually taking from three to fB c 
minutes. Blood samples ivere taken as before. 

The data obtained are given in Table I and Chart 1. It is evident that 
the fasting level of the duodenal curves is slightly higher than the oral curies 
in 7 of the 12 cases. The height of the peak in the two types of curves shows 
no consistent relationship, the duodenal peaks are higher in 5 cases, lower m 
4 cases and the same as the gastric curves in 3 eases. At the end of the three 
hours the blood sugar values of each pair of curves approximate each ot iei 
very closely. 
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ASE 






BLOOD SUGAR MG. 

PER 

CENT 


SEX 

AGE 

vrr. kg. 

DIAGNOSIS 








0 


1 

1 bj 

0 

2K, 

3 

i 

M 

10 

41 

Colitis 

123 

133 

127 

115 

104 

so 

96 






‘110 

142 

130 

120 

111 

105 

86 


M 

20 

65 

Fragile bones 

87 

163 

166 

113 

70 

96 

so 


M 



95 

173 

147 

ins 

91 

S4 

80 

•* 

16 

54 

Dental caries 

SI 

212 

194 

151 

123 


104 


M 




135 

213 

201 

135 

S5 

S5 

329 

4 

34 

67 

Arthritis 

102 

ISO 

22S 

1C5 

129 

100 

79 


M 




142 

213 

165 

129 

110 

S3 

70 

6 

41 

53 

Neurasthenia 

79 

179 

175 

122 

97 

64 

70 






119 

213 

O3O 

179 

118 

S3 

73 

6 

F 

37 

45 


112 

214 

290 

243 

224 

234 

128 


M 

37 



110 

190 

226 

190 

182 

12S 

66 


70 

Splenic anemia 

114 

153 

155 

162 

135 

110 

105 






93 

155 

•} OO 

120 

110 

110 

97 


F 

64 

45 

Diabetes insipidus 

113 

126 

153 

200 

198 

147 

1 22 


M 

53 

ss 


138 

1S1 

175 

337 

129 

94 


Mild diabetes 

105 

1S2 

21S 

164 

135 

92 

84 

10 

M 

56 

54 


10S 

228 

243 

20S 

172 

126 

100 

Mild diabetes 

so 

127 

190 

203 

ICS 

165 

132 

11 

M 



Diabetes 

93 

140 

19S 

190 

170 

165 

127 

22 

73 

172 

243 

300 

380 

391 

324 

2GS 

12 

M 

36 

64 

Diabetes 

151 

260 

2S0 

311 

336 

300 

2S0 

13S 

324 

385 

434 

3S5 

311 

291 






15S 

336 

434 

385 

336 

300 

270 


•The second series is the duodenal curve in each case. 


14 “ a PP arent from the charted curves that the general shape of the two 

n * i ^ 01 ' eac ^ P at »ent is quite similar. One curve may run consistently 

: “ V: or lOTver tlian the Other; when there is a tendency toward a plateau, it 
s et ldent m both curves. 


SUMMARY 


, curves fo,lo "'ing the administration of 50 gm. of glucose by 
« and mtraduodenally show no consistent difference 

narilvSsmtof’ “T?"*’ ^ ^ emptyin " rate of tlie stoma <* 

or no effect on the glucose tolerance test. 
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ELLIPTICAL LED BLOOD CELLS IN MAN* 


A Report of Elk vex Cases 


Sarah H. McCartv, A.B., Birmingham, Ala. 


I N HEALTH the erythrocytes of man exhibit such a remarkably constant 
shape that it is of considerable interest when the mieroscopist encounters 
an individual whose erythrocytes in a large proportion of their numbers 
appear not as the usual biconcave discs we are accustomed to see. but as flat- 
tened ellipsoids. This paper is a report, of eleven such cases. Four of them 
were discovered in the routine microscopic examination of bloods from 
approximately 10,000 individuals. The other seven cases are relatives of three 
of these four patients. 


HISTORICAL 

During the past twenty-nine years this anomaly has been observed m 
more than sixty individuals. The first case was reported by Dresbach 1 ’ 3 m 
1904. The subject was a young medical student who was apparently in good 
health at the time. The observation occasioned considerable scientific debate, 
since the young man died shortly thereafter of a rheumatic heart. One o 
Dresbach ’s contemporaries 2 insisted that the poikilocytosis was the result o 
an obscure form of pernicious anemia or purpura, but Ewing, Erlich ant 
other noted pathologists came to the conclusion that it was an anomaly hav- 
ing no relation to a primary blood dyscrasia, since the red cell count ani 
hemoglobin values were “up to standard.” Ewald in a personal communica 
tion to Dresbach stated that a similar observation had been made at Konigs 


berg twenty or thirty years previously. 

The second case was reported by Bishop 4 in 1914. The patient was a 
white male, aged forty-one, who exhibited no evidences of an anemia. Bishop 
was able to examine blood from members of his patient’s family and found t e 
erythrocytes of a sister similarly deformed. 

Three cases were reported in 1923, one by Sydenstricker* and two, a 
mother and daughter, by Hack and Bigelow. 0 

In 1927 Lawrence 7 reported a series of eight eases of elliptical and sick e 
shaped red cells. Since none of his patients exhibited a high percentage ° 
deformed cells (5 to 10 per cent is the most reported and this patient suffeie 
from a marked anemia) and since he makes no distinction between sickle ce 
and elliptical cells, though he pictures both, these cases have not been u 
eluded in the total figures of this series. r _ 

In 1928 eleven cases of elliptical erythrocytes were reported from e 
many and Holland, 5 by van den Bergli, 8 ' 10 1 by Bernhardt , 9 and 5 
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Gunther. 11 Van den Bergh examined the family of his first patient, and found 
the father and two sisters similarly a fleeted. These 3 individuals were healthy 
and had no anemia. 

In 1929 Hunter and Adams'- definitely established the iamilial nature of 
the phenomenon by observing the peculiarity in :1 generations of a family of 
Dutch extraction who had emigrated to the Northwest. 


In 1931 Lawrence 1 " described 5 eases; 2 ot the patients weie the child 
and grandchild of one of liis hospitalized patients. Later in the same t ear \an 
den Bergh and Rehorst” investigated the antecedents of the family Kl — 
the Americau branch of which had been described by Hunter and Adams. 
They found 7 other individuals similarly affected. Many of the relatives re- 
fused to have their blood examined or it is probable that the Kl — s would have 
swollen the statistics on elliptical cells still further. In .July. 1931. Roth and 
Jung 15 described another case in a young white woman whose blood had been 
observed over a period of nine years with no appreciable change in the per- 


centage of cells exhibiting the deformity. 

In February. 1932, Terry and his associates 1 '" ” described two cases with 
autopsy. In March, 1932. Cheney 11 reported the largest series of cases. 14 in 
all. in 3 generations of a family of Italian extraction. 

In the last twenty -nine years, then (excluding the observations of J. S- 
Lawrence in 1927). the anomaly has been observed in 57 individuals and in 
17 family groups. In addition there are known to be 11 cases not yet re- 
ported in the literature. Sydenstricker has observed 6 cases in addition to 
the one he reported, -Jaffe has observed 2, and van den Bergh reports 2, one 
seen by Dr. Pelger of Amsterdam and one by Dr. Vroorn-Hilder. I include 
also the case at Konigsberg with which Ewald was familiar. Males and fe- 
males have been about equally affected. It has been seen in the mulatto, the 
American negro and in whites of Dutch, German, Italian, Scotch, and Hebrew 
extraction. The youngest individual known to have the peculiarity was aged 
nine months (see below) and the oldest was aged eighty-four (Gunther’s 
case 11 ). 


CASE REPORTS 


On only 3 of our cases was it possible to do detailed work. These pa- 
tients remained in the hospital for some time and have been observed from 
time to time ever since. In the case of relatives showing the elliptical anom- 
al * v > ^ ^as practicable to make only microscopic blood examinations. 


Case 1. — B. T., a negress, aged twenty-five years, was admitted to tlie Hillman Hospital 
nitU typhoid fever. The Widal reaction was strongly positive, the leucocytes numbered 7,150. 
n ma k' n g the differential blood count it was noted that 90 per cent of the red blood cells 
"ere peculiarly deformed, being about twice as long as they were broad. M this time we 
"ere an estimating the incidence of meniscoeytosis among our hospital patients, and we pre- 
]aru Met preparations of this blood in the usual manner. The striking elliptical deformitv 
tZFT*' “ thCSe " et P re P aratlons “Bo, but no “sickling” occurred. Repeated examina’- 
phv s ioW Smea v S a " a C6llS C0lIectcd in vari0lls flui( l s > Harem’s solution, Locke’s solution, 
collected 8 fro 3 ! 1 if’ C,trat<? ’ 0Salatc ’ al ' vays revealed the - a ™ abnormality. Blood has been 

values have r J 7°™™ t0 ^ during t1ie l!ist - Tears - The hemoglobin 

* R d from <4 to 6S per cent (Sahlil. the erythrocyte count from 4.630,000 to 
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in the long axis of the cell. These cells resembled more closely than any others in this senes 
the cells seen in the blood smear of a camel. 

Hemoglobin values have ranged from afi to 84 per cent (Snhii) in samples of blood 
taken at various times during the last five years. The erythrocyte counts ha\c varioi rom 



Fiff. 2. — Stained film of blood of F. XL 



Fig. 3. — Wet preparation of blood of F. XI. 



'''' ''' Preparation of blood of E. XL, son of F. 31. The percentage of elliptical cells 
is much less than in the mother’s blood. 

ifvriUb ^ ’ , ’° 30 ’ 000 P er e -™m. with a color index always of 1.1. The volume index was 1.04. 

and tv V SCCn t! ' Ut althouRh these ce ' 5s aTC unusually long, their measurements for breadth 

test- - C v? WC S ° that the y have v ery nearly a normal volume. < ‘ Fragility ’ ’ 

heticolocvtl nT 0l?S5S at °' 4 ° PCr CCnt K ‘' lCi ’ com P lpte hemolysis in 0.32 per cent NaCl. 
ytes 0.3 per cent. Icteric index 9. 
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3,200,000 per c.mm. All hemoglobin values have been cheeked with the Van Slykc apparatus 
and counts have been made with U. >S. Bureau of Standards pipettes. Except for a brief 
period when the patient was recovering from an anemia duo to a severe menorrhagia, the color 
index has always been slightly greater than 1. In spite of this the cells in the smear appeared 
achrornie. Tn examining wet preparations these pale-staining central areas appeared to repre- 
sent biconcavities. In addition to the definitely elliptical cells there were many poikilocytes, 
sausage-shaped, bifid and tailed forms. The elliptical cells varied considerably in their 
dimensions. .Micrometer measurements made on 1,000 cells in wet preparations gave average 
diameters of 10 by 4.5 by 2.7 micra. The thickness of the cell was hard to calculate, owing 
to the difficulty with which rouleaux were formed. Instead of stacking in rouleaux, the cells 
tended to group themselves in chains with the ends of the cells overlapping, similar to the 
phenomenon observed in camels’ cells by Ponder. -'5 Various methods for more accurate 
measurements were attempted, notably the Pricc-Jones method, 23 - ne but this proved too elab- 
orate for routine use, and it was found difficult to measure the fresh cells accurately even 
with the micrometer, owing to the movement of the cells in the suspending fluid. Following 
linden 's suggestions and working somewhat along the lines adopted by Emmons, 20 if oc- 
curred to us that the volume index might oiler a good cheek on the size of the cells, since 
this would give us measurements of fresh colls in three dimensions. The volume index of this 
woman's blood was 1.23, as compared with a normal of 0.96. 



Flff. 1 . — Stained film of blood of B. T. Tailed and bifid poikilocytes are seen. 

The percentage of deformed cells was 91.1 in smears and 91.0 in wet preparafions- 
These figures are based on counts of the number of poikilocytes occurring in 1,000 cells su s 
pended in Hayem’s fluid, and 1,000 fixed cells. The reticulocyte count, was 0.2 per cent, the 
icteric index 3.9, Initial hemolysis occurred in 0.44 per cent. NaCl, and was complete ,,! 
0.30 per cent. 

Two sisters and a niece aged nine months, exhibited the anomaly. One sister had 
17 per cent of deformed cells, the other 27 per cent. The baby showed 26.9 per cent of the 
erythrocytes to be elliptical. A brother and two first cousins showed no alteration in t he 
shape of their red cells. 

Case 2. — F. M., a negress aged twenty-six years, was admitted to the gynecologic service 
in March, 1928, and salpingectomy was performed. Microscopic examination of the b oo 
showed elliptical erythrocytes occurring in the following percentages: 

96.01 per cent in Hayem’s solution 
78.4 per cent in fixed smears 

f B T 

The elliptical cells were much more uniform in measurement than in the case or r>. 
The largest cell measured was 11.5 by 5.5 micra, the smallest 8.6 by 4.S micra. Average 
measurements for 1,000 cells in wet preparations were 9.6 by 5.4 by l.S micro. In some ceK 
two pale-staining areas taken to represent biconcavities were seen one below the other place 
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the cells seen in the blood smear of a camel. , 

Hemoglobin values have ranged from 56 to S4 per cent (SnhU) in samples of blow 
taken at various times during the last five years. The erythrocyte counts have varied from 
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! — M'et preparation or blood of E. M.. son of F. M. The percentage of elliptical ceUs 
is much less than in the mother’s blood. 

‘-iSi 0,000 to 4,030,000 per c.mm. with a color index always of 1.1. The volume index was 1.04. 
t tnll be seen that although these cells are unusually long, their measurements for breadth 
b,* 1 *' 53 arC so diminished that they have very nearly a normal volume. “Fragility” 
JL': lmtial hemolysis at 0.40 per cent NaCl, complete hemolysis in 0.32 per cent NaCl 
cticulocytes 0.3 per cent. Icteric index 9. 
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The family of this woman proved rather difficult to examine, but the patient’s three 
sons consented to have samples of blood withdrawn. One of them aged six years showed 
17.7 per cent elliptical colls in smears, and 20 per cent in suspensions of Harem’s fluid. The 
other two showed no abnormalities. 

Case 3. — P. T., a negro male, aged fifty-four years, was admitted to the medical ward 
with lobar pneumonia in June, 1928. When the differential smear was counted a large per- 
centage of elliptical cells were noted and the technician returned to the ward for further 
specimens. In the meantime, the patient had died. Ilis relatives refused permission for 
autopsy and also to have specimens of their blood examined. This case is recorded merely to 
complete the incidence of the anomaly in this series, since confirmatory examinations could not 
be made. 

Case 4. — E, Me., a negro man, aged forty-eight years, was admitted to the medical 
service in March, 1930, with acute alcoholism; 4S per cent of liis erythrocytes were of 




Fig. 5. Fig. 6. 

Fig. 5. — Stained film of blood of patient E. Me. A few “double biconcave" cells can be seen. 
Fig. 6. — AVet preparation of blood of E. Me. 

elliptical outline when seen in Hayem’s fluid, 40 per cent were elliptical in smears. His cells 
were the largest noted in our series, averaging 13.3 by 5.78 by 2.89 micra (micrometer measure 
ments in wet preparations). The round cells had an average diameter of S mu. Hemoglobin 
values have varied from 78 to 74 per cent (Sahli) red counts from 4,160,000 to 4,030,000 with 
a color index of 0.9. The volume index was 1.5. This is a higher value than is the average 
even in pernicious anemia. The cells packed to 60 per cent of the whole blood volume, whereas 
normal cells pack to 48 per cent of the blood volume. The volume of the elliptical cells 
computed from actual measurements is 193.2 c. micra. This will give some idea of their 
enormous size. “Fragility” test: initial hemolysis at 0.40 per cent, complete hemolysis at 
0.30 per cent NaCI, reticulocytes 0.3 per cent, and icteric index 6.9, 

It was possible to examine the blood from three generations of this family. T"° 
daughters aged twenty-four and twenty-seven years, showed 15.6 and 17 per cent elliptical 
cells in Hayem’s fluid. A granddaughter aged three years showed 10.3 per cent elhptica 
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ceUs. In examinin': bloods showing less than 20 per cent of the erythrocytes to be elliptical, 
it is rather hard to recognize the anomaly and in routine examination we would probably 
pass them up at best with a remark of “moderate poikiloeytosis. 

INVESTIGATION'S TO DETERMINE THE NATI'ItE OF THE ANOMALY 

1. The first problem that presented itself was the nceessity of ditTev- 
entiating the elliptical phenomenon from meniscocytic anemia. The two kinds 
of deformity are in no way comparable. In the first place, sickle cells are 
rarely present in large numbers in blood smears, the percentage of deiormed 
cells increasing materially when a drop of blood is placed under a thin cover 
slip and an interval of several hours allowed to elapse. The percentage of 
elliptical cells when examined in wet preparation after a lapse of several days 
remains the same. Again 'when a drop of blood from a “sickler” is placed 
between a slide and cover slip and fixed in formalin by the time fixation is 
complete, practically every cell is deformed. Cells from elliptical cell pa- 
tients show no material change in size or shape after formalin fixation. Sickle 
cell anemia is a disease characterized by periods of exacerbation when blood 
destruction is very evident. There is urobilinuria, increase of bile pigments 
in the serum. Examination of urine from the three elliptical cell patients on 
whom it was possible to do extensive work showed no urobilin. While the 
icteric index of one of these patients (F. INI.) xvas 9. well within the range of 
latent icterus, the quantitative van den Bergh reaction gave an amount of 
serum bilirubin too small to estimate eolorimetrically. Again sickle cell cases 
show at periods remarkable activity of the hematopoietic system, as indicated 
by enormously increased reticulocyte counts. None of these cases showed any 
increase in reticulocytes, and it is of note that in the literature reticulocytes 
were increased only in those subjects who showed a concurrent anemia. Finally, 
bone of the clinical evidences of sickle cell anemia were present. It seems 
conclusive to us, therefore, that this anomaly is in no way connected with 
sickle cell anemia, and its causal relationship to any other anemia, or to any 
disease, has never been definitely established. 

Our next problem was a study of the external factors which might influ- 
ence the shape of these elliptical cells. Many observers have noted that 
various physical forces, such as pressure on the cover slip, washing repeatedly 
m isotonic saline solution, and increase in temperature diminished the per- 
centage of elliptical cells, or even caused them to disappear entirely. We have 
beter observed any change in the shape of the elliptical cells due to anv of 
t u ‘se factors. Wet preparations sealed with paraffin and observed over a 
period of six weeks showed no evidence of “rounding up.” either when kept 
at room temperature, in the ice box, or in the incubator. The only change in 
* le incu bator preparations was a more rapid hemolysis than in the prepara- 
ions kept at lower temperatures. Cells washed six times in isotonic saline 
s on ed no increase in the percentage of round forms by actual counts. 

■ We * ried t0 determine the cause of the smaller number of ellipses occur- 

ig m the smears than in the wet preparations. We found this in all hut 
o our eases (B. T.). Tliis has been found also by most observers notable 
exceptions being Hunter and Adams- who found about 10 per cent less de- 
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formity under No. 0 cover slips, than in stained smears. Gunther 11 has 
offered a rather ingenious explanation for this “rounding up” of ellipses 
when they are spread out, but to me it is not entirely conclusive. I have 
examined smears of camel’s blood, kindly furnished me by Dr. Charles Noback 
of the New York Zoological Gardens. At the margins of these smears, and in 
areas where the cells are deformed by pressure from other cells, an occasional 
round cell is seen. Any one who routinely examines large numbers of blood 
smears has observed that there is frequently considerable variation in the 
shape and size of the cells in certain areas, even with the greatest care of 
glassware and the most constant technic. 

The influence of chemical agents on the shape of the elliptical erythro- 
cytes was studied as follows : 

A. Hemolytic Agents . — Hypotonic sodium chloride, saponin and sodium 
taurocholate were used. With the saponin and sodium tauroeholate we pre- 
pared dilutions in the strengths recommended by Yeager." Cells taken from 
the tubes where hemolysis was not complete were practically all ellipsoid. 
The elliptical cells appear, therefore, more resistant to hemolytic agents than 
the normally shaped cells. Cells examined from the hypotonic saline solu- 
tions appeared unusually large and full, the biconcavities have been smoothed 
out and the enveloping membrane appears tightly stretched over the swollen, 
turgid cell contents. This apparent swelling of the erythrocyte is always 
noted just before hemolysis in normal red blood cells.'- 4 

Terry 1 * 1 18 has devised an ingenious experiment which offers considerable 
support to the view that the elliptical cells are more resistant to the action 
of hypotonic NaCl than the round cells. He allowed the blood to sediment 
and examined cells taken from the upper and lower layers of the blood. He 
found a greater percentage of ellipses at the bottom of the tube, and con- 
cluded that these cells were heavier. He then ran “fragility” tests on both 
layers of cells and found that, whereas the upper layer of cells (i.e., the 
round cells) gave resistance curves corresponding to the normal controls, the 
lower layer of cells (i.e., the ellipses) showed a much wider range, that is, 
hemolysis began in higher concentrations of NaCl, and was complete in lower 
concentrations. This type of curve is one frequently observed in menisco- 
cytic anemia. We have attempted to repeat his experiments but have not been 
able to get the elliptical cells to sediment. Blood taken from the lower levels, 
either in samples that had been centrifuged, or allowed to sediment, showed 
by actual counts no increase in the number of ellipses above counts taken 
from the topmost layers. Another explanation of Terry's findings has oc- 
curred to us. It is well known that reticulocytes and other young erythro- 
cytes are more resistant to hypotonic saline solutions than are the older more 
“fragile” cells. These cells are also in all probability heavier than the more 
mature cells, since they contain traces of stroma and a larger amount of 
hemoglobin. In both of Terry’s cases the reticulocytes were increased (8 per 
cent in one case). I would suggest that the resistance curves he obtained 
may be dependent on the increased numbers of immature erythrocytes in his 
preparations. It is of note that some of the other observers who found in- 
creased “fragilities” also found an increased number of reticulocytes an 
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STUDIES IN THE SEROLOGY OF SYPHILIS® 


XIII. The Use of the Same Antigen for the Wassermann Reaction and the 
Author’s Flocculation Test; and a Recommended Wassermann Technic 


Harry Eagle, M.D., Baltimore, Md. 


TN A previous paper of this series 1 I recommended the use of a more strongly 
fortified antigen in the ‘Wassermann reaction, an alcoholic beef heart extract 
supersaturated with cholesterol (0.8 per cent) and sitosterol (0.6 per cent). 
Ihls antigen was used in some 80,000 tests at the Johns Hopkins Hospital, and 
proved highly' sensitive and specific. A distinct anticomplementary' action of 
the 1:200 anti gen dilution, due to the coarseness of the lipoid suspension, was 
completely' masked when one used 0.1 or 0.05 of serum in the test, in a total 
volume of from 0.05 to 0.06 e.c. 

A flocculation test was subsequently devised- based on the use of a new 
sterol derived from corn germ as an adjunct to cholesterol, each sensitizer being 
added to a purified alcoholic beef heart extract in a concentration of 0.6 per 
vent. A priori, this flocculation antigen should prove equally serviceable in the 
assermann test, for the two antigens differ in no essential respect save the 
substitution of corn germ sterol for sitosterol. In actual practice, they have 
JCen found t0 Yield practically identical results in a series of 2,630 Wassermann 
csts on approximately 400 patients with syphilis, and on approximately 1,300 
patients with various diseases in a general hospital and dispensary population 
\ table 1). 

School. From the Syphills Division of the Department of Medicine. Johns Hopkins Medical 
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anomaly have been found in all four common blood groups. Three of our 
hospitalized patients were in Group III (Moss). The others were not typed. 

Attempts to determine the etiology of the anomaly have so far proved 
unsuccessful. It cannot be transmitted from individual to individual by blood 
transfusion. Autopsies by Terry 10 - ,s and sternal punctures and splenic punc- 
tures by a number of observers 3 - J3 - !/i - 17 seem to offer definite evidence that 
the cells are not ellipses as they are formed, but as they mature they are 
subjected to the influence of some as yet unknown constituent of the plasma 
which causes them to assume their peculiar shape in the circulating blood. 
They are found in the vessels of the viscera (heart, spleen, and marrow 
spaces) as well as in the peripheral blood. Splenectomy did not affect the 
shape of these erythrocytes. 10 

The whole question of the factors influencing the shape of the erythro- 
cyte and its peculiar constancy, is such an unsatisfactory one that we shall 
probably not be able to solve this problem of the shape of these elliptical 
cells until the more fundamental problems surrounding the usual shape of the 
erythrocyte are better understood. We need to know a great deal more about 
hematopoiesis and the mechanism of the release of the red cells into the circu- 
lation and their ultimate fate, before we can speculate further upon these 
questions. The question of nomenclature has been troublesome. We quite 
agree with Terry and his associates that this form of poikilocytosis should 
not be grouped with sickle cell anemia. Ovalcytosis and ovalemia have been 
suggested. Neither of these terms is entirely satisfactory but none better has 
been suggested. 

Finally it may be said that this anomaly so far as we have been able to 
ascertain has no relationship to disease, in particular to the hemolytic ane- 
mias. It has been found in our series to occur in about 0.04 per cent of indi- 
viduals. All our cases were in negroes. 
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XIII. The Use of the Same Antigen for, tile Wassermann Reaction and the 
Author’s Flocculation Test; and a Recommended Wassermann Technic 


Harry Eagle, H.D., Baltimore, YId. 


jX A previous paper of this series 1 I recommended the use of a more strongly 
fortified antigen in the 'Wassermann reaction, an alcoholic beef heart extract 
supersaturated with cholesterol (0.8 per cent) and sitosterol (0.6 per cent), 
fhis antigen was used in some 80,000 tests at the Johns Hopkins Hospital, and 
proved highly- sensitive and specific. A distinct anticoinplementary action of 
the 1 ;200 antigen dilution, due to the coarseness of the lipoid suspension, was 
completely- masked when one used 0.1 or 0.05 of serum in the test, in a total 
volume of from 0.05 to 0.06 c.c. 


A flocculation test was subsequently devised 2 based on the use of a new 
sterol derived from corn germ as an adjunct to cholesterol, each sensitizer being 
added to a purified alcoholic beef heart extract in a concentration of 0.6 per 
cent. A priori, this flocculation antigen should prove equally serviceable in the 
1 assermann test, for the two antigens differ in no essential respect save the 
substitution of corn germ sterol for sitosterol. In actual practice, they have 
iceu found to yield practically identical results in a series of 2,630 Wassermann 
csts on approximately 400 patients with syphilis, and on approximately 1,300 
(TM l^ VtUh Vall0llS disea - ses 111 a general hospital and dispensary population 
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The author therefore suggests that the use of the Wassermann antigen first 
described by him be discontinued, and that the same antigen® be used for both 
the Wassermann and precipitation tests. The Wassermann technic now in use 
is briefly outlined below. 

It should be again 3 pointed out that tests with highly sensitized anti- 
gens should not be incubated for more than four to eight hours in the ice 
box, as even 1:100 dilutions of the antigen are significantly anticomplemen- 
tary upon overnight incubation. Nevertheless, as has been shown in the pre- 
ceding paper of this series, 3 a four hour ice box test with a highly sensitized 
antigen, followed by thirty minutes' incubation at 37 c C., detects a larger 
proportion of syphilitic sera than an eighteen hour test with an antigen so 
weakly fortified as to be safe for overnight use. Moreover, with the technic 
outlined below, highly sensitized antigens have not been found to yield false 
positive reactions, 3 other than the unavoidable technical slip-ups encoun- 
tered in any laboratory with any technic, and which in a carefully analyzed 
series of 26,611 tests* occurred about once in every 900 tests. 

An Outline of Wassermann Technic 

Antigen A — Fifty grams of dried powdered beef heart (Difeo) are extracted 
for fifteen minutes at room temperature or at 37° C. with 200 e.c. anesthesia 
ether, with frequent shaking. The mixture is filtered, and the process repeated 


Table I 

Results Obtained With the Flocculation Used as Wassermann Antigen, in Comparison 
With the Wassermann Antigen Originally Described (2,630 Tests) 



absolute 

AGREEMENT 

09% 

RELATIVE 
AGREEMENT 1 

0.5% j 

RELATIVE DIS- 
AGREEMENT 
0.1% 

absolute dis- 
agreement 
0.1% 

Original Wassermann anti- 
gen 1:200 dilution 

+ ± 



_ ± 

— -t- 

Flocculation antigen 1:100 
dilution 

+ ± ~ 

+ ± 

t — 

+ 


|S02 106 1,606 

3 

10 | 

1 9 



3 times. The moist powder is washed on the filter with 100 e.c. fresh ether, dried, 
and extracted with 250 e.c. of 95 or 96 per cent ethyl alcohol for three or five days 
at 20°-37° C. The mixture is then filtered, tire moist powder washed with fresh 
alcohol until the filtrate is colorless, and the combined filtrate and washings are 
made up to 250 c.c. Cholesterol (1.5 gm.) and com germ sterol (1.5 gm.) are 
then added and dissolved by boiling, a final concentration of 0.6 per cent for 
each. The antigen is used in the Wassermann test in a 1 :100 dilution, prepared 
by slowly pouring 99 volumes of 0.85 per cent NaCl into 1 volume of antigen. 

Complement . — The pooled serum of from 3 to 7 guinea pigs, allowed to 
stand on the clot overnight at 0 o -4° C., is used in a 1 :10 dilution. 

Scrum . — The serum to be tested is inactivated for twenty minutes at 56 G- 

Cells. — Sheep’s blood is collected in citratef under sterile precautions. Cane 
sugar is then added in bulk to a concentration of 2.5 per cent. Kept in the 

•The antigen or the corn germ sterol can be obtained from the Digestive Ferments Co- 
Detroit, Michigan. 

■(Twenty volumes of blood into 1 volume of sterile 20 per cent Naj-citraie. 
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ice box, the cells remain in good condition for at least two weeks. This me. of 
sugar to prolong the life of the cells was first suggested by Rous and lurnei 
but has unaccountably failed of general adoption. Not only docs the sugar post- 
pone spontaneous hiking of the cells, but most important, because their rests - 
ance to hemolysis by complement is also maintained at a high level, the incidence 
of doubtful (so called 1 ~, 2k 30 results is greatly diminished. 

The blood is washed once or twice in 10 volumes of O.Sa per cent salt solution, 
and the measured cell sediment resuspended in 32 volumes of salt solution, mak- 
ing a 3 per cent suspension. The minimal hemolytic quantity (unit) of ambocep- 
tor is then determined (Table II) , and 3 units are added to the cells in an equa 
volume of salt solution, making a lVu per cent suspension of sensitized ce s. 


Cells, 3$b, c.c. 

Amboceptor, c.c. 

0.S5 jS'aCl, c.c. 
Complement, 1:10, c.c. 


Table II 

Amboceptor Titration - 

0 .1 o° ~ 0.2 0.2 0.2 

I-'SOO 1:1,200 1:1,000 1:2,400 1:3,200 

0.2 0.2 0.2 0.2 0.2 

0 4 0.4 0.4 0.4 0.4 

0 )2 0.2 0.2 0.2 0.2 


Beading of hemolysis complete complete complete complete complete partial none 
after one-lialf hour 
at 37° C. 

Two-tenths cubic centimeter of a 1:2.400 amboceptor dilution therefore represenbs one 
unit. The entire 3 per cent cell suspension is then sensitized with an equal \olume of 1.800 
amboceptor, making a 1% per cent suspension of celis sensitized with three units of amboceptor. 

The tests are set up as outlined in Table III, and the tubes are placed for 
four hours in the ice box, followed by one-half hour in the 37 C. water-bath. 


Table III 


The Boutixe Serum Wassermaxn Test 
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Pour-tenths cubic centimeter of the sensitized cell suspension is then added to 
all the tubes. The antigen controls should clear within ten minutes. The com- 
plement controls containing 0.2 and 0.1 c.c. of complement, should both hemolyze 
completely within one-half hour, while that containing 0.05 c.c. of complement 
should not, inasmuch as the three units of amboceptor automatically correspond 
to 2V 2 or 3 units of complement. The results of the test may be read within five 


Table V 

Spinal Fluid Wassermann Technic 


CONTROLS ] 




TEST 

PROPER 



Spinal fluid, c.c. 

1.0 

0.1 

1.0 

0.6 

0.4 

0.2 

0.1 

0.05 



Spinal fluid 1:10, c.c. 








0.2 

0.1 

0.05 

Complement 1:10, c.c. 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 

0.2 0.2 

0.2 

0.2 

Antigen 1:100, c.c. 



0.2 

0.2 

0.2 

0.2 

0.2 

0.2 0.2 

0.2 

0.2 


Four hours at 0°-5° C.. followed by one-lialf hour at 37° C, Add 0.-1 C.C. sensitized cells. 
Read after twenty or thirty minutes at 37° C. 


minutes of the time the antigen controls have cleared, about twenty or thirty 
minutes in all. If neither tnbe of the test shows any evidence of hemolysis, the 
result is positive; if either tube shows partial hemolysis, the result is doubtful; 
if both tubes are completely hemolyzed, the result is negative. 

For the quantitative titration of a known positive serum, the same test is 
carried out on a series of serum dilutions as outlined in Table IV. The spinal 
fluid technic is outlined in Table V. It need he carried out routinely only down 
to 0.05 c.c., but it is advisable to add the last three tubes with spinal fluids con- 
taining abnormally high quantities of protein. 

SUMMARY 

Properly diluted, the flocculation antigen described by the author has been 
found to be equally serviceable in the Wassermann reaction. The results are as 
sensitive and specific as those obtained with the highly fortified Wassermann 
antigen described in a previous paper of this series. It is therefore suggested 
that the use of the latter be discontinued, and the same antigen be used in both 
the Wassermann and flocculation tests. A recommended Wassermann technic is 
outlined. 
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A PROB 


ABLE UNUSUAL CASE OF HODGKIN’S DISEASE" 


Donald C. Beaver, M.B., and Walter II. Johnson, M.D. 
Rochester, Minn. 


OUCH — clinical and 

process characterized by continued fever, weakness progrcssm B to exhaus to, 
abdominal distention without pain, and diarrhea, all suggestive o typho d 
state, hut with repeatedly negative Widal tests. The pathologic clan es ^weie 
characterized primarily by proliferation of retieulo-endotlielmm and lympho- 
cytes, and extreme necrosis, with involvement of the liver, spleen, ; and abdomi- 
nal lymph nodes. The pathologic interpretation of these changes \\a 
cult as the clinical interpretation of the syndrome. Extreme necrose had 
obscured the picture almost to the point of nonrecogmtion. the differential 
identification of inflammatory granulomas such as occur in tularemia and un 
dulant fever, from Hodgkin’s granuloma or a sarcomatous neoplasm was no 
easily made. Finally, after prolonged study of multiple histologic prepara- 
tions, we concluded that we were dealing either with an unknown granu oma- 
tous process or, as seemed more likely, an unusual manifestation o o 0 un s 
disease. 


REPORT OP A CASE 

The patient was an unmarried white woman, aged twenty-six years, whose entire life 
bad been spent in southern Minnesota. In childhood she and an older brother had been 
victims of an epidemic of catarrhal jaundice which had swept the community, but recovery ha 
been prompt and uncomplicated. She had experienced the usual infectious diseases of^ child- 
hood, and had always suffered from a “weak stomach,” according to her mother. Nausea, 
regurgitation, or vomiting often followed excessive excitement. She had pursued an un- 
eventful life until she was aged twenty-two years, at which time symptoms of peptic ulcer 
appeared. These symptoms had become so severe tliat six months after their onset, sub- 
acute perforation was suspected, and she was taken to a large city for observation in a liospi 
tab Exploration had been carried out after several weeks of observation, and posterior 
gastroenterostomy performed. The exact nature of the lesion found by the surgeon had not 
been revealed to the patient or to her family. Recovery had been slow, and the patient found 
it necessary to observe considerable care in her diet for several years. She had been able to 
resume work as clerk in a postoffice, and for two years had fair health. During the spring 
and summer of 1931, she had become exhausted more easily than usuab In September, 1931, 
she had been confined to bed for several days because of general malaise and slight diarrhea. 
She had returned to her work, and although she felt definitely below par, was able to continue 
ber duties for two or three weeks. 

In the first week of October, gradual distention of the abdomen had begun, with the 
development of obstinato constipation and weakness. The patient’s physician at home had 
been called October 11 because of persistence of these symptoms. He had been unable to ob- 

•Irom the Section on Pathologic Anatomy and Division of Medicine. The Mayo Clinic. 
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tain any more significant liistory than tliat already detailed; there had been no history of pain 
at any time during the recent illness. His examination had disclosed only marked tympanites 
and an elevation of temperature to 100° P. For a week, tho patient's temperature had varied 
from 100° to 104° P. On two occasions it had been found to be 1 04° P. at 4 A.ir. and 
09° F. five hours later. The patient had been able to take light nourishment by mouth. Some 
green-colored fecal material had been obtained by repeated enemas, but the abdominal disten- 
tion remained unchanged. The patient’s condition gradually had become worse, and she was 
irrational at times. From October IS to 21 she had passed each day, spontaneously, three or 
four stools of the appearance of pea soup. Her condition at this time had strongly suggested 
typhoid fever, a condition with which her loeal physician was familiar, but four successive 
Widal tests were reported negative. 


The patient was brought to Rochester in a state of shock October 21. Examination in 
the hospital revealed pallor of the extremities and face; she was bathed in cold perspiration. 
Her abdomen was hugely distended and tympanitic. Pew, if any, intestinal sounds could be 
heard. The Tate of her pulse was 100 beats each minute; its quality was thin and thready. 
Blood pressure in millimeters of mercury was SS systolic and 06 diastolic. Respiration was 
shallow', and her breath had a sour odor. She was comatose, but could be aroused enough 
to open her eyes. The pupils were small and reacted slightly to light. The Achilles tendon 
reflexes were absent. The neck was not rigid, and Kernig’s sign could not be elieited. 

Immediate supportive measures to combat shock were instituted. Solution of acacia and 
glucose were administered intravenously. Studies of the blood revealed that erythrocytes 
numbered 4,500,000 and leucocytes 7,100 in each cubic millimeter; the concentration of 
hemoglobin was 68 per cent (Dare) ; the concentration of urea was 36 mg. and of sugar 0.09 
gm. iu each 100 c.c. of blood. Agglutination tests for typhoid fever, paratyphoid fever, and 
undulanfc fever gave negative results. The state of shock persisted; the pulse rate rose to 
130 beats each minute, and the blood pressure decreased. Death occurred a little more than 
twenty-four hours after admission. 

Careful questioning of the patient’s immediate family revealed only threo features re- 
garding possible contacts or exposures: (1) In the year previous to her final illness, the 
patient had made several visits to a neighboring farm where a rabbitry was maintained. (-) 
There was rather close association, with a pet cat. (3) The final illness appeared at the time 
of extensive floor varnishing in the patient’s home. The fumes from the varnish were said 
to have made the patient very ill, but other members of the family were not thus affected. 
The milk supply was investigated and found to come from the local dairy, which supplied 
most of tho milk to the village. It was said to have been pasteurized. There was no history 
of bites or scratches of animals, or of bites of flies or ticks. There were no endemic diseases 
with which the patient was known to have had contact. 

Macroscopic Findings at Necropsy . — Necropsy was performed two hours after death. 
The body had not been embalmed. Its length was 5 feet, 4 inches (163 cm.), and the estimated 
weight 135 pounds (61 kg.). The abdomen was moderately distended. There was slight 
edema of both lower extremities. 


The left pleural cavity contained 500 c.e. and the right, 350 c.c. of clear, amber-colored 
fluid. The lungs were normal, except for calcified subpleural tubercles which were present m 
the right lung. The lymph nodes of the hilum of the right lung contained caseous, fibrous, 
and calcified tubercles. The pericardial sac contained 75 c.c. of light, greenish-yellow, clear 
fluid. The heart weighed 205 gm. The free edge of the mitral valve was moderately thickened, 
and presented very small, rounded, firmly attached elevations such as characterize rheumatic 
endocarditis. The myocardium appeared to be normal. 


The peritoneal cavity contained 2,000 c.e. of clear, amber-colored fluid. 

Tbe spleen weighed 390 gm. The surface presented multiple rounded, slightly elevated 
nodules, which varied from 1 mm. to 3 cm. in diameter. These nodular areas appeared not to 
differ in color from the intervening depressed areas; both were purplish. The consistency o 
the nodules was much increased over that of the depressed portions. The appearance an 
size of the nodules were similar on the sectioned surface, except that they were commo y 
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surrounded bv a hemorrhagic zone which clearly demarcated them, and their centers were 
usually gravish-white. The central portions suggested zones ot necrosis without softening. 

The liver weighed 2,230 gm. and extended 1.5 cm. below the costal margin. Small, 
grayish-white, slightly elevated nodules were observed on the capsular surface. These alter- 
nated with normal-appearing capsule, or with areas of dark red mottling. ic no u es varu. 
from 1 mm. to 2 or 3 cm. in diameter. The sectioned surface presented a similar appearance 
(Fig. 1). Little normal parenchyma was identifiable. The nodular appearance, so clear y 
revealed on the capsular surface, was less prominent on the sectioned surface, due to con- 
fluence of the grayish-white areas and also to their less discrete peripheral differentiation from 
the surrounding parenchyma or from the hemorrhagic, mottled zones. The gallbladder, bile 
ducts, and hilar vessels were normal. 

The rugae of the stomach were hypertrophic, and the gastric mucosa was moderately 
congested. A stoma resulting from posterior gastroenterostomy was present, and appeared 
to be in good condition. A puckered scar, representative of a healed duodenal ulcer, was 
found on. the posterior wail of the first portion of the duodenum. The jejunal and cecal 
mucosa presented multiple, small, petechial hemorrhages, with a small amount ol free blood 
in the lumen of the bowel. The remainder of the gastrointestinal tract appeared normal. 



Fig. 1. — Gross appearance ot the liver. 


Surrounding the head of the pancreas, lesser curvature of the stomach, hepatic hilum, 
and aorta, retroperitoneaUy from the diaphragm to the bifurcation, the lymph nodes were 
moderately to markedly enlarged. They were firm, and grayish-white to light pink, with a 
glistening appearance when sectioned. Lymph nodes in other anatomic situations appeared to 
be normal. The pancreas, suprarenal glands, kidneys, pelvic viscera, thyroid gland, thymus, 
great vessels, and brain appeared normal. 

d/icroscopic Findings at Necropsy, — Sections were prepared from tissue which had been 
wd in Orth’s fluid and embedded in paraffin. AU were stained by hematoxylin and eosin, 
r °m which the detailed descriptions of the microscopic changes were made. Selected tissues 
V.ere stained for microorganisms by Giemsa’s method, by Gram’s method (Brown’s 
>o .cation), by- Loeffler’s methylene blue, by carboifnchsin and methylene-blue acid-fast 
’ b - v Sllver impregnations (de Galantha method) for the demonstration of spirochetes. 
(Fie ^ most striking f ea t ure 0 £ the hepatic lesion was extreme necrosis of the parenchyma 
substance tI apparentl r involred from to two-thirds of the entire hepatic 

Parenchyma to Vari0US tegi ° ns ’ from com P lete destruction of hepatic 

ion oS IT T 0t r Up3 ° f CelU surroundin g the portal spaces, or to the preserva- 

preserved hepatic tissue, and in the necrotic zones usually no 
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trace of hepatic cells existed, they apparently having rapidly undergone autolysis, leaving 
dust-like chromatin particles in the necrotic regions. Intact hepatic units were never found 
in the central lobular zones to the exclusion of other parts of the lobule. The portions of the 
liver which were sharply demarcated from the necrotic Helds revealed no retrogressive changes. 
The hepatic reticulum was not involved by the necrosis; the sinusoidal structures were still 
intact and engorged with blood. Hemorrhage, sometimes present in the necrotic portions, was 
caused not only by intense sinusoidal congestion but also by breaking down of some sinusoidal 
membranes or by engorgement of the central lobular vascular bed. Occasional proliferation 
of reticuloendothelium was observed. Aggregations of cells were identified, sometimes about 
the portal spaces or as isolated groups of cells near the periphery of the necrotic zones (Fig. 
2B). In these cellular collections lymphocytes predominated, but large mononuclear leucocytes 
and endothelial cells were also found (Fig. 3A). Some of the endothelial cells and mono- 
nuclear leucocytes were giant forms, with either a single, large, clear nucleus, or with several 
small hyperehromatie nuclei. They had frequently phagocytosed lymphocytes or erythrocytes. 
Only occasionally were collections of lymphocytes found in the areas of necrosis. The walls 


A. 


B. 


Pig. 2. — A, Extreme necrosis ot hepatic parenchyma. Hematoxylin and eosin (Xt?)! 
Collections of cells in portal connective tissue and at the periphery of necrotic zone. Hema- 
toxylin and eosin (XI0O). 



of the portal veins, and to some extent of the hepatic arteries, often contained cells similar 
to those described in the focal collections. In these vessels, too, proliferation of endothelial 
cells was often a prominent feature. Recently formed thrombi were observed in some of the 
medium-sized portal veins. The bile ducts were not involved. 

The splenic sinuses were dilated and intensely engorged with blood. Malpighian follicles 
were decreased in number, and in those which had survived the lymphocytes were fewer, as 
were the lymphocytes of the splenic pulp. The second feature of note in the microscopic 
preparations was necrosis. This appeared as distinctly circumscribed zones, varying in size 
and shape, of granular, eosin staining material, which were either completely devoid of cellular 
structure, or zones in which only the faded outlines of cells were visible. Chromatin material 
often appeared in the central portion as dust-like particles. Sinuses at the periphery of the 
necrotic zones were congested. The third feature of note was the collection of cells whw i 
surrounded the necrotic fields (Fig. 3 B), or appeared as small foci in the surrounding regions. 
Lymphocytes, mononuclear leucocytes, endothelial cells, and sometimes proliferated retici mil 
composed these collections. As in the liver, some of the mononuclear leucocytes and endothe 
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cell types were multinueleatod. Lymphocytes usually predominated (Fig. L-I). In many 
endothelial cells ami mononuclear leucocytes were phagocytosed erythrocytes, lymphocytes, and 
cellular detritus. Endothelial cells were commonly increased in numher, in the \cins, arteries, 
arterioles, and sinuses. These were so numerous in some instances that the lumens ot’ \esscls 
or sinusoids were occluded. When this condition prevailed in the arteries and veins, the 
vascular walls were edematous, and frequently lymphocytes and large mononuclear leucocytes 



4' Lymphocytes, mononuclear leucocytes, and endothelial cells composing the 
rauml1L.~i^? ns of the , / ver - Hematoxylin and eosin (X-iOO) B, Cellular collection sur- 
anrl <.„,44 ec .’- 0 . tlc ? one o£ spleen The cells are chiefly lymphocytes, but mononuclear leucocytes 
« endothelial cells are also present. Hematoxylin and eosin (X220). 
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had invaded the walls. Perivascular collections of these cellular types were also present around 
vessels so affected. Recently formed thrombi were present in some of tho veins. 

The distinctive characteristics of the lesions in the gastric, hepatic, pancreatic, and 
retroperitoneal aortic lymph nodes, as in the liver and the spleen, were proliferative granuloma- 
tous reactions with extensive necrosis. The medullary portions of the nodes were most severely 
involved, where almost complete exhaustion and disorganization, of the lymphoid elements 



Fis- 6. — Cellular collections in the capsule of a lymph node. Hematoxylin and eosin (XSSI- 

existed (Pig. 4 B). In the cortical portion the changes were less intense, but nevertheless 
severe, and in this portion, but few intact lymph follicles could he found. The sinusoids and 
reticulum were everywhere prominently displayed, due to the loss of lymphoid elements. The 
sinusoids were often seen as dilated spaces devoid of cells, but some contained a few cel s, 
whereas others were engorged with cells, among which were lymphocytes, mononuclear leuco- 
cytes, erythrocytes, and large endothelial cells. The last named cells predominated (Pig- ■>- )■ 
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Thev were distinguished usually by acidophilic cytoplasm and vehicular nuclei ' ‘‘ h ^ £c " 
multinucleated forms. In some, plu.goeytosed erythrocyte, lymphocytes, and cellular detritus 
were identified. Proliferated reticular cells were sometimes also revealed m the same zones. 
Within the medullary portions the sinuses were usually devoid of i ells, or lout.une u c 
cells, whereas in the cortical portions engorgement was not infrequently observe . oca 
collections of lymphocytes, large mononuclear lourocjtes, ami uulotlulia ci s ' v * crc 
present throughout the nodes (Fig. SB). These collections were likely to be toun in ai y 
portion of the node but wore usually at the periphery of the neerotie fields. Common y, low 
ever, they were observed in the cortex, where they formed a peripheral, encircling zone mm 
which they also extended into the capsule and surrounding tissue (hig. b). Within the lie s 
of necrosis few such collections existed. Many lymph and blood vessels of the capsule con- 
tained excessive numbers of lymphocytes, mononuclear leucocytes, and endothelial cells, in 
addition to erythrocytes. Thrombi were sometimes present in the blood vessels. Perivascular 
zones of the capsule were particularly prone to reveal large increases of lymphoid cells and 
large mononuelear leucocytes sometimes with extravasated erythrocytes. In some of the 
capsules of lymph nodes, these reactions were diffuse, although rarely were they dense. 

Sections of the lungs were essentially normal, but lymph nodes obtained from the 
hilum of the right lung disclosed tuberculous involvement. These lesions were (luiescent and 
essentially healed. 


The mitral valve was involved by a chronic, proliferative inflammatory reaction, with 
formation of small, liyaline-like vegetations along the line of closure. 

The preparations of tissue, stained for bacteria, did not disclose convincing evidence of 
causation. As is well known, such preparations are sometimes difficult to interpret, and 
may lead to erroneous conclusions. In the stained preparations from the mitral valve and 
lymph nodes, small, gram-positive and gram-negative diplococci were seen. In the spleen and 
liver an occasional gram-positive coccoid form was revealed, but they were so few that their 
significance could not be emphasized. Search for other types of microorganisms by the various 
staining methods listed was fruitless. 

Cultures in brain broth and blood agar were prepared from the blood and splenic pulp, 
growth appeared. The brain broth was allowed to incubate at 37.5° C. for three weeks. 
Serum taken from the blood failed to agglutinate antigens prepared from Bacterium tuTarenxe 
or Bacterium abortus. 


COAOIENT 

This case presents several features in common with that reported in 1921 
by Loygue and Clarion. Their patient, a soldier aged twenty years, died 
after an illness lasting three months, the clinical course of which was quite 
similar, in many respects, to that detailed for our patient. At necropsy they 
found the liver and spleen to be diffusely enlarged. Two large masses of 
lymph nodes were found, one in the gastrohepatic omentum, the other along 
the abdominal aorta. In addition, masses of discrete lymph nodes were found 
in the left axillary and cervical regions. After careful study the authors 
decided that tuberculosis and malignancy were definitely ruled out. Hodgkin’s 
disease was thought to he inadmissible because of the rapid febrile course 
and tlie absence of the typical microscopic picture. They concluded that their 
patient died of an infectious granulomatous process of unknown etiology, but 
it seems likely, from their description of the microscopic findings, that they 
were actually dealing with a case of atypical Hodgkin’s disease. 

A somewhat similar case was reported by Spangenberg in 1929. The liver 
anc spleen were enlarged and huge masses of discrete lymph nodes were 
oun along the abdominal aorta and extending from the hilum of the spleen 
o the liver. Syphilis, malignancy, and tuberculosis were definitely ruled out. 
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Hodgkin’s disease could not positively be diagnosed because of the absence 
of typical Sternberg cells. Diffuse lymphoid hyperplasia was the term finally 
selected to describe the lesion. , 

In our case all available clinical and pathologic data were applied to the 
problem of differential diagnosis. Certain infectious diseases, such as tula- 
remia and undulant fever had to be considered. Tularemia seemed to be ex- 
cluded by the negative agglutination tests obtained from the blood, postmortem. 
Furthermore, there was no history of contact with wild rabbits, and although 
the patient had visited a local rabbitry on several occasions, no case of 
tularemia from contact with domesticated rabbits has thus far been recorded. 
One case in Francis’ experience resulted from the scratch of a cat, but such 
an occurrence was not recorded in the history of our case. Undulant fever 
seemed to be ruled out by virtue of negative agglutination tests made while the 
patient was alive and negative cultures made from the blood and spleen, post- 
mortem. Typhoid fever and paratyphoid fever were eliminated from con- 
sideration because of the repeatedly negative agglutination tests and blood 
cultures and the absence of lesions in the intestines and mesenteric lymph 
nodes. Tuberculosis, actinomycosis, glanders, leprosy, and blastomycosis were 
excluded not only because of the gross aud histologic characteristics of the 
lesions, but also because of our failure to demonstrate the specific microbes 
of these diseases. Rickettsia diseases such as typhus and Rocky Mountain 
spotted fever, so far as is known, do not occur in Minnesota and were ex- 
cluded from consideration because of lack of clinical and postmortem evi- 
dence of cutaneous involvement. Furthermore, the severe changes in the 
spleen, liver, aud lymph nodes, as revealed in our case, are not recorded for 
these diseases. Syphilis was considered but was excluded on the basis of ab- 
sence of significant history and vascular changes and negative stains for 
spirochetes. The various types of leueemia were ruled out because of the 
absence of anemia, usually an accompaniment of acute leueemia, absence of 
leueocytosis, and, more especially, because the lesions in no way resembled the 
visceral lesions of leueemia. 

A finding of questionable significance was the presence of microorganisms 
interpreted as diplococci in the tissues of the lymph nodes and mitral valves. 
The negative cultures from the blood of the heart and spleen, taken post- 
mortem, discount the significance of such a finding. Absence of the inflamma- 
tory reactions usually considered as characteristic of conditions caused by 
such organisms was further evidence serving to negate the importance of this 
finding. 

There was little evidence to support the theory that the lesions might be 
due to a toxic substance in the fumes of floor varnish. 

A conclusion that the tissue reactions were an unusual manifestation of 
Hodgkin’s disease or lymphosarcoma rather than one of the other diseases 
named or of an unknown type of infectious granuloma was finally reached as 
much by a process of elimination as by positive evidence. Hodgkin’s disease 
seemed to fit into the picture better than lymphosarcoma because the pathologic 
process was distinctly visceral and was confined to the liver, spleen, and ab- 
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domiual lymph nodes. It was distinctly reticuloendothelial in its distribution 
and it lacked the anaplastic features one would expect in lymphosarcoma. Pile 
features which supported a diagnosis of Hodgkin’s disease were: (1) prolifera- 
tion of reticuloendothelial cells in and about the lesions; (2) proliferation and 
aggregation of lymphocytes and mononuclear leucocytes, and (.5) the occur- 
rence of giaut cell types of endothelial cells and mononuclear leucocytes which 
resembled the Sternberg (Dorothy Heed) cells of llodgkiu s disease, ihe ex- 
treme necrosis, thrombosis, and perivascular collections of cells are not usually 
seen in Hodgkin’s disease, but they do not render such a diagnosis untenable. 
The clinical history, although atypical, conforms in some ways wdth that seen 
in cases of visceral Hodgkin’s disease. Fever is not an uncommon finding in 
some cases of Hodgkin’s disease. The rather rapid course of the disease is 
unusual but in this instance may be accounted for by the extreme involve- 
ment of the liver. 

In conclusion it seems best to classify our case as one of atypical Hodg- 
kin’s disease. It is apparent that our case presents many features in common 
with the case reported by Spangenberg and particularly with the one described 
by Loygue and Clarion. It w’ould be impossible, how'ever, to state that these 
three eases are clinically, etiologicallv and pathologically identical. 
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the partition of potassium between the serum and 

CORPUSCLES IN HEALTH AND DISEASE* 

William S. Hoffman, Ph.D., M.D., and H. R. D. Jacobs, M.D., Chicago, III. 


POTASSIUM IN CORPUSCLES AND SERUM 

TE 1022, Kramer and Tisdall’ found that the potassium concentration in human 
serum was 18 to 22 mg. per 100 e.e., while that of human red cells was 
about 428 mg. per 100 e.e. They showed that, except for a small amount of 
magnesium, potassium was the only cation in the red cells, and intimated that 
1 “danced osmotically the cations of the plasma. Their values for normal 
serum have been corroborated many times, but their values for red cells have 
received little attention. 


•From the Department of Medicine. Rush Medic: 
isceived for publication. May 20, 1933. 
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The reason for the maintenance of such constant values for both red cells 
and serum is not apparent. But this peculiar partition suggests a physio- 
logic balance which might be disturbed, in disease. It was with this possibility 
in mind that a brief survey of the potassium concentration of red cells and 
serum in disease was undertaken. In order to facilitate this stud}-, a new 
method for the determination of potassium in whole blood was devised. 


METHODS 


The concentration of potassium in serum was estimated by the method of Jacobs and 
Hoffman.- Serum total base was determined in a phospliate-free, protein-free filtrate obtained 
from serum by the method of Hoffman. 2 In this method, coagulation by heat of the proteins 
of the diluted serum is effected at the iso-elcctric point, with the simultaneous precipitation 
of phosphates by the addition of ferrie chloride and ammonium acetate. The results obtained 
are about 1 per cent too high because of slight evaporation of the hot liquid and because of 
the slight change in volume when the proteins are precipitated. The average value for normal 
serum total base, after correcting by subtracting 1 per cent, was 153.3 m.eq. per liter, and 
the extreme variations were 152.7 and 15S.(i m.eq. per liter. 

Serum chloride was determined according to Van Slykty 1 and calcium according to 
Tweedy and Koch. 2 All other routine chemical data were taken from hospital charts. 
Hematocrit readings were made with Van Allen capillary pipettes,® using 1.3 per cent sodium 
oxalate as an anticoagulant and diluting fluid. 

For the whole blood potassium, a new method was devised in which the time-consuming 
and hazardous operation of ashing was eliminated. This was accomplished by the preparation 
of a suitable protein-free filtrate from whole blood by a modification of the basic ferric acetate 
method of deproteinization in Hoffman's 3 technic for the determination of the total base of 
serum. 


Procedure for Whole Blood Potassium ... — In a 50 e.c. volumetric flask, 2 c.c. of freshly 
drawn whole blood were laked in about 40 c.c. of water. To this mixture were added 1 c.c. of 
ferrie chloride reagent (A),* 1 c.e. of sodium acetate reagent (II),* and one drop of iso- 
amyl alcohol. Tlio mixture was diluted with water to the mark and thoroughly shaken. 
About 20 c.c. were transferred to a large Pyrex tost tube and heated rapidly to boiling. At 
the boiling point, the mixture separated into dense brownish red curds and a water-clear 
solution. It was filtered immediately through a double No. 40 Whatman filter paper. Filtra- 
tion was very rapid. The water-clear filtrate contained no protein, no lipoids, no phosphate 
and no iron. It contained nothing that would interfere with the direct precipitation and 
determination of potassium. Its P^ was about 5.5. 

Since the red cells contain most of the potassium, the concentration of potassium in 
whole blood varies with the red cell volume or is inversely proportional to the degree of 
anemia. For normal or nearly normal persons, 2 c.e. of filtrate contain a quautitj- of potassium 
adequate for accurate determination. If, however, there is marked anemia, that is, if the 
hematocrit is below 30 per cent, 4 c.c. of filtrate are required. The determination was carried 
out from this point on by tlie method employed for seruin.t 


•A. Ferric Chloride Reagent: Dilute 100 c.c. of 10 per cent FeCIa -6H:0 in 0.- N HC 
one liter with water. f 

B. Sodium Acetate Reagent: Dilute 100 c.c. of 15 per cent NaC-HjO: -3H:0 ami -0 - 
1.4 N NaOH to one liter with water. 

ISince the publication of our colorimetric method for the estimation of P ot .??jj l ur IJi 0 od' 
have had occasion to make more than a thousand Potassium determinations on unoie u _■ 
serum, and inorganic solutions. IVe have found the method consistently reliable. _ ■‘•m- <- 
as described will accurately determine potassium in concentrations varying from iu io w 
per 100 c.c.. and can be easily adjusted for higher concentrations. The limitations oi 
method are those of the Kramer -Tisdall technic for the precipitation of have 

Ifave been thoroughly discussed by Peters and Van SlylteJ In particular the “ttow Mte 
found that when potassium in concentrations of the order of 40 ms- Pf 1 ?® '? from 

in the absence of sodium (winch condition occurs at times m samples of ashed mine 
nenhrotic patients) . high results are obtained. Along with Hubbard.” the authors bate : recog 
nfzedthattliis error can be avoided by the addition of extra sodium, especia.ll> as sodium - 
tate The filtrate from whole blood, it will be noticed, contains sodium acetate, and this mo 
may be partly responsible for the consistent results obtained. 
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From the values for potassium in serum and in whole blood and from the red cell volume, 
the potassium content of red cells can be computed by the tollonmg 


Whole Blood K 


100 - Vol. per cent of cells ^ gerum K 

a- “ 100 


Volume per cent of cells 


x 100 = 


P.t™„ per 100 c.0. „f Kd A Po. csuupfc: K, , 20.* »«■ 1« » "™' 

Blood K, 201.1 mg. per 100 c.c. ; Cell volume, ll.o per cent , then, 


100 - 14.5 
100 

11.5 


x 100 127.7 mg. Iv per 100 e.c. of red cells. 


The sequence used in taking samples was the following: Venous blood was drawn with- 
out stasis into a freshly cleaned and baked syringe. The blood was transferred into freshly 
cleaned and baked centrifuge tubes. Two cubic centimeters of blood were quickie trans erre 
by means of a Folin-Ostwald pipette to the 50 e.c. volumetric flask containing about 10 c.c. 
of water. Then two Van Allen hematocrit tubes were prepared by first drawing up bloo 
to the 100 mark, then by diluting it with 1.3 per cent sodium oxalate and finally by enclosing 
the tube in a tight-fitting, wide rubber band. All these operations had to be completed before 
clotting had set in. The Van Allen tubes were centrifugated for twenty minutes at 3,000 
r.pmi. before reading. The blood in the centrifuge tubes was allowed to stand for fifteen 
minutes at 37° C. and then centrifugated. The serum separated was again centrifugated to 
remove all red cells. INo serum was used which had any recognizable trace of hemoljsis. All 
determinations were made in duplicate and were discarded if they did not check. 


RESULTS 

Table I presents data showing the adequacy of the new method for the 
determination of whole blood potassium. The results were less than 0.5 per 
cent higher than those obtained by the use of ashed whole blood. Added potas- 
sium was accurately recovered. 


Table I 


Determination of Potassium in Whole Blood With Added Potassium 


K 

FOUND IN 
ASIIED 'WHOLE. 

BLOOD 

K. 

FOUND IN 
WHOLE BLOOD 

THIS METHOD 

K 

ADDED 

K 

TOTAL 

K 

FOUND THIS 
METHOD 


mg. 

mg. 

mg. 

mg. 

mg. 


per 100 c.c. 

per 100 e.c. 

per 100 c.c. 

per 100 e.c. 

per 100 c.c. 

i 

192.6 

192.6 

18.0 

210.6 

211.6 




45.0 

237.6 

237.5 

ii 

216.5 

217.8 

18.0 

235.8 

231.9 

hi 



45.0 

262.8 

260.7 

189.0 

189.2 

18.0 

207.2 

207.5 

IV 



15.0 

231.2 

231.3 

177.3 

178.1 

1S.0 

196.1 

195.2 




15.0 

223.1 

222.7 

V 

187.3 

1S9.2 

27.0 

216.2 

209.6 




36.0 

225.2 

229.8 

VI 

19S.0 

19S.5 

15.0 

213.5 

211.1 

VII 

192.6 

192.5 

36.0 

228.5 

228.1 

\ III 

17S.0 

17S.1 

15.0 

223.1 

223.6 

IX 

185.G 

1S6.1 




X 

190.9 

191.6 




-XI 

XII 

191.3 

213.0 

191.5 

213.5 

— 

— 

— 
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The distribution of potassium between serum and corpuscles was first 
studied in thirty normal persons. There were 17 men and 13 women, ranging 
in years from nineteen to thirty-nine. The determinations on women were 
made when they were not menstruating. The results are presented in Table II. 
The serum potassium averaged 19.3 mg. per 100 e.c. and the red cell potassium 
422.7 mg. per 100 e.c. The individual values for the serum fell around the 
average within very narrow limits and corresponded with those obtained by 
other authors. The results for red cells fluctuated somewhat, but the standard 
deviation was only 3.3 per cent. There were two low values with deviations of 
7 per cent and one high one with a deviation of 9.5 per cent. The values when 
charted for frequency (Fig. 1) do not closely approximate the theoretical prob- 
ability curve, but such an approximation is hardly to be expected, since only 


Pgg tOQ cc — - v* -'0 V* *-n 4^ l— A-S 


H31AL PSSK5 8 < 

, . 8 

o 

nimiANaiH' o 

05EAS5 2^ R 

n 

i^Lc8oo8 

PNMNIA g 

. 1 - o 

s • o oo 

NDD1AL 

PUEENANCY ^ ^ 

oooo«o 

thycdio 

DSWEANffiS 

j no no 

o oR n 

NEPHS056 < 

- J . cS K 

_o _o 

Kim nc 

ffisirt oeoa c 

< • • « am mn • ( 

3 no 2 o.._ 

B RENEWAL 

A5mnA _^ L 

_88_0 


1 . — Composite frequency chart of red cell potassium concentrations in normal an 
diseased persons. Solid circles indicate red cell values associated with serum total base ot 10 
m.eq. per litter or less. 

thirty determinations were made and since the sources of error are not only 
the individual physiologic variations, but also the technical errors of both the 
potassium determination and the hematocrit estimation. Nevertheless, the re- 
sults obtained for cell potassium concentration agree closely with those obtained 
by Ivramer and Tisdall who used a different technic. 

Table III presents 27 cases of various diseases. The results obtained both 
for serum and red cells showed no wider deviations from the normal mean 
than those on normal individuals. In the cases of anemia, in spite of marked 
variations in whole blood potassium, cell potassium was practically always witlun 
normal limits. 

Of the six cases of pneumonia reported in Table IV, two had high cell 
potassium concentration, which, in one ease at least, was associated with a high 
total base concentration in the serum. 
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Table II 


Partition or Potassium Betm een 


CASE 

SEX 

AND 

AGE 

SEKU.'C 

K 

5 

M 2S 

mg. 

per 100 c.c. 
18.6 

12 

it 32 

1S.8 

1 

it 35 

19.3 

20 

M 26 

1S.2 

13 

F 19 

20.9 

11 

it 29 

19.0 

o 

F 19 

20.6 

D 

«J 

F 21 

1S.2 

112 

it 22 

19.2 

103 

it 35 

19.3 

4 

F 25 

20.6 

109 

it 26 

19.3 

7 

F 35 

1S.4 

108 

it 33 

19.0 

104 

it 39 

18.6 

110 

F 23 

18.6 

105 

it 24 

20.0 

15 

it 32 

20.4 

107 

F 28 

19.5 

16 

it 30 

20.3 

14 

it 31 

17.9 

8 

F 26 

19.0 

106 

it 24 

20.2 

18 

F 19 

19.8 

6 

F 28 

19.2 

17 

it 27 

20.4 

111 

il 35 

20.4 

9 

F 25 

19.3 

19 

F 21 

17.7 

10 

F 31 

18.0 


Sebum and Bed Cells in 


Normal 


whole 

BLOOD 


BED 

CELL 


mg- 

per 100 c.c. 
1S9 A 

172.4 

217.5 

155.1 

177.4 

174.5 

175.1 
ISO .2 

193.5 

105.5 

155.4 

102.5 
1S1A 

19S.2 

175.0 

155.5 

191.8 

201.0 

193.4 

201.4 

169.6 

191.6 

195.5 

177.5 

193.4 

192.2 

213.5 

171.0 

195.8 

175.9 


wg. 

per 100 c.c. 

393.4 

393.4 

401.0 

401.4 

402.7 

403.9 

404. 5 

406.8 

412.4 

413.0 

415.5 

417.5 

420.2 

421.7 

423.2 

425.2 

425.3 

427.7 

428.6 

431.8 

433.6 

434.9 

436.7 

435.2 

435.9 

439.5 

440.2 

440.7 

446.7 

462.5 


Average 19.3 

Stand. Deviation, % 0-73 


422.7 


Persons 


HEMATOCRIT 


nor cent 

R.B.C. 

45.5 

41.0 

52.0 

43.5 

41.0 

43.0 

41.0 

44.0 

44.4 

45.5 

42.5 

43.5 

40.5 

44.5 

39.5 
41.8 

42.4 

44.5 

43.0 

44.0 

36.5 

41.5 
42.8 

38.0 

41.5 
41.f 

46.0 

36.0 

41.5 

35.5 


Fourteen determinations on pregnant women are show n in Table ^ 
too, the average values agreed closely with those foi noimal persons. e 
variations of the red cell potassium values, however, were greater than those 
in the normal group, four lying at or near the lower limits of normal. The 
average red cell potassium was found to be slightly lower than normal, but the 
deviations were small as compared with those reported by Kossenbeek , 9 who 
found in normal pregnancy low serum potassium, low sodium, and high chlo- 
ride. Spiegler , 10 on the other hand, has reported high serum potassium values 
in normal pregnancy. 

The nine eases of thyroid disturbance given in Table VI are too feu to 
prove any definite tendencies. The results obtained show ed no ev idence of 
altered serum potassium concentration such as has been reported in thyroid 
disturbances . 11 

Table VII presents the results on patients with clinical nephrosis. Three 
showed no signs of kidney inefficiency, while one apparently was in the nephrotic 
stage of chronic glomerulonephritis. In those whose edema had subsided both 
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Table III 

The Partition of Potassium in a Heterogeneous Group of Diseases 


sex serum whole red 

CASE AND PATHOLOGY ' BLOOD CELL HEMATOCRIT 

AGE K K 


6S 

AI 

45 

Peptic ulcer, untreated 

60 

AI 

40 

Carcinoma of bladder 

70 

AI 

50 

Carcinoma of prostate 

71 

II 

55 

Carcinoma of stomach 

72 

M 

40 

Peptic ulcer 

73 

AI 

25 

Syphilis, treated 

74 

F 

43 

Myocardial degeneration 

75 

AI 

56 

Healed Pott 's disease 

76 

AI 

58 

Prostatic hypertrophy 

77 

AI 

26 

Old gonorrheal urethritis 

78 

AI 

4S 

Chronic iridocyclitis 

79 

M 

39 

Urethral stricture 

80 

AI 

60 

Alild diabetes mellitus 

81 

F 

44 

Persistent vomiting 

S2 

M 

63 

Alcoholic pellagra 

83 

AT 

18 

Toxic jaundice 

84 

M 

34 

Peptic ulcer 

85 

F 

31 

Nervous vomiting 

86 

M 

57 

Cirrhosis of the liver 

87 

F 

22 

Diarrhea 

88 

AI 

55 

Alyocardial degeneration \v 
hvdrothorax 

89 

AI 

25 

Quiescent urticaria 

102 

F 

25 

Anxiety neurosis 

58 

AI 

58 

Pernicious anemia 

59 

AX 

62 

Pernicious anemia 

60 

AX 

57 

Pernicious anemia 

61 

AX 

60 

Secondary anemia 


Average 


mg. 

mg. 

mg. 

per cent 

per 

per 

per 

B.B.C. 

100 c.c. 

100 c.c. 

100 c.c. 


18.4 

188.3 

404.6 

44.0 

19.2 

1S4.3 

44S.0 

3S.5 

18.2 

165.7 

411.5 

37.5 

16.9 

175.2 

393.S 

42.0 

21.4 

213.8 

460.9 

44.0 

19.9 

176.7 

460.S 

36.0 

21.4 

199.8 

426.8 

44.0 

19.4 

167.0 

441.0 

35.0 

18.6 

164.4 

423.6 

36.0 

19.2 

190.0 

421.1 

42.5 

21.1 

197.0 

403.5 

46.0 

17.7 

178.1 

400.0 

42.0 

20.7 

203.6 

455.9 

42.0 

17.6 

142.5 

396.0 

33.0 

20.5 

14S.3 

453.6 

29.5 

19.0 

1S2.8 

410.4 

42.0 

17.6 

192.6 

432.2 

42.2 

21.1 

171.0 

393.S 

40.2 

21.7 

150.5 

448.3 

30.2 

22.4 

178.1 

432.3 

3S.0 

17.4 

198.6 

462.6 

40.7 

19.9 

196.1 

422.1 

43.S 

19.3 

185.8 

433.6 

40.2 

17.6 

154.8 

460.2 

31.0 

20.6 

155.5 

462.7 

30.5 

19.9 

S5.9 

401.6 

17.3 

19.1 

100.3 

435.8 

19.5 

19.6 


430.7 



Table IV 

The Partition of Potassium in Pneumonia 
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CASE 

o 

< 


o 

o 

J 

o 

W 

s 

•J ft 

W 

o 

o 

H 

C 

serum; 

TOTAL BA 

H 

ft 

2 § 

CO 

& 

< 

X 

a 

m 

AGE 

CH 

< 

« 

S 9 
£ 3 

ft J 
w w 

Zt O 

a 

3 S 
x c 

< 





mg. 

per 

100 

mg. 

per 

100 

mg. 

per 

100 

per 

cent 

B.B.C. 

m.eq. 

per 

liter 

m.eq. 

per 

liter 






C.C. 

C.C. 

C.C. 




Fifth day 

62 

AT 

40 

Pneumonia 

21.9 

222.6 

494.3 

42.5 



65 

AI 

40 

Pneumonia 

27.1 

227.6 

487.6 

43.5 

160 

109 

Seventh day; 









lysis 

63 

AI 

44 

Pneumonia 

19.5 

163.2 

454.9 

33.0 



Eleventh day; 









no crisis 

64 

AI 

39 

Pneumonia 

19.8 

185.1 

423.4 

41.0 



Fifth day 

66 

AI 

29 

Pneumonia 

30.3 

181.1 

445.7 

36.3 

147 


Eighteenth 
day; no crisis 

67 

AI 

50 

Bronchopneumonia 

18.3 

171.0 

414.9 

38.5 

. 


Ninth day 
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CASE 


44 

45 

46 

47 

48 
40 

50 

51 

52 

53 

54 

55 

56 

57 


Table V 


The Partition of Potassium in Normal Pregnancy 


AGE 


MONTH OF 
PREGNANCY 


SERUM 

K 


WHOLE 

blood 


RED 

CELL 

K 


HEMATO- 

CRIT 


SERUM 

TOTAL 

BASE 


30 

Second 

18 

Fifth 

20 

Fifth 

22 

Fifth 

23 

Seventh 

30 

Seventh 

20 

Seventh 

26 

Eighth 

29 

Ninth 

35 

Ninth 

32 

Ninth 

35 

Ninth 

37 

Ninth 

26 

Fourth 


mg. 

per 

100 c.c. 

15.6 

19.2 

17.6 

15.2 

13.6 
19.5 
17.9 
16.1 
18.8 
19.2 

17.0 
1S.4 
15.7 

20.1 


mg. 

mg. 

per 

per 

100 c.e. 

100 c.e. 

159.5 

392.3 

175.0 

453.2 

160.7 

41S.5 

150.0 

432.7 

143.0 

390.5 

147.4 

407.0 

143.7 

379.3 

137.9 

394.4 

175.2 

454.5 

175.9 

439.4 

163.3 

440.8 

167.0 

414.7 

144.9 

419.5 

172.4 

446.7 


per 

in.eq. 

cent 

per 

R.B.C. 

liter 

37.7 


35.5 


35.7 

152 

31.8 

154 

34.8 

152 

33.0 


36.2 

153 

32.2 

157 

35.2 

150 

37.3 


35.7 


37.5 


32.0 


35.7 



Average 13.2 


420.6 


SERUM 

CHLORIDE 


nt.eq. 

per 

liter 


107 

110 

106 


Table VI 
fPTTT* DiD-nTinV DP Potassium in 


g Thyroid Disturbances 



37 

38 

39 

99 

40 

41 

42 

43 

100 


M 33 Mild hypothyroid 
F 33 Postoperative myxedema 
F 45 Myxedema, treated 
F 36 Hypothyroidism 
F 45 Postoperative hyperthyroid 
M 25 Simple goiter 
M 59 Hyperthyroidism 
M 40 Hyperthyroidism 
F 35 Hyperthyroidism 


mg. 

per 

100 c.c. 

mg. 

per 

100 c.c. 

mg. 

per 

100 c.c. 

per 

cent 

E.B.C. 

19.3 

197.9 

389.5 

48.5 

16.7 

165.1 

428.8 

36.0 

19.4 

148.7 

449.8 

30.5 

20.4 

167.0 

444.1 

34.6 

19.6 

169.6 

404.2 

39.0 

17.8 

25.1 

179.6 

179.6 

407.5 

472.8 

41.2 

34.5 

1S.6 

193.4 

394.4 

46.5 

20.7 

174.5 

447.9 

36.0 


-20 

-24 

0 

—22 
4-39 
4-10 
-K> 8 
4-14 
4-32 


serum and red cell potassium were essentially normal. Serum total base and 
chloride values were at the upper limit of normal. One patient, however, 
with intractable edema (Case 90) had low red cell potassium at the time the 
total base and chloride of the serum tv ere low. Potassium chloride ingestion 
produced a simultaneous rise in both cell potassium and serum total base, 
associated with a slight diuresis. Later, after ammonium chloride ingestion had 
produced an acidosis, the low total base and low red cell potassium were unaf- 
fected by the administration of potassium citrate. The retained potassium pro- 
duced only a rise in serum potassium. The significance of these results in 
relation to edema are further discussed in a paper by Hoffman and Post. 1 " 

Table VIII contains fifteen determinations in cases of azotemic Bright’s 
disease. Six were probably cases of chronic glomerulonephritis, while the rest 
were for the most part cases of nephrosclerosis with or without other eompli- 
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TABLE vn 

Tu E Partition- op Potassium ,n- Xepiikosu, 




— 


“ 


r— “ 

S O 

5 

I g 

5 5 





mg. 

mg. 

mg. 



— 





per 

per 

per 

per 

m.erj. 

m.eq. 





100 

100 

100 

cent 

per 

per 

90 

AX 

30 

Nephrosis 

e.c. 

18.2 

e.c. 

115.1 

e.c. 

3SS.4 

R.B.C. 

31.5 

liter 

153 

liter 

105 





22.S 

161.9 

401.7 

31.7 

161 

10G 

91 




2.3.0 

131.9 

10G.S 

2S.0 

149 

107 

lit 

2S 

Nephrosis 

22 ° 

195.2 

107.0 

15.0 

157 

10S 

92 

-At 

27 

Nephrosis 

19.3 

173.S 

101.7 

10.4 

15S 

111 

26 

At 

35 

Nephrotic picture 

20.0 

152.G 

•141.0 

31.5 

159 

113 ; 


weeks 

HI^Cl & po 
for 2 wk. 


X.P.N. 59 


eluded The Jc of “ T aSS ° cialc<1 "■ i " 1 Prostatie obstruction are in. 
potassium to4 l ert itt °'" C in uremia usually had low cell 

anemia and 1 U ,e SW "" total b "“- These patients all had profound 

serum „ ss 1 , ° *“** ‘° ***** dchydratiL. The 

highest serum ™™ d directions from normal. The 

» a p til twClr 7, ^7 "m U0 “ ° f (3S ' 4 >’“• 100 «•) was i'onnd 

In this case the L it 8 “ ,, " lassium titrate for several davs. 

cases in ?" “ * - — 

those with glomerulonephritis. They ismWr it Tr 7 

““iSTr ret r ,im - - 

total base was also nsuaUyTigh Howm-er "ae wh ‘l 0 '’ 5 '"’''’ 0 "' ^'T S “ 1 "" 
ber of apparently inconsistent findings so tl ’t i ^ P ,7Tl “ 
rigid generalizations. ' as im P osslb]e to dra "’ aI1 - v 

bronchial tsthmf before 'Zd after “nf 8 f tailied , iu seven cases of allergic 
made, wherever possible at the ^ m3eelion * The studies were 

previous inieetimi« n f ’ . 18 ie attac h and when the influence of 

poS Sum sS s tef '/"“f™"’ had tlisappcared. In all cases the senna 
Sta twenty mi T* ° b ‘ ii *" wr «'»>' normal. They were lowered 

lows injection of ten minims of epinephrine. The 

el, old O , 'T r “ (1AS !>“• “« e.c.) was found a twenty- 

yeai-old girl ten minutes after the first in r , . ,. . .. . 

nf n., uftoni. j? * * * . , nijeetion of epinephrine tor the relief 

,°f “ * “ aA 0f This patient at the tinfe was in a state of 

htgh nen-ous tmtabibty. Unfortunately it was impossible to repeat the dele- 
tion The led ceil potassium concentrations in all cases were within nor- 
mal limits and were not appreciably affected by the injection of epinephrine. 
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Table IX 


The Partition op Potassium in Bronchial Asthma Before and After Epinephrine 


CASE 

SEX 

AND 

AGE 

SERUM 

K 

WHOLE 

BLOOD 

K 

RED 

CELL 

K 

HEMATO- 

CRIT 

SERUM 

CA 

TREATMENT WITH 

10 MINIMS OF 
EPINEPHRINE 




mg. 

mg. 

mg. 

per 

mg. 





per 

per 

per 

cent 

per 





100 c.c. 

100 e.c. 

100 c.c. 

Jt.B.C. 

100 c.c. 


93 

F 

20 

14.S 

181.0 

40S.0 

42.5 


10 minutes after 

94 

F 

35 

23.8 

167.0 

410.S 

37.0 

9.S 


9 o 

M 

37 

23.S 

194.3 

434.7 

41.5 



96 

M 

50 

26.1 

197.0 

401.S 

45.5 






24.1 

194.3 

418.1 

43.2 

9.7 

Before 




19.2 

184.3 

403.1 

43.0 

9.7 

12 minutes after 

97 

F 

35 

21.S 

167.0 

403.9 

3S.0 

9.5 

Before 




19.2 

167.0 

40S.1 

3S.0 

9.5 

15 minutes after 

98 

M 

10 

24.4 

210.6 

445.6 

44.2 


Before 




21.2 

206.5 

43S.C 

44.4 


20 minutes after 

101 

XI 

33 

25.5 

OOO £ 

43G.3 

48.0 



Before 




23.4 

220.4 

430.5 

4S.4 

— 

20 minutes after 


COMMENT 

Including the 30 determinations on normal adults, a total of 112 deter- 
minations of the distribution of potassium between red cells and serum have 
been made. It is obvious that the data are too meager to allow many gen- 
eralizations. Yet certain facts are- apparent. In the first place, the concen- 
tration of potassium in both red cells and serum remains remarkably constant 
in health and disease. In all the conditions studied, with the exception of 
Bright’s disease and asthma, there were no wide variations from the average 
normal values (see Fig. 1). Even in anemia, though the whole blood potas- 
sium might he half of tire normal concentration, the values for both serum and 
red cells were not particularly altered. 

In those cases in which the red cell potassium deviated from the normal, 
certain other factors were present which might individually or collectively he 
responsible for the variations. The low red cell potassium found in most of 
the cases of uremia, especially in chronic glomerulonephritis, was associated 
with at least two other almost constant findings, low serum total base and pro- 
found secondary anemia. That there might be a correlation between serum 
total base and red cell potassium is suggested not only by these findings, but 
by a general, if not consistent, trend of low serum base with low red cell potas- 
sium. In the frequency chart (Fig. 1), the cases associated with total base of 
153 nr. eq. per liter or lower are found to be well on the side of low cell potas- 
sium. The attempted correlation is probably not fair, since the possible rela- 
tionship was not discovered until rather late in the studies, so that total base 
determinations are incomplete. Nevertheless, the limited .findings suggest that 
serum total base parallels the red cell potassium, a relationship which lias a 
theoretical plausibility. 

The degree and type of anemia may also possibly be a factor in determin- 
ing the level of red cell potassium. The technical error in the determination 
of cell potassium increases with the degree of anemia, since the hematocrit 
error is increased and the concentration of potassium in the filtrate is chmiii- 
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ished. However, it was found in general that the secondary anemia of nephritis 
as well as of other diseases gave rather low red cell potassium values, whereas 
two cases of pernicious anemia with high color index had compaiativelj high 
cell potassium. Possibly the concentration of hemoglobin determines the 
amount of potassium in the cells, since in all probability a good proportion of 
potassium is bound to hemoglobin. 

Age may also be an influencing factor upon the red cell potassium levels. 
Twelve miscellaneous cases in which the patients were over fifty-five year’s old 
showed an average red cell potassium of 444 mg. per 100 c.e. as compared with 
422 mg. per 100 e.c. in normal young adults. But the influence of age, as well 
as that of anemia and serum total base, on the red cell potassium level will 
require much further study before their importance can he properly estimated. 

Serum potassium was found to he altered appreciably only in Bright’s 
disease and in asthma. In the former disease, serum potassium was usually 
found to be high whenever there was marked nitrogenous retention. This rise 
took place often in the presence of very low red cell potassium concentrations, 
and suggested that in these cases there were factors preventing a rise in red 
cell potassium. The actual degree of rise in serum potassium in these cases 
was probably determined by the intake of potassium, for very high serum 
potassium values were found in eases that had been given potassium salts. These 
eases may he the ones that are more easily intoxicated by potassium medication. 

In asthma, the high serum potassium and its lowering by epinephrine are 
m keeping with the findings in experimental anaphylaxis by numerous investi- 
gators. 13 - 14 - 15 ’Whether there are any causal connections between the asthmatic 
symptoms and the level of serum potassium cannot he decided here. 


SUMMARY 


1. A new method for the estimation of whole blood potassium is described. 

2. The partition of potassium between red cells and serum has been deter- 
mined in 112 individuals. 

3. In general, the levels of both serum and red cell potassium were con- 
stant both in health and disease. The normal serum potassium averaged 19.3 
mg. per 100 e.c., and the red cell potassium 422.7 mg. per 100 c.e. 

4. The most marked disturbances were found in Bright’s disease. 

5. The high serum potassium found in asthma was lowered by epinephrine. 

6. Some possible relationship between red cell potassium concentration and 
serum total base, hemoglobin, and age are pointed out. 


Most of the cases presented in this paper were patients in the Presbyterian 
ie Central Free Dispensary or Cook County Hospital. 


Hospital, 
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THE SCHILLING DIFFERENTIAL BLOOD COUNT IN TROPICAL 

DISEASES* 


A Study op 710 Cases With Special Reference to Malaria 


Pauline Beregopf, M.D., Colombia, S. A. 


W HILE the literature on the Schilling differential white blood cell count is 
extensive, few papers have been written of its value in tropical medicine. 
AYe thought it, therefore, worth while to repoi't our findings of 710 cases oi 
tropical diseases with special reference to malaria. 

MATERLVL 

1. Blood from 560 patients with malaria. These patients were divided hfio 
two groups, chronic and acute cases. Hemograms were studied during the dif- 
ferent stages of the cycle, but as we found no particular change in the hemo- 
gram, only those taken during the febrile stage are charted. Hemograms weie 
also studied during quinine therapy and after recovery. 

2. Blood from 75 patients with severe secondary anemia due to intestinal 
parasites. These patients were divided into two groups: those who did not 
show intestinal ulcerations and those who presented marked intestinal pathology- 
Hemograms were taken on admission, during therapy, and before discharge. 

3. Blood from 50 patients with leprosy, all males. These patients were 
divided into four groups as follows : Children with no open active lesions ; chil- 
dren presenting lepromas in degeneration involving the hones,- adults with no 

♦From the Department of Experimental Medicine of Santa Clara Hospital and the Depart 
ments of Pathology and Parasitology of the University of Cartagena. 
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W : schu.unu d^euentul m.oon count 
— — , - adults with — 

grams were taken from patien s v. w } 10 W erc under 

patients beginning ehaulmoognv oil therap> ^considerable length of time 

treatment of chaulmoogra oil 01 its cstu. , 

and who presented marked improvement. f years’ 

4. Blood from 15 patients wbo presented WP»! - * « *££££ 
duration. Hemograms were studied on admission, a so , . showed 

and after two months of calcium admin, strut, on, when the patients 

m “ZrZ’l5 patients presenting n,eo,ic «—«£££% 
niveosis, sporotricosis, blastomyeosis). Hemograms were sl ^“f ““ T^' „ 
mission, during iodine and calcium therapy, and before leavntg .be hospttal 

dinic. , 

Most of the patients were hospital eases. Those who were not, were e - 
fully studied at the clinic. All bloods were obtained not before two horns 
a meal and when the patients were well rested. . . 

Eighty per cent of the patients were of the colored race Due to mtesUna 
parasitic infection which was present in 100 per cent of the colored patien s 
and in 70 per cent of the white, most of them presented a jnoder. ate nem a 
and a somewhat increased eosinophile and basophile count. The hemo lohm 
these patients ranged between 72 per cent and 50 per cent (&ahli) h.one 
presented a higher hemoglobin than 72 per cent and seven pa ten s s 10 
hemoglobin below 50 per cent. 

The hemogram was recorded after a count of 100 cells in all malaria cases 
and after a count of 200 cells of the bloods of all the rest. An average was 
taken of each group and recorded. 


INTERPRETATION OF THE HEAIOGRAM 

In the eases studied we have been able to correlate the degree of the , shift 
in the hemogram with the extent of the infection and gravitj of the patients con 
dition. Like Yaguda, 2 John, 3 McDonald, 1 Allen, 3 and other investigators, we 
have found the Schilling differential count of great diagnostic and prognostic 
value. In malaria, especially of the pernicious type, serial hemograms present 
a. valuable index in the administration of quinine therapy. In the chronic 
cases, after quinine intake, an immediate shift to the right with a neutrophile 


Table I 


Tiif. Schilling Hemogram 
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increase takes place. In the pernicious fevers, intravenous quinine therapy 
brings about a quicker response and change in the hemogram than oral or intra- 
muscular therapy. The greater and severer the infection the greater the shift 
to the left in the hemogram. A shift to the right with an increased white blood 
cell count is almost always a good prognostic index. When the patient responds 

Table II 


Fifty Cases of Severe Secondary Anemia Due to Intestinal Parasites Presenting No 

Intestinal Ulcerations 


standard 

W.B.C. 

7,000 

B. 

1 

E. 

a 

M. 

0 

J. 

0 

B. 

4 

s. 

til 

L. 

23 

M. 

ti 

N. 

68 

Average of 50 eases 

0,500 

3 

9 

2 


20 

40 

IS 

8 

02 

Average of the same 
cases after successful 
treatment by the Rivas 
Method for parasites, 
combined with intrave- 
nous therapy of iron, 
arsenic, and phosphor- 
us 

7,500 

1 

3 

0 

0 

9 

01 

20 

0 

70 


Table III 

Twenty-Five Cases of Severe Secondary Anemia Due to Intestinal Parasites and 

Presenting Intestinal Ulcerations 


STANDARD 



E. 

o 

AT. 

0 

1 J. 

! o 

n- 

4 

s. 

04 

L - 

23 

| AT, 

6 

N\ 

68 

Average of 25 cases 

ii,ooo| 

1 2 1 

s 

1 

o 

21 

| 50 

12 

1 4 

74 


In the above cases, the degree of the shift kept on changing as the treatment went on, 
and it was an excellent index in the prognosis. A shift to the right with an increase in seg- 
ments, decrease in bands, and somewhat increased eosinophile count was noticed when the 
ulcerations began to heal. Tbe eosiuophiles and neutrophiles reached the normal level when 
recovery was attained. Ono of the patients died of intestinal perforation due to amebic 
ulcers, and the following hemograms were presented before death: 


Two days before death 

17,000 3 

9 

4 

s 

32 

34 

7 

3 

78 

One day before death 

S,000 3 

9 

4 

12 

40 

23 

7 

3 

7S 


Table IV 

Fifteen Cases of Mycotic Disease of the Skin 
(Actinomycosis, Sporotricosis, Blastomycosis) 


STANDARD 

AV.B.C. 

7,000 

H 

e. ; 
2 | 

AI. 

0 

1 

B. ; 

4 i 

H 

Ii. 

23 

AT. 

6 


Average of 15 cases ou admission 

7,000 

mm 

9 

0 

B 

22 

42 

18 

4 


Under intramuscular iodine and calcium 
therapy marked improvement with a 
sliift toward the right of the hemo- 
gram was noticed 

S,200 

o 

6 

o j 

0 

10 

53 

22 

! 5 

65 


little to quinine, the shift to the left persists, showing a decrease in segments, 
and decrease in lymphocytes associated with a low white blood cell count. Oui 
patients who died in a comatose condition, presented low white blood cell counts 
and marked shift to left with neutropenia. An increase of lymphocytes in ie 
presence of a shift to the left is a favorable indication of good resistance, w u e 
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BEUEGOFF : 


SCHILLING LHFFEHENT1AL BLOOD COUNT 


Table V 


r „, „ cs „„ .,*» am on «>■ F “ ,IS 


STANDARD 


VV.B.C. B. 
7,000 1 


Average of 200 chrome cases with re- 4,000 
peated exacerbations of fever, tor a 
period of one year or more. All pre- 
seated moderate anemia j 

Average of 300 eases of acute severe , , 

infection, with high temperature. 
Hemograms studied during tebnle 

stags . . — no * 

Average of 60 cases in coma with con- 4,ouu ( 
vnlsions, high temperature (all cases I j 

of snhtertian form) nn 

Of the above group of 60, 40 responded , 
to large doses of quinine given in 
glucose intravenously, and after 2S 
hours presented the following (av- 
erage) hemogTam ? 000 

The same patients after two weeks ot , 
quinine therapy, presenting negative 
blood smears showed the following 
hemogram (average taken) 

Twenty patients of the 60 group, who , 
did not respond to quinine therapy 
and who died within one to seven 
days after admission, presented the 
following hemogram 


Fifty Cases or Leprosy. 


Table VI 

15 Children and 35 Adults, All Males 


Average of 10 children; ages 7 to 14. 1 8,000 
No ulcerative lesions. Lymph posi- I 
tive for B. lepra I 

Average of 5 children, presenting lepro- 12,000 
mas in degeneration, involving bones I 
of feet and hands I 

Average of 15 untreated lepra adults; 1 7,500 
no active lesions j 

These patients after the first few in- 110,000 
jections of chaulmoogra oil, present- 
ed the following hemogram 1 

Average of 20 adult lepers, with active 1 12,000 
lesions involving bones of feet and 
hands 

Chaulmoogra therapy in these patients, 114,000 
at the beginning raises the AV.B.C., I 
increases the neutrophile count and I 
segments, and diminishes the juven- 
iles. Hemogram after 5 days’ treat- 
ment. When the patients presented I 
marked improvement under therapy 
tlie hemogram changes toward a 1 
slight right shift I 

Average of 15 treated patients, who 7,000 
presented repeated negative findings 1 
in tlie lymph and nasal mucus during 
a two months’ period I 
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Table VII 

Fifteen Cases of Tropical Ulcers 


STANDARD 

W.Ii.C, 

7,000 

D. 

1 ! 

K. 

o 

ir. 

0 ! 

m 

D. 

4 

S. 

G4 

L. 

23 | 

M. 

G ; 

X. 

GS 

Average of 15 cases on admission 

(1,300 

3 

7 

0 

4 

15 

4(3 

18 

7 

65 

After 3 intravenous calcium gluconate 
(Sandoz) injections, during three 
days, sloughing of the ulcer became 
noticeable and the following hemo- 
gram was recorded 

9,000 

2 

8 

0 

o 

i 

15 

54 

1G . 

4 

70 

After 24 intravenous injections of cal- 
cium (Sandoz) 10 e.c., sloughing dis- 
appeared, granulation tissue formed 
with marked improvement in heal- 
ing. The following hemogram (av- 
erage) was recorded 

S,000 

1 

5 

0 

' 

0 

s 

(14 

17 

5 

72 


a diminished lymphocyte eount, shift to left with low white blood cell count is 
almost always an unfavorable prognostic index. 

In the anemias of parasitic origin, we found a basophilia and eosinophilia 
with an increase in band forms. Improvement of the patient is correlated with 
a decrease in eosinophiles and basophiles as well as bands with an increase in 
lymphocytes and segmented neutrophiles. In the patients who presented severe 
ulcerative intestinal lesions, the disappearance of neutrophilia with an increase 
in lymphocytes and monocytes was always an indication of improvement, while 
a decrease of the white blood cell eount and lymphocytes with a marked left 
shift was always of poor prognosis. 

In mycosis, we found a slight basophilia and eosinophilia with a slight left 
shift in the hemogram. The patients who responded rapidly to iodine and 
calcium therapy showed a rapid shift to the right. Often the first few injec- 
tions bring about a change in the hemogram, but should the therapy be dis- 
continued before healing is complete, a shift to the left takes place. Recovery is 
indicated by a persistent slight shift to the right with a slight elevation of 
lymphocytes and monocytes. 

In the cases of tropical ulcer, the hemograms present practically the same 
form as those seen in mycotic lesions. 

In leprosy, we find hemograms almost identical with those found in tubei- 
culosis. Where active lesions are present, a shift to the left is almost always 
present. In the treatment of the patients, the hemogram is a good indication 
of the response to therapy. 

The progress of a patient may be very accurately followed up by frequent!.' 
repeated hemograms. Like Harter and Lyons, Reznikoft', 7 Baum* and others 
we consider the Shilling differential of greater value as a diagnostic and piog- 
nostic index than the Arneth or Ehrlich formula, and most readily adaptable as 
a routine method. 

SUMMARY AND CONCLUSIONS 

1. A study of the Schilling hemogram in 710 cases of tropical diseases is 
presented. These cases comprise 560 patients with malaria, 75 patients "iti 
severe anemia due to intestinal parasitic infestation, 50 leprosy patients, 15 cases 
of tropical ulcers, and 15 of mycotic disease of the skin. 
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beregoff: schilling differential m.oon count 

tori Before bcMiiuiiisi therapy, during and at con 
2. Hemograms are reported ucLoie ni n imim 0 

elusion of therapy. 
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LABORATORY METHODS 


A RAPID COLORIMETRIC METHOD FOR MULTIPLE DETERMINA- 
TIONS OF URIC ACID* 


Geoffrey Keighley, BA., and Henry Borsook, Ph.D., Pasadena, Calif. 


DETERMINATION OF URIC ACID 

IN A STUDY of protein metabolism in which we are engaged, a large number 
-*• of urinary uric acid determinations were called for. It was clear, at the out- 
set, that the employment of a colorimeter would be laborious and time-consuming, 
chiefly because of the necessity of preparing a new standard for every sample 
to be analyzed. This difficulty was avoided by substituting a spectrophotometer 
for a colorimeter for measuring the depth of color. 

The chemical reagents employed were those of Morris and Macleod. 1 The 
technic was modified in adapting it for use with a spectrophotometer, because in 
the method as it is ordinarily used there is a continuous intensification of color 
in both the standard and in the unknown. This is shown in Table I. 

It was necessary to alter the conditions so that a maximum color, which 
does not change further on standing, is obtained before any readings are taken. 
The modification is the incubation of the uric acid together with the arseno- 
tungstic-cjmnide reagent in a total volume of 36 c.c. at 37° C. for thirty-five 
minutes. The solution is then cooled and made up to 50 c.c. Readings may 
then be taken at any time during an interval of one and one-half horn's 
(Table III). 

The advantage gained in this modification is that a large number of solu- 
tions containing unknown amounts of uric acid may be made up togethex’. The 
depth of color obtained in each is then measui'ed in the spectrophotometer and 
intei'preted in terms of amounts of ui'ic acid by means of an empii'ical curve 
constructed from the color intensities given by known quantities of ui’ic acid. 
Having once obtained the empirical curve, it is unnecessary to make up stand- 
ard solutions again for compai'ison with the unknown. Occasionally one stand- 
ard solution is prepared to check the constancy of the reagents. 

EXPERIMENTAL 

The reagents and general procedure employed (with the modifications 
described below) were those given by Morris and Macleod. 1 The standard uric 
acid solution was prepared by the method of Benedict and Hitchcock. - 

•From the William G. Kerckhoff Laboratories of the Biological Sciences. California In 
stitute of Technology. 

Received for Publication, April 10, 1933. 
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tm.-tkhM.INATIONS ok ckic acid 

KEIGIILEY-BOUSOOK : DbTLH.l . 

• ■ in. mulprlvin"’ the use of a spectropho- 

A brief presentation of the prmeip s cLrk . 3 We have employed 

tometer for the measurement of color * S 1 '™ u ^ chmcnt s0 that the angle at 
a Kouig-Marteus type of instrument , w ^ ^ watcr was in train was 4o° 

which the Nieol prism was set or c ‘ t ration of absorbing substance with 

The equation connecting differences m concent. ation 

differences in color intensity is 

Cj log tan-0,. 

C; ~~ log tair0 2 

are 0- — readU f - «■» i— t lor color -el. 

S : — o-c.,. r a — ^ 
dependent check readings may be made at any number of desire 

any one corresponds to a reading with a co onm • d with a glass 

The absorption cell used was 20.S mm. unde, and was 

shde while measurements were being made. development of color 

In Table I are shown the differences ^modified procedure 

with three different concentrations of unc aci , gix show that a good 

of Morris and Maeleod is followed. Columns fi developed 

proportionality exists in the first ten colorimeter 

and amount of uric acid. The table also shows the necessnj 


Table I 

Rate or Develops or Colob Wnm Vabytxo THE 

tin-modified Techxic op morris and JIacleod 



is to be used with this technic of preparing the standard and the unknown 

solution at the same time. . 

The influence of the dilution of the reaction mixtuie on t e intensi y o 
color developed was not sufficiently emphasized by Morris and Macleo Ta e 
shows that this is an important factor; and that this must be kept constant if 
constant results are to be obtained. The uric acid and reagents, made-up ^wit 
water to the total volumes indicated in Table II were incubated at 3T G. for 
thirty-five minutes. They were then cooled, diluted to 50 c.c., and the intensity 
of color developed was measured immediately after. 
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It was found that if the l'eagents and the uric acid are kept for thirty-five 
minutes at 37° C., there is only a negligible further development of color after 
cooling to room temperature and dilution to 50 e.c. A typical result is given in 
Table III. 

Tap.le II 

The Influence of Dilution on the Bate of Development of Color 


thru* Arid = 0.2 mg.; Temp. = 27° C.; Time = 35 Min.; = 607 


volume of reaction 


AMOUNT OF URIC ACID COR- 

MIXTURE 

LOO TAN -O 

RESPONDING TO LOG TAN-0 

C.C. 


MG. 

2G 

2.51 

0.27 

36 

2.02 

0.20 

50 

1.53 

0.14 


Table HI 

The Further Development of Color at 20° C. After Thirty-Five Minutes’ Incubation 


at 37° C., in a Volume of 36 c.c.; = G07 


TIME 

MIX. 

LOG TAX20 

amount of uric acid to which 

LOO TAN 2 0 CORRESPONDS 

MG. 

5 

2.13 

0.215 

10 

2.15 

0.219 

23 

2.17 

0.224 

30 

2.17 

0.224 

GO 

2.19 

0.227 

90 

003 

0.232 


The following was the final procedure employed : One cubic centimeter of 
diluted urine, usually the original urine diluted three times, was pipetted into 
a 50 c.c. centrifuge tube. Thirty-eight cubic centimeters distilled water, measured 
with a graduate, 1 c.c. of 2.5 per cent zinc chloride, and 1 c.c. of 10 per cent 
sodium carbonate were then added. The solution was stirred and centrifuged. 
The supernatant solution was then poured off and the precipitate dissolved with 
4 drops of 10 per cent HC1. This was then transferred with 30 e.c. of distilled 
water to a 50 e.c. volumetric flask. Five cubic centimeters of 10 per cent sodium 
cyanide and 1 c.c. of the arseno-lS-tungstic acid solution were then added. The 
flask was quickly swirled, and then set away, stoppered, in a water-bath at 
37° C. After thirty-five minutes it was cooled; the volume made, up to 50 c.c.; 
and the intensity of color developed then read with the spectrophotometer. 


With this procedure the data shown in Tables IV and V were obtained. 

From the data in Table IV empirical calibration, curves were constructed, 
because with the modified technic, the value of the proportionality constant re- 
lating intensity of color to the amount of uric acid is not 1. Table V gives the 
ratios computed from the data in Table III of the color intensity developed bj 
different amounts of uric acid to that given by 0.2 mg. which was taken as a 
standard. The ratios at n/x 515 may be employed as correction factors when a 
colorimeter is used with the above procedure for development of the coloi, 
though it would be safer to construct a calibration curve. 
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Table IV 

Absorption' at Various Wave Lengths op Solutions Containing Different Amounts oi 

Uric Acid 


AMOUNT 

or URIC 


ABSORPTION' = 

= LOG TAN-tf FOR VARIOUS 

WAVE LENGTHS IN PP 


ACID 

MG. 

515.5 

526 

537 

549 

561.5 

575 

590 

607 

627 

670 

mm 

0.38 

0.41 

0.44 

0.4S 

0.53 


0.63 

0.71 

0.77 

0.S2 

0.10 

0.03 

o.os 

0.74 

0.S2 

0.90 

0.99 

1.10 

1.21 

1.34 

1.45 

0.15 

0.81 

0.S9 

0.98 

1.0S 

1.20 

1.33 

1.48 

1.64 

1.81 

1.97 

0.20 

0.97 

1.0S 

1.19 

1.31 

1.40 

1.62 

1.80 

2.00 

2.19 

2.38 

0.25 

1.14 

1.26 

1.39 

1.53 

1.72 

1.91 

2.12 

2.34 

2.59 

2.79 

0.30 

1.33 

1.47 

1.61 

1.79 

2.00 

2.23 

2.4S 

2.76 

3.06 

3.29 

0.35 





O Q»7 

2.47 

2.76 

3.08 

3.36 


0.40 

1.50 

1.73 

1.91 

2.12 

2.36 

2.65 

2.91 

3.29 

3.52 

4.04 


When only two or three urinary uric acid determinations are to be made, 
the unmodified procedure of Maeleod and Morris is probably quicker. But, as in 
our case, when there is a large number of analyses the modified technic described 
above affords a great saving in time and labor, whether a colorimeter or spectro- 
photometer is used; since all the unknowns and only one standard solution may 
be made up together. 


Table V 

Ratios of Color Intensity to Amount of Urio Acid. 0.2 mg. Taken as Standard 


amount OF 

URIC ACID 
MG. 


RATIO OF 
URIC ACID 
PRESENT TO 
0.20 MG. 


COLOR INTENSITY TOR GIVEN AMOUNT OF URIC ACID 
RATIO OF COLOR INTENSITY GIVEN BY 0.20 MG. URIC ACID AT 
VARIOUS WAVE LENGTHS IN pp 


515.5 ] 

526 

537 

549 


575 

590 

607 

627 

670 


0.38 

0.37 


0.36 

0.36 


0.35 




0.63 



0.62 

0.61 


0.61 




0.83 



0.82 

0.82 


0.82 

0.83 

fjil? 9 


1.00 



1.00 

1.00 


1.00 

1.00 

WWi m 

1.18 

1.17 

1.17 

1.15 

1.18 

■WKl 


1.17 

1.18 

1.17 

1.37 


1.36 

1.37 

1.39 

3 


1.38 

IIHl 

1.38 





■Ml 



1.54 

1.53 



1.60 

1.61 

1.62 

L62 



1.64 


ESI 


0.05 

0.10 

0.15 

0.20 

0.25 

0.30 

0.35 

0.40 


0.25 

0.50 

0.75 

1.00 

1.25 

1.50 

1.75 

2.00 


Table VI 


Values Obtained at Different Wave Lengths in Urinary Uric Acid Determinations 
Showing That the Absorption Spectrum Is the Same tor 
Urine as tor Pure Uric Acid 


tvave length 
W 

SAMPLE 1 

MG. 

SAMPLE 2 

MG. 

SAMPLE 3 

MG. 

627 

607 

590 

o7o 

561.5 

0.108 

0.108 

0.108 

0.108 

0.109 

0.194 

0.194 

0.196 

0.195 

0.195 

0.295 

0.297 

0.298 

0.299 

0.297 


Because approximately monochromatic light is used in the speetrophotometrie 
leauings it was necessary to know whether or not the same absorption spectrum 
btamed wheu the uric acid is precipitated from urine as with pure uric acid- 

obtained Conta f na " ts “ the ziuc urate Precipitate affect the color 

‘ d ' T bl ° ' 1 shows that the absorption spectra given by pure uric acid 
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and by uric acid precipitated from urine are identical. Had there been any 
difference the values of the different wave lengths would have exliibited a 
systematic variation. The agreement in the three sets of determinations in Table 
VI is typical of the results in more than one hundred analyses. 

SUMMARY 

A modification of the technic of Morris and Macleod for the determina- 
tion of uric acid is described which permits much more rapid analysis of a large 
number of samples. If a calibration curve has been constructed previously, this 
technic obviates the necessity of preparing a standard solution for comparison 
when a spectrophotometer is used; with a colorimeter only one standard need 
be prepared. 
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STUDIES OF THE PHYSIOLOGIC AND PATHOLOGIC CHEMISTRY OP 

THE SKIN* 


Preliminary Report 


Abraham Rudy, M.D., Boston, Mass. 


MICROMETHOD FOR THE DETERMINATION OF THE SUGAR CONTENT IN THE SKIN 

U NTIL recently the only functions of the skin generally considered were its 
protective, beat regulating, secretory, and sensory functions. There was 
little knowledge of its physiologic and pathologic chemistry. Wohlgemuth and 
his coworkers , 1 Klopstock and Buschke , 2 and Melcser 3 were the first to demon- 
strate in the skin enzymes like amylase, diastase, tryptase, lipase, etc., m as 
high concentration as they are found in the liver. They have shown that the 
skin has its own specific metabolism of carbohydrate, protein, and fat, and othei 
substances. Pillsbury 1 found that lactic acid, which is an important product of 
carbohydrate metabolism, is normally present in the skin. Studies of the normal 
and pathologic metabolism of the skin promise to be of utmost importance m 
diseases of the skin as well as in other pathologic conditions. Diseases of the 
skin should not only be studied now from the etiologie and histologic stand- 
point, but consideration should also be given to the specific metabolism of the 
skin which may be disturbed while the metabolism of the other organs or the 
blood chemistry may he found to he normal. 

•From the Department of Pathology and Medical Clinic, Beth Israel Hospital. 

Eeceived for publication, May 11, 1933. 
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The work done on the enzymes has been carried out on eada\ers and a few 
amputated limbs. Gansslcn 1 and "Wohlgemuth and Scherk 0 undertook a chemical 
study of the content of artificially produced blisters in man, in the belief that it 
would represent the chemistry of the skin in vivo. Urbach,* who was the first 
to study the chemistry of the human skin in vivo, has demonstrated, however, a 
difference in the chemical values obtained from the blisters and from the skin. 
Together with Fantl 3 he developed a micromethod for the determination of the 
sugar content in the skin. With Sichcr 3 he carried out studies on the sugar 
content of the skin in vivo under normal and pathologic conditions. They found 
that the fasting sugar of the human skin is normally lower than that of the 
blood, and that the sugar in the skin increases parallel with the sugar in the 
blood. In some skin diseases, as well as in latent diabetes, they found that 
after the ingestion of 100 gm. of glucose, the sugar in the skin increased above 
normal, although the blood sugar rise was within normal limits. In other eases, 
which according to them belong to the sympathetic endocrine group, the blood 
sugar curve reaches a very high level within an hour after the glucose ingestion, 
and rapidly falls with no abnormal increase in the height of the skin sugar curve. 
I found that the sugar content in normal human skin after intravenous glucose 
injection, and in uncontrolled diabetics is markedly elevated above the normal 
level. In. my experiments with Abrams 10 on rabbits we confirmed the findings 
of Folin, Trimble and Newman 11 that the skin sugar lises rapidly with intra- 
venous injection of glucose and drops with the fall of the blood sugar. In addi- 
tion we found that the rise in the skin sugar of the rabbit occurs as soon as ten 
to twenty seconds following the intravenous injection of glucose. The glucose 
apparently spreads rapidly by diffusion through the blood and lymph systems. 

It is evident that the studies of the physiologic and pathologic chemistry of 
the skin should be carried out only on skin samples which represent the skin in 
vivo, as is true in the chemistry of the blood, and in order that these studies 
may be of practical value, micromethods should be applied. The sample of 
skin which is used for chemical analysis should be easily removed without any 
harm or great discomfort to the patient, although without anesthesia. 

Urbach and Fantl ’s method calls for an electric Ivromayer puncher and 
the application of two stitches or clips. The weight of the skin removed varies 
between 100 and 160 mg. The sugar determination on the extract is carried out 
by Hagedora- Jensen method. The method proposed below is an adaptation of 
Fohn ’s 12 micromethod for sugar in the blood, which is more commonly used in 
t us country. The removal of the skin specimen and the determination of its 
weight is also carried out in a somewdiat different manner. The test can be per- 
tormed on very small pieces of skin, especially when a high sugar value is ex- 
pected. It is best, however, when the skin specimen weighs in the neighborhood 


removal of the skin and procedure of the test 

Our ann is to obtain the skin in as normal a condition as nn -mi -r, 
us reason only healthy appearing skin should be removed and no local ane tb 
*** ''“ i ThC ”* »*»-* ™ homogenous "T pS 
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of the body, and therefore, for the purpose of comparison, the same regions 
should be used in comparing different individuals, or parallel body surfaces in 
the same individual. I use the costovertebral region. It is free from hair, 
and does not require shaving. In addition, the patient is less conscious of the 
procedure. 

The skin is cleaned with soap and water and then with alcohol about one or 
two hours, or if possible twelve hours before, and covered with a dry sterile 
dressing. The epidermis and corium of the skin is picked up with a small dry 
toothed forceps of rustless steel, and a piece about the size of one-quarter to 
one-half square centimeter is cut off quickly with a sharp, dry, sterile scalpel. 
The scalpel should cut through the epidermis and corium, and not touch the 
subcutaneous fat, if possible. There is no bleeding until after the specimen is 
removed. The wound is swabbed with mercnrochrome and covered with a small 
tight dressing. The specimen is placed with tire corium up into a covered 
Petri dish, taken immediately to the laboratory, minced,* and then weighed. In 
ease the skin has some fat attached, which can be recognized by its yellow color, 
it should be removed with scissors before weighing. This is important because 
the sugar content of the fat is very low, and thus will lower the results of the 
skin sugar tests. The weight of the skin sample is determined on an analytical 
scale. Bang’s scale is most convenient for this purpose. When the regular 
analytical scale is used, the skin should be weighed on a watch glass covered with 
another to prevent evaporation. The weight of the pair of watch glasses with 
and without the sldn specimen is determined. The difference between the two 
weights gives the weight of the skin. Since the specimen is very small its 
weight should be recorded accurately to the tenth of a milligram. After the 
weight is taken, the sldn is transferred into a 15 c.c. centrifuge tube containing 
10 c.c. of dilute tungstic acid solution, as is used in Folin’s 12 micromethod for 
sugar. When the weight of the skin sample is below 50 mg. and the sugar 
content is expected to be low, only 5 c.c. of the tungstic acid solution should 
be used. The skin is well stirred with a glass rod and the tube is then placed 
in a cool place, preferably a refrigerator, for twenty-four hours. The extraction 
is often completed in four hours. 

From this point the test is carried out as described by Folin 12 in his im- 
proved micromethod for the determination of sugar in laked blood. For greater 
convenience I am giving here the full procedure. 


Transfer 4 c.c. of the skin extract to a test tube graduated (with a ring all arouud) at 
12% and 25 c.c. Make two standards, one containing 4 c.c. of the standard sugar sola 
tion, and the other containing 2 c.c. of the standard sugar solution and 2 c.c. of dis x 
water in two similar tubes. To each tube add 1 c.c. of the 0.4 per cent potassium ferricj.im e 
solution and 1 c.c. of the cyanide carbonate solution. When the sugar content of the skin 
is expected to be high, 2 c.c. of the potassium ferricyanide should be used. Heat in 
water-bath, for eight minutes, and cool in running water for from one to two minutes. - 
5 c.c. of the ferric iron solution and mix. Let stand for from one to two minutes, and then ^ 
lute with water to the 25 c.c. mark and mix. In case the color of the sample is light, dilute x 

•Only nonrustable scissors and forceps should he used, since the iron of the instrumen 
may contaminate the test. 



llUDY: CHEMISTRY OF SKIN 


657 


only to 12% c.c. and the standard to 25 c.e. In case a little foam is obscuring the surface 
of the solution, a couple of drops of ethyl alcohol may be added before dilutin 0 with water. 
For the colorimetric reading it is advisable to use Malmros’s'c acid pierate light filter. 


CALCULATION 

The calculation differs from that in Folin’s 12 micromethod, in that, there 
is a correction needed for the weight of the skin and for the modified dilutions. 


Reading of standard 
Reading of unknown 


x 


100 

weight of skin in mg. 


x change in dilution x 100 “ 


mg. sugar per 
100 gm. skin. 


A sufficient number of tests have been done by the above method to indicate 
its accuracy. 

First, specimens taken from cadavers and from amputated limbs were 
studied. The skin was usually removed by the same technic as with in vivo 
studies. On some occasions a larger piece of skin was taken and divided into 
a number of smaller fractions. In Table I are given figures showing the results 
obtained on several specimens of skin removed from adjacent parts of the same 
body or amputated limb. The skin of the cavader, as a rule, was found to 
have a low sugar content unless uncontrolled diabetes was present or intra- 
venous glucose was used before death. Most of the sugar values obtained from 
skin samples of the same part of the body agree within 10 per cent. In Table II 


Table I 


name 

XU1IBEE 

OF SKIS 
SPEC. 

SKIN 

MG. SUGAR PER 

sugar 

100 GRAMS SKIN 

remarks 

E. B. 

2 

s-t 

83 




Amputation of leg 

I. L. 

2 

151 

143 




Autopsy. Diabetic 

A. B. 

i 

185 

170 

187 193 


Autopsy. Died shortly after in- 








travenous glucose adin. 

L. J. 

7 | 

92 

90 

94 

79 

95 94 92 

Autopsy 

J. T. 

i 

i 77 

79 

74 

81 


Amputation of leg 

•T. H. 

3 

21 

20 

IS 



Autopsy. Malignancy 


2 

38 

39 




Amputation of leg 

-v. Ii. 

5 

53 

54 

54 

58 

GO 

Amputation of arm 

!■ 0. 

7 

91 

82 

94 

93 

82 97 90 

Amputation of leg 

-V \Y. 

i 

59 

58 

GG 

GO 


Amputation of leg 



4o 

47 




Autopsy 


1 3 

80 

94 

78 



Autopsy 


ore given the results obtained on in vivo removed specimens of skin compared 
with the results of the capillary blood sugar determined by the same method. 

he specimens in this table were taken from patients on the skin service about 
tV> ° to tlu 'ee hours after breakfast, except in one case of diabetic coma. On 
some occasions the skin specimen was divided in two pieces. Each piece was 
weighed, and its sugar content separately determined with quite close checks, 
ic skin sugar in most instances was somewhat higher than the capillary blood 

ffisthm y ibadl n d f 01161 ' 9 f0lUld * hat the fasthls skdn - su S av is lower than the 

lml oh. “T b °°i d SUSar ' 1 SUPP ° Se that the hisher skin SU2a1 ’ fi gures I 
tamed may be explained by the fact that the skin samples were mainlv 

,ak “ INm •"'» >» ">« breakfast and tha, the ,11 T.hTlS, 
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sugar to normal is slower than that of the blood sugar. Urbach and Sicker 
also claim that the skin sugar is elevated in some skin diseases and that diabetes 
mellitus can be discovered with the aid of a skin sugar tolerance test earlier than 
with the blood sugar tolerance test. For practical purposes, however, I believe 
that a single skin sugar determination carried out from about one to three 
hours after a high carbohydrate meal should be sufficient. Folin and Swed- 


Taui.e II 


NAME 

CAPILLARY 
SUGAR IX 

MG. 

"WEIGHT OP 

SKIX IX 

MG. 

SKIX SUGAR 
MG. SUGAR 
PER 100 GRAMS 
SKIX 

TIME TEST 

TAKEN* 

DIAGNOSIS 

j. c. 

112 

1S.0 

113 

3 hr. after breakfast 

General psoriasis 

F. 

98 

2S.4 

106 

Fasting 

General psoriasis 

M. 0. 

116 

24.6 

116 


Allergv 

A. D. 

n;> 

22.6 

125 

5 hr. after breakfast 

Syphilis 

M. 13. 

93 

60.0 

108 

10 A.M. 

Urticaria 

II. L. 

129 

44.0 

194 

2'. hr. after breakfast 

Diabetic 

D. M. 

103 

30.0 

131 





19.7 

134 

Fasting 

Pruritus vulvae 

H. A. 

92 

39.7 

123 





33.0 

130 

2 hr. after breakfast 

Pvodermia 

A. W. 

S9 

5(3.1 

62 





63.0 

62 

10 A.M. 

Psoriasis 

A. Iv. 

113 

30 3 

15.8 





35.0 

138 

Fasting 

Diabetes 

S. S. 

770 

42.5 

440 

During treatment, 

Diabetic coma 


Venous blood 

44.8 

4.83 

while in coma 



berg’s 13 micromethods for the determination of nonprotein nitrogen and uric 
acid in unlaked blood can be adapted for the determination of the same in the 
skin. Experiments are now being carried out to determine the smallest size of 
skin sample as well as the dilutions necessary for these determinations. 

SUMMARY 

Attention is called to the importance of the studies of the physiologic and 
pathologic chemistry of the skin. 

A micromethod for the determination of the sugar content of the skin m 
vivo is described. Similar methods for the determination of the nonprotem 
nitrogen and uric acid content, of the skin are suggested. 

The chemistry of the skin may play an important role in the studies of some 
skin diseases and metabolic disorders. 

I wish to thank Dr. Jacob Swartz for his helpful suggestions and kind permission to 
use the cases from the Skin Service. 
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A DIRECT NESSLERIZATION METHOD FOR UREA NITROGEN IN- 
BLOOD WHERE COMMERCIAL UREASE IS EMPLOYED 


Clara S. Shapiro, M.A., New \ ork, N. A . 


TN RECENT years the direct nesslerizalion method for urea nitrogen has been 
1 coming more and more into general use. The Karr 1 modification of it has 
been accepted by some hospitals and private laboratories as a regular routine 
procedure in place of the more cumbersome, although possibly more accurate, 
aeration method. In view of the increasing use of the direct nesslerization 
method, it seems desirable to have it further improved in order to obtain more 
reliable results. 

The following changes seem to he especially desirable: 

1. To avoid or delay the formation of turbidity on nesslerization so that 
an accurate reading can be taken. 

2. To modify it in such a way that commercial urease can be used instead 
of a specially prepared urease extract. The urease manufactured by a reliable 
company gives uniformly accurate results, while the preparation of urease 
extract at a hospital, besides being time consuming, frequently results in prod- 
ucts of varying potency. Such urease extract is sometimes a source of con- 
siderable error in the urea determination. The preparation, of these extracts 
requires careful technic and accurate cheeking, which is not always possible, 
especially in small laboratories. 


•From thu I«abor*itory of the I-ifV Extension Institute, 
for publication. May IP. 1P33. 
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3. To obtain a color on nesslerization which will match an ammonium 
sulphate standard and thus eliminate the necessity for a urea standard as 
employed in Karr’s method. 

Ammonium sulphate solutions keep indefinitely and give dependable re- 
sults. Urea standards have to be renewed every month with the added disad- 
vantage that a preservative, such as toluene, may have an undesirable effect 
on the color of the nesslerized urea standard. 

The method here described represents an attempt to answer the above- 
mentioned requirements. The principle consists in incubating the Folin-Wu 
blood filtrate with ordinary commercial powdered urease which is later removed 
from solution by precipitation with an additional amount of tungstic acid; the 
floeculent precipitate formed is filtered off through ordinary filter paper. The 
resulting water-clear filtrate is then nesslerized and compared against a nessler- 
ized standard ammonium sulphate solution. 

METHOD 

He a gents . — 

1. Standard Ammonium Sulphate Slock Solution: Dissolve 0.4716 gm. of C. P. ammonium 
sulphate in a little water and make up to one liter; 10 c.c. of this solution contains 1 mg. of 
nitrogen. 

2. Ncsslcr’s Solution (2): Introduce into a large beaker or Erlenmeyer flask, about 
500 c.c. of water, add 100 gm. of C. P. sodium hydroxide. Place the ilask in a pan of cold 
water to prevent the development of heat. Let stand until all dissolves and the solution is 
cool. In the meantime, introduce through a paper cone into a dry 1,000 c.c. volumetric flask, 
100 gm. U.S.P. mercuric iodide (II.L), 70 gm. C.P. potassium iodide and about 400 c.c. of 
distilled water. Potato the flask to dissolve. Occasionally a few grains of mercuric iodide 
will remain undissolved, which does not interfere. When all has dissolved, add the sodium 
hydroxide solution slowly with constant rotation of the flask, and make up to 1 liter with 
water. Mix and transfer to a bottle with a rubber stopper. Let stand overnight, preferably 
in an incubator at 37 or 3S° C. In the morning, a fine brown precipitate will bo found on tho 
bottom of the bottle. The supernatant fluid can be siphoned off or filtered through cotton. 

This stock solution keeps indefinitely. It lias to he diluted 1:5 just before use. 

3. Vie Normal Sulphuric Acid : It is prepared from % normal II, SO, by diluting the 
latter 8 times. 

Procedure. — Prepare the Foliu-Wu filtrate as usual, or, if desired, the following simplified 
technic can be used, which invariably gives excellent results : 

For each cubic centimeter of oxalated blood, add S c.c. of Vie normal H.SO„ and 1 c.c. 
of 10 per cent NaAVO, solution. Rotate the flask 2 or 3 times. Filter at once. The filtrate 
should be water-clear. Into an ordinary test tube of about 30 c.c. capacity, pipette 10 c.c. 
of Folin-Wu filtrate. Incubate with approximately 0.1 gin. Urease powder (Squibb) for 
fifteen minutes at 50° C. To the incubated filtrate, add 1 c.c. of distilled water, S c.c. of 
Vio normal ILSO, (or 1 c.c. of % normal H-SO, and 7 c.c. ILO) and 1 e.c. of a 10 per cent 
solution of sodium tungstate. The total volume is 20 c.c. Mix several times by inversion. 
Filter off tho floeculent, white precipitate through ordinary filter paper. Tho filtrate should 
be water-clear. 

Into a 100 c.c. graduated cylinder, pipette 10 c.c. of this final filtrate (equivalent to 
0.5 c.c. of blood). Add 3 c.c. of distilled water and 2 c.c. of dilute Nessler’s solution, fresiy 
prepared from the stock solution. Adjust to 15 c.c. mark. Mix by inversion. Compare a ^ 
once against standard ammonium sulphate solution, which is prepared as follows: 5 c.c. ° 
stock ammonium sulphate solution (equivalent to 0.5 mg. nitrogen) are diluted with wa e 
treated with 20 c.c. of dilute Nessler’s solution and made up to 100 c.c. in a ioume 
flask. 
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If the color of the unknown is darker than that of the standard, add more of the 
Nessler’s solution until no more increase in color is observed. (In the case of vcrj high 
urea content, 20 or 25 c.c. of Xcsslcr’s solution aro required.) Dilute immediately with 
water to desired volume until the color approaches that of the standard. Mix and compare 
at once. The nesslerized solution should be perfectly clear and should remain so for several 
minutes. The higher the nitrogen content of solution the longer it will stay clear (three 
minutes to one hour). Smoke and fumes in the laboratory have been observed to accelerate 
the formation of turbidity. 

Calculation: 

Standard Reading Unknown Dilution *4 mg. X in o ., inn m 2. Urea^ **. D)0 

Unknown Reading x Standard Dilution X Standard " — c.c. of blood 

Simplified this becomes (Standard at 20) 

20 

Unknown Reading x Unknown Dilution == mg. Urea X in 100 c.c. of blood 


RESULTS 

The method described was tested out on a number of bloods as well as on 
control solutions. The latter was done in order to ascertain that commercial 
urease after being removed from solution does not leave behind some substances 
which will affect the accuracy of the method. Standard ammonium sulphate 
solutions of concentrations, from 10 to 200 mg. nitrogen per 100 c.c., served 
as controls. They were treated exactly as if they were bloods, namely, 1 c.c. 
of such solution was diluted with 10 c.c. of -water, mixed with 0.1 gm. of solid 
urease and the latter was precipitated by addition of 8 c.c. of normal sul- 
phuric acid and 1 c.c. of a 10 per cent solution of sodium tungstate solution as 
described above. The results are given in Table II. 

As can be seen from the table the recovery of the nitrogen is quite good, 
die error not exceeding +3 per cent, which is the theoretical error of the direct 
nesslerization procedure. (The error of the colorimeter reading = 1-1.5 per 
cent under routine conditions. The combined error of pipetting, dilution, etc., 
ls at least 1-1.5 per cent. The total is equal to ±3 per cent.) 

This method was next tested on a number of normal bloods, to some of 
" ieh known amounts of a standard urea solution were added. The results 
o tained. were checked against the aeration procedure. Also a number of 
Pathologic bloods was obtained from the Coney Island Hospital, New York City 
and the urea determined by the same method. The results were compared 

V1 i lose of the Coney Island Hospital laboratory, where Karr’s direct method 
is used exclusively. 


Table I 


SOLUTION 

CONTEOL OF SUCTION 

MG. X. PEE 100 C.C. 

Standard Urea 

Standard Urea 

Standard Urea 

St. (XH,), SO. 

St. (XH.) SO, 

St. (XIU. SO, 

Error ^3 per cent. 

14.0 13.9 -1 

14.0 13.6 -3 

14.0 14.4 43 

15-0 14.S -1 

15-0 15.3 + 2 

25.0 25.0 O 
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The aeration procedure was that recommended by Myers 3 in which 2 c.e. 
of oxalated blood are incubated for fifteen minutes at 50° C. with Squibb ’s 
urease powder and aerated for one hour. A control was introduced into each 
set of 3 or 4 specimens consisting of 2 c.e. of standard ammonium sulphate 


Table II 

Control Experiments on Standard Ammonium Sulphate Solutions 



SPECIMEN 

NITROGEN 

PER 100 C.C. 

ERROR 

STANDARD 

ammonium sulphate 

GIVEN 

YQUSD 




-Mr- 

-Mg. 

Per Cent* 

Control 

solutions 1 


9.7 

— 3 

Control 

solutions 2 

20.0 

20.G 

4- 3 

Control 

solutions 3 

20.0 

20.S 

+ 4 

Control 

solutions 4 

20.0 

20.2 

T J 

Control 

solutions 5 

20.0 

' 20.4 

4. 0 

Control 

solutions G 

30.0 

30. G 

-i. *’ 

Control 

solutions 7 

50.0 

50.0 

0 

Control 

solutions S 

70.0 

GS.O 

— 3 

Control 

solutions 9 


100.0 

0 

Control 

solutions 10 


99.0 

- 1 

Control 

solutions 11 

150.0 

145.0 

- 3 

Control 

solutions 12 


1S0.0 

-10 

•Theoretical error +3. 






Table III 



Comparison 

or Proposed Direct Method With Myers’ 

Aeration Method and With Karr s 



Direct Method 



SPECIMEN 

PROPOSED METHOD AERATION METHOD 

DEVIATION 



NITROGEN 

PER 100 C.C. 


Individual bloods 

mg. 

mg. 

per cent 

1 

J. D. 

10.5 

1G.2 

1.0 

O 

M. R. 

17.3 

1G.S 

3.0 

3 

F. K. 

12.0 

12 2 

2.0 

-1 

S. F. 

1G.4 

18.5 

0.5 

5 

J. D. 

17.1 

1G.G 

3.0 

6 

Ger . . . 

IS. 4 

19.2 

4.0 

7 

II. E. 

13.5 

13.1 

3.0 

8 

F. N. 

13.1 

13.S 

5.0 

9 

C. I. II. 

1G.7 

15.S 

6.0 

10 

Wei . . . 

14.2 

15.1 

6.0 

11 

Co . . . 

12.0 

12.2 

2.0 

12 

J. M. C. 

14.7 

16.0 

s.o 

13 

C. I. II. 

45.1 

46.6 

.>.0 

14 

Blood + Urea 

S7.3 

S2.2 

6.0 

15 

Blood + Urea 

80.0 

S3.0 

3.0 

1G 

Blood + Urea 

45.S 

43.7 

5.0 

17 

Blood + Urea 

41.7 

40.5 

3.0 

18 

Blood + Urea 

62.5 

59.7 

5.0 

19 

Blood + Urea 

9S.0 

106.3 

7.0 

20 

Blood + Urea 

23.7 

on _j. 

5.0 

21 

Blood + Urea 

35.5 

35.3 

1.0 

22 

Blood + Urea 

15G.0 

153.0 


SPECIMEN 

PROPOSED METHOD KARR’S METHOD 

deviation __ 

Individual bloods 

mg* 

mg. 

per cent 

23 

C. I. H. 

2G.9 

27.0 


24 

C. I. H. 

33.3 

33.3 


25 

C. I. H. 

53.3 

42.1 


2G 

C. I. H. 

49.4 

4S.6 


27 

C. I. H. 

129.0 

125.0 

.•> 

2S 

C. I. H. 

54.2 

55.0 

6 


Theoretical deviation 
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solution which was equivalent to 15 mg. nitrogen m 100 c.c. It was treated 
exactly like the blood specimens. A urea control equivalent to 14 mg of N m 
100 c.c. was also used. This was incubated with Squibb ’s urease and aerated 
along with the bloods. The nitrogen recovery in the case ot' both controls was 
from 97 per cent to 103 per cent as Table I shows. 


The data on blood determinations arc given in Table III. The agreement 
between the method proposed and the aeration method, with a few exceptions, 
is under 6 per cent, which is within the theoretical tolerances. 


DETAILS OF METHOD 

In an attempt to prevent completely the formation of turbidity a numbei 
of other urease precipitants were tried; these included 95 per cent alcohol of 
which 10 c.c. were added to 10 c.c. of Folin-Wu filtrate giving a final con- 
centration of 50 per cent alcohol ; also 5 c.c. were added giving a final concen- 
tration of 30 per cent alcohol; trichloracetic acid, 300 mg.; //A O z concentrated, 

1 c.c. ; II Cl concentrated, 1 c.c.; H,S0 4 10 per cent solution, 0.2 c.c.; sulpho- 
salicylic acid, 3 per cent solution; NaOH; 1 normal, 1 c.c.; Na,G0 3 saturated 
solution, 1.5 c.c. ; BaCl,, dilute solutions, varying amounts. 

All of these substances except HC1, H,S0 4 10 per cent, and alcohol 30 per 
cent remove the urease completely, leaving a water-clear filtrate. On nessleriz- 
ing the latter, however, a greenish tinge and immediate turbidity were produced 
with alcohol 50 per cent and 30 per cent, BaCl,, trichloracetic acid, NaOH and 
Na,C0 3 . The 10 per cent sulphuric acid, sodium hydroxide, and sodium car- 
bonate in the* concentrations used, had a bleaching effect on color. Sulpho- 
salycilic acid, HCl concentrated and HNO, concentrated, prevent the forma- 
tion of color altogether. It follows that tungstic acid is the best precipitant 
of commercial urease among those tried, because it allows a fairly stable color 
development on nesslerization. An attempt was made to reduce the amount of 
tungstic acid but was found impossible because of incomplete precipitation of 
urease. 

Commercial urease appears to be more or less completely precipitated by 
a sufficient quantity of tungstic acid. At least the resulting filtrate is water- 
clear and on addition of another portion of tungstic acid not a trace of pre- 
cipitate appears. The removal of the urease from solution causes a decided 
improvement in the color development on nesslerization. Although the forma- 
tion of turbidity is not entirely avoided, it is delayed sufficiently to enable the 
technician to take an accurate reading. The nesslerized solution is obtained 
perfectly clear and remains so for a period of time varying from three min- 
utes to one hour depending on the concentration of urea nitrogen. It has a 

good orange color and can be easily compared against an ammonium sulphate 
standard. 

lhc greenish tinge is entirely absent from bloods of higher urea content, 
msc bloods give a perfectly good match. The normal bloods, from 10 to 
- mg. per 100 c.c., do appear slightly greenish in the colorimeter, but can 
si o, matched against the standard, the deviation from aeration procedure 
uot exceeding G or 7 per cent. 
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In contrast to Karr’s procedure, the method here proposed gives quite 
stable color in specimens of high urea content. Turbidity never develops im- 
mediately after addition of Nessler’s solution. The color is good and perfectly 
clear for from about fifteen minutes to one hour. The stability of color decreases 
as the nitrogen content approaches the normal range, as Table IV shows. 


Table IV 


Periods During Which Nesslerized Solutions Remain Clear 


N. PER 100 C.C. 

DURATION* OF CLEAR NESSLER’S 

SOLUTION 

mg. 


100-200 

20 min. to 1 hour 

50-100 

10 min. to 20 min. 

30- 50 

5 min. to 10 min. 

10- 30 

3 min. to 5 min. 


It is therefore advisable to nesslerize each specimen separately just be- 
fore reading. 


Table V 


Comparison op Taylor and Blair. Direct Method With .Myers’ Aeration Method 




NITROGEN PER 100 C.C. 






TAYLOR AND 

AERATION 

METHOD 





SPECIMEN 

BLAIR 

METHOD 

DEVIATION 

STANDARD 

REMARKS 



mg. 

mg. 

per cent* 

mm. 

Match good 

1 

Normal blood 

15.6 

15.4 

1 

15 

2 

Normal blood 

10.0 

11.1 

10 

15 

Match good 

3 

Normal blood 

14.0 

13.0 

7 

15 

Match good 

4 

Normal blood 

12.5 

12.5 

0 

15 

Match good 

5 

Normal blood 

11.9 

12.5 

5 

15 

Match good 

6 

Normal blood 

15.1 

15.1 

0 

15 

Match good 

7 

Normal blood 

15.9 

10.8 

30 

20 

Match poor 

S 

Normal blood 

16.9 

13.2 

20 

20 

Match poor 

9 

Normal blood 

17.5 

11.9 

25 

20 

Match poor 

10 

Normal blood 

17.S 

14.9 

20 

20 

Match poor 

11 

Normal blood 

16.6 

12.9 

30 

20 

Match poor 

12 

Normal blood 

21.8 

17.5 

23 

20 

Match poor 

13 

f Normal blood 

20.2 

1G.7 

21 

20 

Match poor 

l Duplicate 

20.0 

16.7 

20 

20 

Match poor 

14 

Blood + Urea 

19.7 

20.3 

3 

20 

Match good 

15 

Blood + Urea 

24.0 

23.8 

i 

20 

Match good 

16 

Blood + Urea 

20.S 

18.3 

ii 

20 

Match good 

17 

Blood + Urea 

22.7 

19.4 

15 

20 

Match poor 

18 

Blood + Urea 

29.3 

26.5 

10 

20 

Match poor 

19 

Blood + Urea 

33.0 

29.2 

13 

20 

Match poor 

20 

Blood + Urea 

39.8 

38.7 

3 

20 

Match good 

21 

Blood + Urea 

67.6 

71.1 

5 

20 

Match good 
Match good 
Match good 
Match good 

22 

23 

Blood + Urea 
Blood + Urea 

95.0 

117.0 

98.3 

125.5 

3 

6 

20 

20 

24 

Blood + Urea 

14S.0 

153.0 

3 

20 


25 Urea Solution 

(14 mg. N. per 100 c.c.) 13.6 

26 Same 13.4 


Percentage Recovery 97 
Percentage Recovery 36 


•Theoretical deviation 6 per cent 
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SHAPIRO : 


NESSLERIZATION METHOD 


for urea nitrogen 


addenda 

™ e «“ “I’.f d“y Cw“ r Tayte !u,d nf w. tTSS^T; 

ou. ■,» this tabomtorj- and « found ,0 give g ood 
results, especially with bloods of high nitiogen con en . 

The nesslerized solution, in this method 

an hour or longer even in s “ lutl0 ^ more concentrated solutions, 

standard ammonium sulphate is good in the ... -i are ra ther 

* „ the normal Moods, they appear .rectush - 

difficult to match when the standard is se l5 mm . reduces the 

rose to about 20 or 30 per cent. Shifting the standard to xo 
difference in tinge between the unknown and the standai , _ _• 

better agreement with the suction method. The results are given m Table V. 


COMMENT 

Since turbidity formation is completely obviated in the Taylor and Blair 
method, it might appear unnecessary to suggest anot er proce 
decided, however, to complete these experiments for the following 

1. The large amount of blood (5 e.c.) required in the method of Taylor 
and Blair makes it inconvenient to use in some cases especially m emergent e. 

2. The special urease required for this method again calls for well-trame 

workers, a well-equipped laboratory, and additional time. ... 

3. The method here presented can be completed in about thirty or thirty- 
five minutes and requires no special reagents. Because of its speed and sim- 
plicity it may be of use in emergency cases. It is believed to give more reliable 
results than Karr’s procedure, because the nesslerized solution is more stable. 
It may, therefore, replace the latter where it is accepted as a routine pro- 
cedure. This method is not intended, however, to replace the standai d aeration 
procedure since the formation of turbidity is merely delayed but not com- 
pletely obviated. 


SUMMARY 

A direct nesslerization procedure is proposed in which commercial urease 
is employed. The urease is removed from solution before nesslerization, and 
the color of the nesslerized solution is fairly stable so that a good reading can 
be taken. The stability of color increases with increased concentration of urea 
nitrogen in blood. 

A number of urease precipitants were tried out in addition to tungstic 
acid. They gave, however, inferior results. 

The Taylor and Blair direct method was tested and found to give satis- 
factory results in specimens of high urea content. 


I wish to express my deepest thanks to Dr. James J. Short, Director of Laboratories 
at tho Life Extension Institute, for permission to carry out these experiments and for numer- 
ous valuable suggestions. 

I also wish to thank Dr. Harold Fink and Mr. Singer of the Coney Island Hospital for 
supplying me with pathologic bloods from the laboratory of the hospital and for giving me 
tlie results of their analyses. 
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A NEW METHOD FOR THE PRODUCTION OF ANTISHEEP 

HEMOLYSIN* 


Margaret Beattie, A.B., Gr.P.II., Berkeley, Calif. 


D URING the past ten years various methods for the production of aggluti- 
nating and hemolytic antisera have been tested in the teaching laboratory 
of the Department of Hygiene. Each year student workers have produced 
antisera by intravenous, subcutaneous, and intraperitoneal inoculations of 
antigens prepared in different ways but rarely have these antisera been of high 
titer. This has been particularly true in case of hemolysin for use in the 
Kolmer standard Wassermann test. Tuft, Yagle and Rogers 1 having shown 
that intraeutaneous injection of typhoid vaccines produced the most satisfactory 
immunologic response, it was decided to employ this route for the administration 
of red blood cells or serum as suggested by Stat'sctli. 2 

Two rabbits received intraeutaneous inoculations of sheep serum and two 
received sheep red blood cells. The serum from none of these animals produced 
hemolysis to any appreciable degree. One of the rabbits which had received 
sheep cells was then given four inoculations of cells intravenously and the other 
six additional intraeutaneous injections of cells. Neither responded by any in- 
crease of hemolytic power. The two rabbits which had received sheep serum 
were given three intravenous inoculations of sheep cells five days after the last 
intraeutaneous inoculation of sheep serum, and both produced an unusually 
powerful hemolysin. 

In order to demonstrate whether this result was accidental, 16 rabbits were 
inoculated as follows : 5 intraeutaneous injections of sheep serum were given at 
forty-eight-liour intervals, the initial dose being 0.5 c.c. and the final 2.5 c.c.; 
after four days three intravenous injections of 1.0 c.c. of a 10 per cent suspension 
of sheep red blood cells were given at forty-eight-liour intervals. Eleven other 
rabbits received egg albumen in place of the sheep serum in order to determine 
whether or not a nonspecific protein stimulation would be as effective. None 
of the 11 produced serum which was hemolytic in a dilution above 1-8,000 and 
only two reacted so actively. 

Of the 16 rabbits 3 died before the last inoculation of cells was given, 2 
before any cell inoculations, and one after two serum inoculations. All of these 
animals were emaciated and had severe diarrhea. On autopsy they showed 


♦From the Department of Hygiene, University of California. 
Received for publication, May 25, 1933. 

Aided by a grant from the Board of Research of the University. 
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LIGHT FILTER FOR SUGAR DETERMINATIONS 

extensive fibrosis ol‘ the subcutaneous tissues in the thoracic or abdominal 
regions. There were no significant lesions at the site of the serum inoculations 
and no visceral lesions. It was suggested that this was a type of anaphylactic 
reaction. 

Of the 10 animals which survived the inoculations 7 had diarrhea and sub- 
cutaneous abscesses ventrally on the same side as the serum inoculation site. 
These animals were profoundly ill and all were bled to death on the fourth, 
fifth, or sixth day after the last inoculation. No area of fibrosis was seen in 
this group. Three of these animals produced serum which was hemolytic in a 
1-5,000 dilution; 2 in a 1-10,000; 3 in a 1-15,000; and 2 in a 1-35,000 dilution. 

It is hoped that some method of treating the serum will be evolved so that 
the reaction will be less severe and fewer animals will be lost. In spite of the 
high mortality the value of the method is apparent. In a series of 30 rabbits 
inoculated in 1925'- with sheep cells under varying conditions, only one re- 
sponded with a serum hemolytic in a dilution above 1-10,000. Since we have 
been pursuing these experiments, workers in the State Bacteriological Labora- 
tory have used the method with success though with a similar loss of animals. 

CONCLUSION 

The intraeutaneous inoculation of rabbits with sheep serum and the sub- 
sequent intravenous injection of sheep cells was followed by the production of 
hemolysin of unusual power. 
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1- Tuft, L., Yagle, E. II., and Rogers, S.: Comparative Study of the Antibody Response 
After Various Methods of Administration of Mixed Typhoid Vaccine, J. Infect. Dis. 
0 50: 98, 1932. 

— Stafseth, H. J.: On the Preparation of Hemolytic and Precipitating Sera, Science 76: 
414, 1932. 

Stowell, F. R., and Beattie, M. I.: A Comparison of Methods for the Production of Anti- 
sheep Hemolysin in Order to Determine the Day on Which the Highest Titer Is Ob- 
tained, Am. j. Hyg. 5: 1, 1925. 


A SIMPLE LIGHT FILTER FOR MICROBLOOD SUGAR 
DETERMINATIONS* 


J. W. Mull, Ph.D., Cleveland, Ohio 


TN A note on his microblood sugar methodf Folin states that for satisfactory 
results one should use a light filter that will give a uniform field when a 
solution of 0.2 per cent potassium ferricyanide set at 20 is matched against a 
uup 01 distilled water. A filter that will do this satisfactorily can easily be 
prepared by painting a rim of paraffin 2 to 3 mm. thick around the edges of a 
small section of an ordinary microscope slide. The cup so made is filled with a 
saturated solution of picric acid, the liquid covered with a cover slip, and the 

", 10 G Set 011 t!le e y e Piece of the colorimeter, where it does not interfere with 
Vi latcv er source of light is being used. 


•From the Laboratory of the Maternity HospitaL 
Received for publication, May 11 , 1933. 
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A SIMPLE ROTARY INOCULATING TABLE* 


Robb Spalding Spray, Pii.D., Morgantown, W. Va. 


/lECHANICAL devices have been frequently proposed and designed to 
■*■*1 facilitate dispersion of bacteria on agar plates for the purpose of surface 
colony isolation. These have been, for the most part, makeshifts, or are of com- 
plicated and expensive construction, involving the use of motor or other mechan- 
ical drives. 

The design here proposed has the advantage of simplicity and cheapness 
of construction, and can be made in any university or commercial machine 
shop. It consists of only* three parts : namely, a cast iron turntable, base plate, 
and a steel ball bearing. The table runs on a steel shaft turned to an oil tight 



fit in the base, and is supported on a steel ball bearing. With a touch of the 
finger the table spins rapidly or slowly for a minute or more, according to the 
impetus given. 

The table is provided with four holes into which small sticks may be in- 
serted to proti’ude about Vig inch to center the dish and prevent its slipping 
off center if turned at high speed. Or a disk of felt may be cemented onto 
the table which serves the same purpose. 

In use the solidified agar plates are centered on the table. A loop of cul- 
ture, from broth or agar, is placed in the center. The spreader, a triangulai 

•From the Department of Bacteriology, Medical School, The West Virginia University- 
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tap or glass rod bent to a right angle, * «»'«< “» « ‘ f : c ‘" “ adcl , 
The lid is lifted with the left hand just to allow the « „ 

and the table is span eountcreloekwisc w.th the 

confluent inoculation may l>c made according 0 e''pei ' - rapid, 

tiee eseellent colony distribution is effected. to P 10e stroke 

and the results much more uniform, than arc obta.ned b; the customary 

method. 


A METABOLISM CAGE FOR RATS* 


Kurt W. Franke. Pu.D., and W. Rovden Franke, 


Brookings, S. D. 


r FEE desire for a more economical cage, both from the standpoint ox the 
1 cost and space required, resulted in the design ot the cage unit l om m 
Fig. 1. This unit consists of 50 cages (25 to a side) and occupies a floor space 

24 by 44 inches. 



Fig. 1- 


The cage proper (Fig. 2) is made in three pieces, the two sides are of 
galvanized iron, and the bottom and ends are of one piece of screen. The 
screen used is a 2>A by 2>/ 2 mesh, No. 063 wire, galvanized after weaving. The 
24 inch width screen is eut into S inch pieces, and 1/2 inch is turned over on a 
forming block after notches have been cut where the ends turn up. The side 
pieces arc made of 24-gauge Armco galvanized iron and bent on a break as 
shown in the cross-section. These are then slipped onto the wire, the laps 

‘Communication No. l from the Department of Experiment Station Chemistry; South 
Dakota Experiment Station, Brookings. 

Received for publication. May 18* 1933. 
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clinched, and the corners soldered. It is best to clinch sides and solder \vh: 
the cage is on a form so they will he interchangeable and slide freely into ti 
hangers. 

An opening is made in the screen by spreading the wire for inserting 
drinking tube, the bottle being held by a wire ring. If desired an openii 



Figr. 3. 

may be cut for the Joy food cup, which can be soldered on. If the wire edge 
does not make an even finish, strips of sheet metal can be bent on a break and 
soldered on as in Fig. 1 ; 

Fi°\ 3 gives the dimensions and details for the construction of the stand 
which is made in two sections. When bolted together a sheet of galvanized iron 
is placed between, forming a solid back. 


KK.Y.VKE-K1CAXKE: METABOLISM FOk “ ATs5 


671 


inch bar form the vcr- 


Thc IV. bv lVi bv Via inch angle and l’A b\ .... 
inei /4 0 } 1 /l ”•> > ... ul /> „ive the detailed dimen- 

tieal supports and are welded last. 1 V- <5 - . r- . of 

sions for the middle sections, the top (C) varying from .this by thes * u ^ t ”“ ° 
an angle iron in front for the bar. The bottom section ( ( ) differs from the top ^b 
having this angle iron turned down, not requiring the angle and tees toi Han„ci 
It was found advantageous to make a form in which to place the ends and 
sides for welding. The % by 1 by Vs inch angle tor the hanger was then cu 
and spot welded. In order that the spacing be equal, templates of heavy 
sheet iron inches wide were laid, and the tee* ioi han^eis wcie we e 
place. As only a 1 by 1 by % inch tee iron could be obtained, the unequal leg was 
cut by a torch to *4 inch and ground smooth on an cmeij whee * 

The sections were then spaced 8% inches apart (this can be \aiie tepen 
ing on the height of tray used to catch feces and urine), and the supporting 
angles and bars welded in place. As will be noted in Fig. 1, a 1 inch pipe and 
coupling were welded in the angle iron legs, so that the casters with 1 me 
pipe thread sockets could he screwed into the couplings. 

Pieces of galvanized iron were cut and laid over the top and middle sec- 
tions to form the tops of the cages. On top of these, galvanized iion tiajs 
were slipped which, when filled with sawdust, catch the feces and absoib the 
urine. 

When the iron angle framework is painted with aluminum paint, the unit 
has a neat and sanitary appearance. 


List of material required for a unit : 

24 ft. PA x 1^4 x "/w inch angle 
76 ft. 1 x 1 x 7 i, ; inch angle 
15 ft. V-i X V-i x Vs inch angle 
30 ft. 1 x 1 x % inch tee 
17 ft. 1% x 71 ,; inch bar 
30 ft. 1 x "/ig inch bar 

200 sq. ft. 24 gauge galvanized Armc-o iron (cages and traysj 
50 sq. ft. 26 gauge galvanized iron (hack and tops of cages) 

75 sq. ft. 2 1 /, x 2*4 galvanized screen 
6 pounds solder 
6 ft. 1 inch iron pipe 
4 1 incli couplings 

1 set casters, 5x1 inch Rubberex wheels, 1 inch pipe thread socket. 


SUMMARY 

A cage unit occupying minimum of space, very easy to clean, and very 
mobile (can be moved to balance for the weighing of rats and food, or from 
room to room). 



A SIMPLE DEVICE TO BE USED IN CONNECTION WITH MICKO- 
KJELDAIIL DIGESTION PROCESS* 


Henry Petersiue, B.S., New York, N. Y. 


I T HAS been our experience that in the determination of the nonprotein 
nitrogen on the Folin-Wu blood filtrate by the micro-Kjeldahl method, the 
use of beads to prevent bumping of the liquid during the digestion has been 
unsatisfactory. The flame needs careful regulation and very often, in spite of 


"ML 



Heat 


gentle heating and constant attention, the determination may be lost through 
bumping out of the tube. 

The tube herein described has been used in the determination of the boil- 
ing points of small quantities of pure liquid. We have adapted it to the non- 
protein nitrogen determination. Its advantages are : 

•From the Pathological Department, Bronx Hospital. 

Received for publication, May 1, 1933. 

I am indebted to Dr. Joseph Felsen, Director, for encouragement in publication of a 
method. 
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PETEUSILIE : 


micuo-kjeldaiu 


J digestion process 


1. It prevents bumping. „n<wible the “eight 

2. It permits a uniform rate of boiling and makes possible 

minute” period for the digestion. . t t j. e same 

3. It needs no watching and many determinations may be run at the sa 

tiroo without fear of losing any of the mixtures. 

4. It may be used repeatedly. 

The device consists of a piece of Pyres glass tubing “JJ 

mm. in length and of 3 mm. inner diameter, (A), attached to J • *» ’ 

20 cm. in length, (B), and of the same diameter as (A). The seale lend o 
(A) is fused onto the glass rod, leaving the lower end open The dev 
inserted into the bottom of the micro-Kjeldahl tube containing the blood filtrate 
and the “acid digestion mixture.” Gentle heat is applied and after boiling has 
started, the digestion needs no attention until the final charring and color 
changes. The tube is not removed until after nesslenzation ; for some of t e 
liquid goes into the open end of (A) and its removal at this point wou intro 


duce a source of error. 

The evaporation of a liquid depends on heat transfer to the liquid through 
a solid containing wall. The rate of evaporation depends, among other factors, 
on the thickness of the film between the inner surface of the container and the 
liquid. This film offers the greatest resistance to heat transfer.* Superheating 
of the film causes sudden vaporization at the bottom of the liquid and bump- 
ing.” Smoothness and cleanliness of the solid surface are important factors in 


the coefficient of heat transfer. 

Tube “A,” in order to be effective, must rest in the bottom of the digestion 
tube. This contact compresses the film at that point and causes flashing at a 
lower temperature. “A” receives the vapor and issues it in a steady stream of 


small hubbies. 


Thus, this device is explained by vaporization at a lower temperature, 
superheating of only a small portion of the liquid film, and the convection of 
heat by the bubbles. 



DEPARTMENT OF REVIEWS AND ABSTRACTS 


Robert A. Ivh.dukfk, M.D., Abstkact Editor 


PREGNANCY, Hormone Diagnosis of Viability of, Spielman, F,, Goldberger, M. A., and 

Frank, R. T. J, A. At. A. 101: 200, 1933. 

Thirty-three pregnancy eases in which missed abortion was suspeeted or expected were 
studied from the hormonal aspect in order to determine the relationship between the female 
sex hormone of the blood and the prepituitary hormone of the urino on the one hand, and 
fetal life or death on the other. 

The Frank-Goldberger method was used in the blood studies, and either the Aschheun- 
Zondek or the Friedman test in the urine studies. 

A negative female sex hormone reaction was obtained when the fetus was dead (twenty- 
three eases) and a positive reaction when the fetus was alive (eight cases). The results here 
were 100 per cent correct. 

A negative pregnancy reaction was obtained when the fetus was dead in eleven cases, 
and ten eases gave positive reactions in spite of dead fetuses (approximately 50 per cent 
correct). 

The female sex hormone blood determination has proved itself in our small series an 
absolute indicator of whether a. fetus is alive or dead. The urine pregnancy test is of value 
only when the reaction is negative. 

The presence or absence of the hormones depends on the degree of involution of the 
placenta and its attachment to the uterine wall. 

PNEUMONIA, Significance of the Newly Classified Types of Pneumococci in Disease, 

Sutliff, W. D., and Finland, M. J. A. At. A. 101: 1289, 1933. 

This general survey of the incidence of twenty serologically specific strains of pneumo- 
cocci and of hemolytic streptococci, staphylococci and Friedlander bacilli in the pneumonia 
cases in a general hospital in an interepidemie period shows that each one of these organisms 
may cause the disease. The Tare type-specific pneumococci numbered from IV to XX are 
consistently present in the sputum and lesions in certain cases of lobar pneumonia and 
bronchopneumonia. The presence of such pneumococcus strains in the sputum of patients with 
pneumonia is a reliable indication of their presence in the lung. 

Exact etiologic diagnoses of pneumoeoccic pneumonia were made by the use of seventeen 
of the new typing serums, in a group of cases in which this has heretofore been impossible, 
amounting to 30 per cent of the total number of lobar pneumonia cases, and in 65.1 per cent 
of the relatively little understood and important group of bronchopneumonia and secondary 
pneumonia. 

The order of frequency of the six most frequent pueumonoecus types in pneumocoecie 
lobar pneumonia is as follows: I, II, III, VIII, V and VII, making together 84.1 per cent 
of the cases, and the order of frequency of the ten most frequent types in pneumocoecie 
bronchopneumonia is: III, VIET, XVIII, X, V, VII, XX, II, XI and XIV, making alto- 
gether 81.1 per cent of the cases. The six types most frequent in lobar pneumonia are a so 
those most frequent in the whole series and have been given more attention than the others. 

Certain individual characteristics of the pneumonias caused by the new pneumococcus 
types from IV to XX are brought out and compared with the better known r>l ,e s , 
and HI. The three most frequent of tho newer types are V, VII and VIII. Type A w ' es 
up 5 per cent of the total of pneumocoecie pneumonias or empyemas and causes either pneumoma 
or empyema in 90 per cent of the cases in which it is found and leads to purulent comp 
tions in 28 per cent of the pneumonia cases. Type V is associated with lobar pneumoi 
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t £ the eases, in which respect it resembles 
rather than bronchopneumonia in only 81 l'« ‘■ u j l 0 irr ‘ egu ,’ ar and without the usual pro- 

ponderance in middle life. Tvpe '• ‘ lltllt i ons in 11 per cent, a rather lug i pro 

percent of the eases hut leads to puru en c oci . ltcd with pneumonia or empyema m 

portion of these pneumonia eases. Type ‘ has a low mortality in lobar pneumonia, 

90 per cent of the cases in which it * L h onia mortality of 67 per cent, has a 

•23. S per cent, hut, owing to an a\cra n 1 

total mortality near the average. reification of this series of pneumonia 

The experience afforded by the ' ,aete "° °Jj!^ nt SC rologic strains of pneumococci and 
cases has indicated that the pneumonias no ...; p> v identifying such organisms 

due to other organisms may be ^te^iologic diagnoses and prognoses, the cpidemi- 

in everv ease, the clinician may mak . ‘ patient leading to the develop- 

ologist may unravel the factors affeeting ^“““hv^ian may apply the large amount of 
ment of atypical and secondarj pntu . • > - ^ q{ an(l protection from pneumo- 

information about pneumococcus type speeifiei > 
eoceic infections. 

, _ Strains in Immediate Family Con- 

PNEUMONIA, Epidemiology of. Prevalence of Sp 

tacts, Smillie, W. G. J. A. M. A. 101- 1281, 

, Tvni. T and Type II pneumococci were found 

In a study of over a thousand persons, Typ JP contacts of cases of lobar 

to be much more prevalent in the nasopharynx inimmedmtc family cont 

pneumonia due to the homologous m Jo XIX, inclusive, were just as prevalent 

The higher types of pneumococci yp contacts of cases of pneumonia due 

in the throat in the general population as in ‘ - yi an j XVIII. 

to these specific types. The types most frCq “ ent J in t he late slimmer months than in 

— - «— - - 

— — * « £ 
prevalence of any one specific type of pneumococci m contacts of pneumonia 

homologous ty-pe epide mics of family colds have some relationship to the 

prevalence the homologous types of pneumococci in contacts of lobar pneumonia due to 
Type I and Type II. 

LEUKOCYTES: An Unusual Hematologic Reaction to Neoarsphenamine, Rich, M. L. 
J. A. M. A. 101: 1223, 1933. 

In a case of acute thrombocytopenic purpura following an injection of neoarsphenamine, 
a smear taken three hours after the injection showed, in addition to the thrombocytopenia, 
the presence of numerous degenerated neutrophilic cells. There was also evidence of intense 
marrow stimulation. These conditions quickly disappeared. It is concluded that neoarsphen- 
amine at times has not only a toxic depressant action on the bone marrow but also a de- 
structive action on some of the circulating elements of the blood, and that the neutrophilic 
cells as well as the platelets are susceptible to its action. 


TUBERCLE BACILLI, Routine Culture of the Urine for, Seidman, L. R. J. Urol. 30: 2: 

195. 1933. 

This is a study of cultural methods in comparison with guinea-pig inoculation. The 
routine method used was as follows: 

Ten cubic centimeters of the suspected urine, collected by catheter, are transferred by 
pipette, under sterile precautions, to each of 2 centrifuge tubes, and centrifugalized at high 
speed for thirty-five to forty-five minutes. The clear supernatant fluid is then decanted, 
the sediment smeared on a clean new slide, and after fixation with heat, stained by Zielil- 
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Neelsen. If no acid-fast bacilli are found after careful search a guinea pig is inoculated 
subcutaneously in the groin, with an emulsion of the remaining sediment in 1.0 c.c. of normal 
saline. The guinea pigs are examined weekly for the development of a gross lesion at the 
site of inoculation, and enlarged inguinal nodes. When these become definite, the animal is 
killed, an autopsy performed, and the lesions examined for acid-fast bacilli. If gross lesions 
do not develop, guinea pigs are killed, and autopsies done two months after inoculation. 

All specimens, whether positive or negative, were cultured. 

From a study of 89 specimens from 45 eases the following conclusions were drawn: 

Eighty-nine specimens, from 45 cases, 81 of them bladder or kidney urine, were cultured. 
Tubercle bacilli were isolated from CO, or G7.4 per cent, of the specimens, and from 39, or 

86.0 per cent of the cases. In 14 of the positive cultures, no acid-fast bacilli had been seen 
in the direct smear of the concentrated sediment. From 14 specimens, in which acid-fast 
bacilli had been seen in the direct smear, no growth was obtained. In 15 specimens, in 
which both culture and direct smear were negative, the inoculated guinea pigs developed 
tuberculosis. 

Growth of tubercle bacilli was obtained on Corper’s crystal violet potato cylinder from 

54.0 per cent of the positive sediments, on Petroif 's coagulated egg medium (without gentian 
violet), from 69.1 per eent, and on Sweany’s milk meat infusion, egg and cream medium 
from 71.6 per cent. Corper’s potato is a more satisfactory medium than these results in- 
dicate. 

Five per cent oxalic acid, and 3 per cent sodium hydroxide proved better as digestants 
than 6 per cent sulphuric acid, both in the percentage of isolations, and in the average time 
required for the appearance of growth. All 3 reagents were equally efficient in destroying 
secondary contaminants. 

The shortest interval for the primary isolation of tubercle bacilli by culture was sixteen 
days. Growth was obtained within three weeks in 1S.3 per cent of the positive specimens, on 

7.0 per cent of the inoculated culture tubes. 

For the reasons discussed, guinea pig inoculation still appears to be superior to cultures 
for the diagnosis of tuberculosis in suspected cases. 

No avian strains of tubercle bacilli were recovered. Strains from 18 cases were of the 
human type, and the remainder showed the growth characters of the mammalian organisms. 


LUNG, Primary Carcinoma of, Hruby, A. J., and Sweany, H. C., Arch. Int. iled. 52: 497, 
1933. 

An epidemiologic and clinical study has been made of primary cancer of the lung, with 
reports of 13 cases, 12 of which were unquestionably primary iu the lungs and bronchi and 
1 primary in the ovary. There has been an approximately tenfold increase in the number ot 
cases of cancer of the lung coming to autopsy within tlio last forty years, and a twofold 
increase in the last ten years. There is no valid evidence, however, to prove an increase in the 
general incidence of the disease except where there is contact with radioactive dust (Schnee 
berg and Joachimstal miners). The increase that has occurred may be partly accounted for 
on the basis of (1) the increased life expectancy from forty-three to fifty-eight years in ap 
proximately the last half century; (2) a better knowledge of the causes of other pulmonarj 
diseases (e.g., tlio knowledge resulting from the discovery of the tubercle bacillus) ; (>’) 
better diagnostic equipment (x-ray apparatus, bronchoscope and similar equipment) ; (I) 
increased zeal on the part of the medical profession and laity (better hospitalization, better 
transportation and other factors); (5) a changed attitude on the part of the pathologists m 
recognizing as primary carcinomas tumors that were once called metastases and sarcomas. 
It is not justifiable therefore to claim an increase in cancer of the lung until all the unknown 
factors are studied (such as the relative number of cancers of the lung that occur in rura 

districts). , 

For a diagnosis, reliance should be placed on a gradually appearing cough (comm i 
in men past middle life), followed by a variable but constant pain, and expectoration oi 1 spu uni 
frequently streaked with blood, all of which may be accompanied with or followed by yspn 
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i • of weight symptoms due to pressure 
Other less common signs ore anorexia fever, °ss^ ^ ^ m ’ tast: ,scs. The physical signs 
(dysphagia and aphonia) and a vane > •- tumor> w ; t h limitation of motion of the 

reveal the presence of a gradually increasing, sounds distal to the bronchial 

**• * ■»«* « « «'«' «“ T1 " 

obstruction, hyperresonancc above, dullness, tumo r out from the hilus or along 

roentgenogram reveals a gradually progressing The en( ioscopic view reveals a 

a bronchus, and the growth may be diff use bronchos£opic sectiem generally clinches the 

“woody” or fixed brouclius, and stud} 

diagnosis - . . , ,, f reveal a scant or mucoid sputum, sometimes 

The laboratory examination should R tubercle bacilli. Later, tumor 

streaked with blood or tinted with liemog o nn, findings offer the only- 

cells should be found in the sputum or pleural fluid, birch y 

opportunity for permanent therapeutic aid. t0 distan t metastases from cancer 

A pertinent observation has been reeor P " , ow tb of the primary 

of the lung. They seem to depend on the rapidity and extent of the growth ot the p 

tumor into a pulmonary vein. 

UREA CLEARANCE, Test in Pregnancy, Cantarow, A., and Ricchiuti, G. 

52: 637, 1933. 

, made in thirty-nine cases of normal pregnancy 

Determinations of urea clearance were f ; lure complicating 

and in seven cases of chronic glomerulonephritis and one of myocardial 

TL ,.™,1 group, the »„ e.«.ru««e rota* ,a»g«a from =S to 18! p.r eon. of .ho 

average normal as established by Van Slyke and his associa e3. diminished as 

The urea clearance, which was normal in the first few months ^ ge^a m ^mmished as 
pregnancy progressed, being rather consistently low a few days before the onset labor. 

High values were obtained during the early days of the puerpera perm - metabolism 

It is suggested that these findings may be dependent on changes in tot metabo^m 
and protein metabolism, fetal development and alterations in the rate and volume of blood 

flow through the kidneys. . , . ,, 

It is further suggested that the laws governing the elimination of urea in the nonpreg- 
nant state, which form the basis of the mathematical calculation of the blood urea clearance, 
may not apply to the pregnant state because of the physiologic changes men lone . 

Subnormal clearance values obtained during the last two months of gestation must he 
interpreted with extreme caution, particularly iu the absence of clinical or laboratory evidence 
of renal dysfunction. 


CARCINOMA, Breast, The Bases for Histologic Grading of, Haagensen, C. D. Am. J. 

Cancer 19: 285, 1933. 

In a series of 164 cases of carcinoma of the breast, which was exceptionally advantageous 
for the study of the relationship of histologic structure to prognosis because o£ the remark- 
ably complete follow-up data and because of the superior quality and the large number of the 
histologic sections, a careful analysis has been made of the prognostic significance of fiiteen 
different histologic characteristics. Six of these characteristics have been found to have a prob- 
ablo relationship to the end-result of the treatment. These significant characteristics are, 
in fact, similar to those which Hansemann originally proposed for the determination of grade 
of anaplasia. The factors of fibrosis and lymphocytic infiltration, more recently stressed in 
tumor grading, have been, found to be without prognostic import. 

On the basis of these six significant histologic characteristics, it would appear that breast 
carcinomas can be classified into three grades of malignancy, in which the increasing grade 
of anaplasia parallels an increasing grade of malignancy as evidenced by the tendency of the 
tumor to metastasize and kill the patient at an early date. 

It should be remembered that prognosis based on this type of histological evidence can- 
not claim a mathematical accuracy. It should be regarded only as an approximation, and a 
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rough one at that. The phenomenon of malignancy which we are attempting to measure is a 
biological one, and docs not lend itself to exact measurement in mathematical terms. More- 
over, the extremes, that is the tirades I and III, should be given more weight than Grade 
II, the less definite middle class into which a great proportion of breast carcinomas fall. 

This knowledge gained from histologic grading should not he regarded as in any sense 
competing with the clinical data hearing on prognosis, to which it is, of course, subordinate 
in importance. Histologic grading should rather be considered as a new and additional form 
of information, as a modest but yet valuable increment to the knowledge of the disease. 

The histological characters above referred to as having prognostic significance are: 

1. Papillary character: origin in a cyst formed in a duct. 

2. Comedo character: origin mainly within duets, often with central necrosis. 

3. Adenoid arrangement of cells: A, marked; B, slight; C, absent. 

4. Variation in size and shape of nuclei: A, slight; B, moderate; C, marked. 

5. Number of mitoses: A, few; B, moderate number; C, numerous. 

G. Gelatinous degeneration. 


DIABETES MELLITTJS, Characteristics and Trends of Diabetes Mortality Throughout the 

World, Joslin, E. P., Dublin, L. I., and Marks, H. H. Am. J. M. Sc. 186: 734, 1033. 

Analysis of available mortality data on diabetes in this country and abroad during the 
present century brings out these main features. 

Diabetes as a cause of death has been rapidly growing in importance during the present 
century and is now one of the leading causes of death in this country. 

The mortality from diabetes in this country is higher than in other parts of the world. 

Diabetes death rates are increasing all over the world. 

Most of the deaths from diabetes occur after middle life. Among children and young 
adults, the mortality from the disease is low. It begins to loom largo about age forty and 
the rise in the death rates by age thereafter is rapid. 

Up to age thirty-five present death rates of males and females are little different, but 
after that age the rates of women are the higher. This excess of the female death rate in- 
creases with advancing age up to sixtv-five, when it is about twice that of males. 

The high diabetes mortality in this country, as compared to other countries is not lim- 
ited to one sex, but is found among both men and women. It is also found to exist at almost 
every age past thirty-five. 

The diabetes mortality among negroes in this country has been increasing at a more 
rapid rate than among whites, and is now not much lower than that of whites. 


SALMONELLA SUIPESTIEER, Infection in a Child, Haynes, E., and Meeks, L. T. Am. 

J. Dis. Child. 46: 1054, 1933. 

It is apparent from a review of the eases described in the literature and the one rt 
ported here that infection with S. suipestifer does not produce any one characteristic clinical 
picture. Most commonly the gastrointestinal tract has been attacked. The symptoms and 
signs when this occurs sometimes resemble those of so-called food poisoning, such as is f re 
quently caused by S. enteriditis ; sometimes they are like typhoid or paratyphoid fever, and, 
in one case reported, the disease resembled bacillary dysentery'. Next in frequency is ini oh e 
ment of the respiratory tract, where the infection may manifest itself as a bronchitis or as 
bronchopneumonia or lobar pneumonia. Symptoms referable to both the gastrointestinal an 
the respiratory tracts may occur together, as happened in the case reported. In addition to 
these more common manifestations, single examples have been reported of suppuratne 
arthritis, sudden deafness, inflammation of the soft tissues around the jaw, puerperal infee 
tion with pleural effusion, peripheral neuritis and infarcts of the kidneys. Since infection 
with S. suipestifer can apparently cause a considerable variety of clinical manifestations, i 
seems advisable that in the investigation of any case of obscure fever, especially those as 
sociated with gastrointestinal symptoms, bacteriologic studies should be carried out with par 
ticular reference to this organism. 
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CALCIUM AND PHOSPHORUS, Blood, Concentration of in Serum of Nonnal Children, 
Schoenthal, L, and Lurie, D. K. Am. J. Dis. Child. 46: 10, IS, UiX 

A study of the calcium and phosphorus of the blood serums of 250 normal ^ children 
from five to sixteen years of age was made. There was no change m the k ° of calem 
in relation to age. Phosphorus showed a significant decline, beginning with the , fiftee 
vear of life. This occurred to a more marked degree in the girls than in the uo> - 
‘ No clear-cut relation between the levels of calcium and phosphorus and growth was 

f ° Und The spontaneous variation of calcium and phosphorus was of the same magnitude as 

that seen after the ingestion of an ordinary breakfast. . 

Administration of viosterol in dosages of from 10 to 40 drops daily, or of 1 quart of 
milk, did not regularly increase the levels of calcium and phosphorus in t lose c n 


PERITONEAL INJECTIONS, Changes in the Composition of Pluids Injected Into the 

Peritoneal Cavity, Schlecter, A. J., Cary, M. K., Carpentieri, A. L., Darrow, D. . 

Am. J. Dis. Child. 46: 1015, 1933. 

The changes occurring in electrolytes of various solutions when injected into the 
peritoneal cavity of dogs and guinea pigs were studied. The following solutions were use . 
(1) 0.0 per cent sodium chloride; (2) a mixture of sodium chloride, sodium carbonate and 
potassium chloride resembling interstitial fluid; (3) Hartmann’s solution of sodium clilori e, 
potassium chloride, calcium chloride and sodium lactate and (4) 5 per cent dextrose solution. 

In each ease the solutions injected into the peritoneal cavity underwent alterations in 
electrolyte concentration which indicate that they tend to approach the composition of 
interstitial fluid. 

Electrolyte solutions were absorbed at an approximately constant rate, but the dextrose 
solution increased in volume before being absorbed. 

It is pointed out that isotonic dextrose solutions undergo such great alterations in con- 
centration and volume that subcutaneous or intraperitoneal injection probably is injurious 
to delicate tissues. 


B. TUBERCULOSIS, Inhibitory Effect of Normal Blood on. Growth of at Incubator Tem- 
perature, Corper, H. J., and Vidal, C. B. Am. Rev. Tuberc. 28: 878, 1933. 

The growtli of human and bovine tubercle bacilli on good media is inhibited by normal 
hlood from dogs or rabbits. This inhibition is more evident with small numbers of bacilli 
than it i s with large numbers and it is more evident on inspissated egg yolk than it is on 
potato. 

The effect is due to the development of toxic autolytic products from normal blood, and 
is absent when the blood lias been treated with one or two volumes of 6 per cent sulphuric 
acid for one-lialf to one hour at 37° C., which destroys the autolytic enzymes, followed by 
neutralization with isotonic sodium bicarbonate solution (or other nontoxie alkalies). Re- 
gardless of the treatment, however, accurate determination of the number of tubercle bacilli 
placed in blood is not possible by counting the colonies which this blood will yield on good 
media suited to growing small numbers of human and bovine tubercle bacilli from fine 
suspensions. 
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EDITORIAL 


, Sulphydryl and Cellular Multiplication 

J N A SEARCH for further knowledge concerning the causation of cancer a 
group of investigators in Philadelphia have made a most interesting and 
important observation concerning the manner in which living cells are stimu- 
lated to reproduce themselves. The bearing of this observation on cancer is 
obvious if we realize that cancer is a disease in which the living cells of the 
body take on the capability of multiplying unrestrainedly and at the expense 
of surrounding tissues and organs. However, the immediate practical result 
of the research turns out to be in an entirely different field of medicine. 

The investigation, conducted in the Research Institute of the Lankenau 
Hospital, was first directed to purely scientific attempts to study the division 
of living cells. The tissue that presented itself as being particularly appro- 
priate for this was the root tip of the common onion. After a long period of 
investigation it became apparent that if some sulphur compound were made 
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readily available in the fluid m " luc ^ lv - n tbe abse nce of a sulphur compound 
would multiply more rapidly. Com • - ^ the best sulphur compound 

reproduction was slowed down * r and hydr0g en f termed suf- 
fer this purpose was the combina m suspe cted that this might actually 

phydryl. Doctors Hammett and Beni P multiply, since it is 

be the compound which stimulates cells to divide 

present in all living tissues. , „ s tbe cause of cancer, and 

"While sulphydryl can in no way he oo^ ^P ^ ^ by the restriction 

as yet, no way seems clear to utilize t s “ f gome sub stance that would 

of sulphydryl in the food, or the *?“ 1 “ * tion o£ this knowledge in the pre- 
neutralize its effect), for the prac 1 P sent one forward step in our 

vention or cure of cancer, the knowledge does represent 

halting progress of the study of this ma a y. , containing a sul- 

It is most interesting that glutat^ lone ’ all an j m al tissues. Gluta- 

phydryl group in its chemical Pl „\ utamic acid, and glycine. The 

thione contains the amino acids cy * ^ most abundant in the liver, 
sulphydryl group occurs in cjste - 7 Ual structures, particularly 

an organ of unusual cellular activity and in epical ^ himan 

hair. It is highly concentrated m woo P of human hair, 

hair. It probably accounts m part t a ^ tbat gluta . 

But it is equally interesting that it ha rg in tities almost 

• thione, with its constituent cysteine, is pr 

as large as those found in the liver. „ , ,, - ni1 

Hammett and Reimann have shown not 
plant are stimulated by siffphydryl to repro^u ' ^ independen t 

tissue cells of man and the ll ^ Ce l " H l h Doetors V oegtliu and Chalkley, 
workers at the National Institute of H , stimulant for 

have demonstrated that glutathione serves equally well \l at 

reproduction of the ameba. The evidence appears to he *at 

sulphydryl or some compound containing sulphydryl does actually stmulat 
multiplication of any type of living cell no matter what its na ure. 

The immediate practical application of this knowledge has been m the treat- 
ment of cutaneous ulcers which have either failed to heal or are heali g y 
slowly under other methods of treatment. 

Reimann applied dressings soaked with sulphydryl compounded with glu- 
cose (thioglucose) in the treatment of indolent ulcers which had resisted other 
methods. He found that while the edges of the ulcer tended to heal due to 
proliferation of the adjacent skin, bacteria infecting the wound also multi- 
plied vigorously, apparently due to the sugar content of the thioglucose. He 
then changed his combination of sulphydryl, hitching it up chemically with an 
antiseptic, eresol, in the form of parathiocresol. He then achieved excellent 
healing. Later it was observed that glutathione itself would do as well. 

Brunsting and Sinionsen of the yiayo Clinic in an effort to find a substi- 
tute for the expensive glutathione discovered that cysteine itself was equally 
efficacious. They extracted cystine from human hair by hydrolysis and con- 
verted it into cysteine hydrochloride. This was used on the wet dressings ap- 
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plied to wounds. They found cysteine not only as efficient as thiocresol but 
less irritating to the adjacent skin and free from unpleasant penetrating odor 
of burnt rubber that is a feature of the latter. 

The cysteine treatment of bed sores, ulcers following burns, slowly healing 
carbuncles, ideers from injuries, ulcers from x-ray burns, scrofulous sinuses, 
and the like is materially improved. Skin grafts show a decidedly better 
“take.” In a series of 200 eases treated with cysteine, a decided stimulation tc 
healing due to the cysteine was observed in 50 per cent, while in an addi- 
tional 25 per cent, the beneficial effect was reported as promising. The cysteine 
treatment of ulcers is not a substitute but. an adjunct to the other well-estab- 
lished procedures. 

One can readily understand that sulphydryl compounds should not be 
used in the treatment of cancerous ulcers. 

It is interesting in connection with the practical application of our knowl- 
edge of the action of the sulphydryl group in the treatment of the skin, to 
realize that the skin and its appendages are naturally rich in sulphur and also 
that dermatologists have long used sulphur, thus unconsciously attempting to 
stimulate the tissues of the skin to greater activity. 

REFERENCES 

1. Hammett, F. S., and Iteimann, S. P.: Cell Proliferation: 1’esponse to Sulphydryl in 

Mammals, J. Exper. Med. 50: 445, 1929. 

2. Iteimann, S. P. : Use and Reasons for the Use of Thiocresol to Stimulate Wound Heal- 

ing, J. A. M. A. 94: 1309, 1930. 

3. Voegtlin, Varl, and Chalklcv, It. W. : The Chemistry of Cell Division. The Effect ot 

Glutathione on Cell Division in Amelia Proteus, Public Health Report 45: 3041, 
1930. 

4. Bruusting, Louis A., and Simonsen, Daisy G. : Cutaneous Ulcers Treated by the Sul- 

phydryl-Containing Amino Acid Cysteine, J. A. M. A. 101: 1937, 1933. 

— IF. T. V. 



The Journal of 
Laboratory and Clinical 
Medicine 



CLINICAL AND EXPERIMENTAL 

EFFECTS OB' LOW TEMPERATURE RETARDATION IN CULTU 

OF STERILE MAGGOTS FOR SURGICAL USE- 

Wm. Robinson, Ph.D, and S. W. Simmons, A.M., Washington, D. C. 

A LARGE number of laboratories, chiefly comectet Y' lth „ p k0 4 P1 !h^ , Ba 1 er 
A ^ engaged in the culture of blowfly maggots for use m the Ban 

method 1 of treatment of infected wounds. In the cultural process R is 
necessary to hold back the rapid development of certain immature stages a 
it appears to be customary to do this by means of low temperature. On 
to the widespread use of this method of retardation and to observations made 
in the Bureau of Entomology which indicated that this procedure has certain 
limitations, an investigation has been made of the general effects of such 
retardation upon the normal functions and mortality of aU stages held back 

in this way. A mechanical refrigerator running at from 40 to 43 F. nas 

used. This range was found to be low enough to retard development, and is 
probably accessible to most laboratories. Lucilia sericata, the species common- 
ly reared for the maggot treatment, was used m these experiments. 


THE EGG 

It is the usual practice to remove eggs from the fly cages in the afternoon 
and place them at once in cold storage for disinfection the next morning. It 
frequenty happens also that a surplus of eggs is laid and they are stored until 

•From the Division of Insects Affecting Man and Animals. United States Bureau of En- 
tomology. 

Kecvlvvd for publication. July 3. 1033. 
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needed. The length of time eggs may be retarded without injury, under 
various methods of storage, was tested in this series. 

Source of Eyys . — All eggs used were produced under uniform conditions of 
temperature, moisture and food. Also, since the age of the female affects the 
viability of her eggs, the females were used only during the first three weeks of 
oviposition. Eggs were taken within two hours of deposition. 

Methods of Storing. — (1) Eggs were left upon the meat and placed in 
covered Petri dishes. (2) Eggs were removed from the meat and placed in 
vials of water. (3) Eggs were removed from the meat and placed upon mois- 
tened cloth over a wet cotton pad in a covered Petri dish. 

Since the eggs are usually laid in masses and are difficult to count, the 
weight method 3 of determining number was used. Eggs were removed from 
storage at intervals up to 3 days and given a viability test. 3 

Effect of Aye of Egg upon Survival . — It soon became evident that the 
degree of development of the embryo at the time of storage of the egg was 
important (Table I). When eggs freshly laid and up to two hours of age were 

Table I 

Effect of Age of Ego Upon Survival in Cold Storage 


AGE WHEN 

STORED 

(HOURS) 

NUMBER 

OK EGGS 

USED 

NUMBER 

OU TESTS 

MADE 

SURVIVAL 
(PER CENT) 

0-2 

3,623 

6 


i - 3 

2,154 

3 


2-4 

3.13S 

6 


3 - 5 

2,000 

3 


4 - 6 

3,010 

5 



(Normal* hatch, 85 per cent) 


•The term "normal” used in each table refers to results when specimens are allowed to 
develop as checks in the ordinary fly cabinets without being stored. 

placed in storage for twenty hours, only 32.5 per cent of the normal hatch 
occurred, whereas eggs two to four hours old when stored produced 97 per 
cent of the normal hatch. Therefore, only eggs which had been laid two to 
four hours were used. They were obtained by removing the meat from the flv 
cages after two hours and keeping it in the warm incubator for the additional 
two hours before storage. 

Results . — Cold storage has a destructive effect upon the egg, as shown in 
Table II. Even the twenty-hour exposure, which is only slightly greatei 


Table II 

Length of Time Eggs Can Survive Cold Storage 


time IN 

STORAGE 

(HOURS) 

NUMBER 

OF TESTS 

MADE 

NUMBER 

OF EGGS 

USED 

SURVIVAL 
(PER CENT) 

20 

9 

2,603 

67.4 

2S 

9 

2,742 , 

66.5 

36 

q 


4S.3 

45 

9 

2,366 

40.1 

58 

9 

2,423 

1S.2 

72 

9 

1,489 

l.S 

(Normal hatch, 77 per cent) - 
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than the customary overnight storas ®’ of exposure, and after 
cent. The mortality was increased No difference -- 

three days’ storage almost the entne n of storage . Mortality was 

in effect was observed among the three si ^ tUe fly cages to the 

greatly increased when eggs were removed direct* 

refrigerator. 

the surgical maggot 
O'ving to the taegutatty 

frequently occurs. The expense o p therefore conducted to 

could be stored safely until needed. xpenm 1 ^ “surgical maggots” 

511 W0UlUlS and ab ° Ut 4 " 6 mm ’ 

insi ?, „, a ggo, s use, h, 

conditions as for use i^nds h bottles > from one to six days, 

were stored with some food > => toleraiiee of cold storage, it was 

requfred that tl«o^ he able not only to move when restored . the 

living when removed were placed upon raw beef to test feec m , P J\ ur „ ica i 
Results -A h.li rate of mortality occurs m cold storage of surreal 
maggots (Tabfe III). The last column shows that even when stored only one 


Table III 

Length or Time Surgical Maggots Gan Survive Cold Storage 


TIME IN 

STORAGE 

(DAYS) 

NUMBER OF 
EXPERI- 
MENTS 

MADE 

number of 

MAGGOTS 

USED 

number 

WHICH 

SURVIVED 

STORAGE 

NUMBER 

ABLE TO 

resume 

FEEDING 

SURVIVAL 
(PER CENT) 

i 

o 

3 

4 

0 

6 

7 

6 

6 

5 

4 

2 

3,00G 

2,764 

2,823 

2,183 

985 

448 

2,655 

1,650 

1,112 

781 

391 

55 

1,104 

922 

604 

397 

119 

7 

37.9 

33.3 

22.2 

18.2 

12.2 

1.5 


(Normal survival, 81 per cent) 


day less than 40 per cent were able to resume feeding. The mortality, increas- 
ing rapidly, amounted to almost 100 per cent in six days. Maggots reaied 
under the same conditions but not stored had a normal mortality of only 1J 
per cent. Death of surgical maggots under the usual method of cold stoiage 
is therefore very considerable. 

The fact that cold storage is very injurious to surgical maggots is evident 
not only in the number of maggots which were killed outright while in stoiage, 
but also in the inability of about one-half of the survivors to feed and con- 
tinue their development. These latter losses easily escape detection unless 
closely observed. Cold storage of surgical maggots should therefore be 
avoided. 



686 


THE JOURNAL OF IjABOUATOKY AND CLINICAL MEDICINE 


A Method of Avoiding Cold Storage of Surgical Maggots .- — The only time 
that storage of maggots is essential in the cultural technic as ordinarily 
practiced is during the sterility tests,- when the growth of the maggots is held 
back in the refrigerator for forty-eight hours. Such retardation of growth 
by low temperature, however, is no longer necessary as a food has been devised 
bj r one of us (S. W. S.) which prevents the maggots from growing too large 
during the sterility tests. This food permits only a slow rate of growth 
throughout the cultural period, but does not interfere with normal feeding of 
the maggots when implanted in the wound. It consists of 1 part of evaporated 
milk to 5 or 7 parts of water, to which is added 1.5 per cent plain agar. This 
mixture is cooked in a double boiler for about twenty-five minutes and 
approximately 15 c.c. is used in each food bottle. 

I'REPUl’A 

This stage is a convenient one for storing, as the larvae have already 
migrated from their food and are easily collected and handled. 

Method of Storing . — Prepupae were taken from the sand about thirty-six 
hours after migration and while they still resembled larvae. The containers 
used were the common oiled paper or fiber cans, half-pint size, which are 
readily obtainable. They are waterproof and have a fairly tight-fitting lid. 
About one inch of dry sand was placed in each container along with the 
specimens. If a much larger quantity of sand is used, it should previously be 
chilled to storage temperature, otherwise the prepupae tend to develop to the 
pupal stage before the sand is cooled. It is important to prevent such 
development, as pupae are much less tolerant of storage than prepupae, as 
will be shown in the next section. 

Loss of Weight During Storage . — Preliminary tests had shown that when 
no special precautions were taken to provide air-tightness in the containers, 
a noticeable loss of weight of prepupae occurred in storage. During the 
present experiments an investigation was made of the cause of shrinkage and 
methods of prevention.' Specimens were stored in the containers under three 
different degrees of air-tightness. (1) Container was sealed with adhesive 
tape around the edge of the lid. (2) Container was not sealed and the lid 
fitted in the ordinary manner. (3) Container was the same as No. 2 but had 
numerous pinholes in the lid. 

Each time specimens were removed from storage for survival tests, an 
equal number (twenty-four) were taken out and desiccated to constant weight at 
100° C. for determination of weight losses. 

Survival Tests . — Removals from storage were made at the intervals shown 
in Table V. The mere ability of prepupae to revive and move in the warm air ot 
the laboratory was not considered sufficient indication of survival. Development 
into adults and oviposition of viable eggs by the females were considered 
necessary parts of the test. Accordingly, each lot when removed from storage 
was placed in a rearing cage, and the necessary care was given up to oviposi- 
tion. 'When eggs -were laid a viability test 3 was made in each case. 

Besults. The percentage of water and solid losses under the three methods 
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of storage are given in Table IV. Loss of water began at the outset of stoiage 
and continued throughout the period. Specimens stored in the sealed containers 
lost the least in both water and solids. 

As to survival from storage, Table V shows that in two to four weeks no 
considerable mortality occurred, as 15 per cent is the normal death rate without 
storage. Holding beyond four weeks, however, caused a rather high death rate, 
and after nine weeks the mortality was 60 to 70 per cent. 

The lowest mortality always occurred in the sealed containers. Theie 
is therefore a correlation between death rate and loss of weight in storage. 
Apparently when the water content is decreased below 33 per cent the mor- 
tality becomes especially high. 


Table XV 

Effect of Method of Storage Upon Loss of Weight of Prepupae 


TIME IN 
STORAGE 

(days) 

PERFORATED CAP I 

ORDINARY CAP j 

SEALED 

CAP 

WATER 
(PER CENT 
LOSS) 

SOLID 
(PER CENT 
LOSS) 

WATER 
(PER CENT 
LOSS) 

solid 

(PERCENT 

LOSS) 

WATER 
(PEP. CENT 
LOSS) 

solid 

(PEP. CENT 
LOSS) 

7 

10.4 

0.2 

12.1 

0.2 

4.2 

0 

14 

14.7 

0.3 

1 15.6 

0.3 

9.8 

0 

21 

19.9 

0.4 

17.6 

0.3 

15.3 

0 

35 

24.8 

0.5 

23.9 

0.4 

22.1 

0.3 

49 

32.3 

0.7 

34.0 

0.8 

31.0 

0.7 

62 

38.2 

0.9 

38.5 

1.0 

36.6 

0.8 

76 

44.4 

1.9 

44.4 

1.9 

41.1 

1.1 

91 

46.4 

2.3 

48.3 

2.2 

42.1 

1.5 

103 

48.3 

2.3 

50.0 

2.3 

43.4 

1.8 


Another unfavorable aspect of cold storage of prepupae, which is not 
readily apparent, is the reduced egg-laying capacity of surviving females. 
In 9 colonies of flies which had been stored from three to four weeks as prepupae, 
it was found that the length of life of the flies was only one-half that of the 
preceding generations which had not been stored, and that the number of eggs 
laid was reduced to one-third of the normal. 


Table V 


Effect of Cold Storage Upon Prepupae 


time is storage 

(DAYS) 


per cent survival 


PERFORATED 

CAP 


ORDINARY 

CAP 


SEALED 

CAP 


16 

33 

-19 

62 

76 

91 

103 


8o.o 

67.8 

S3.5 

G0.5 

54.2 

66.6 

45.8 

45.8 

62.5 

29.1 

29.1 

37.5 

18.3 

24.1 


18.3 

19.1 

°n $ 

12.5 

8.3 

i2i 


(Normal survival, S5 per ceut) 


THE PUPA 


Pupae, being especially easy to handle and store, and 
<>r attention, constitute a very convenient stage for storm" 
> rcrjuently held in this stage. 


requiring no food 
Reserve stock is 
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Method of Storage . — The pupae were used when about thirty-six hours 
old. Tli 03 ' were placed in the same three types of containers as used for pre- 
pupae. The same standard tests for survival were also made. 

Results . — It soon became evident, however, that pupae could not be 
satisfactorily held over, as the 3 r were unable to endure even a moderate period 
of storage. After the second week the emergence fell to almost one-tliird 
of the normal, and most of the eggs which were laid failed to hatch (Table VI). 


Table VI 

Survival When- Stored as Pupae 


TIME IN STORAGE SURVIVAL 

(DAYS) (PER CENT) 

66.0 
37.5 
15.2 
11.1 
S.2 
2.7 

(Normal survival, SO per cent) 


7 

15 

22 

29 

30 
•13 


After three weeks of storage the females which emerged died at an early 
age and laid no eggs. The t 3 r pe of container appeared to have no effect upon 
the results obtained with pupae. 

SUMMARY' AND CONCLUSIONS 

In the production of surgical maggots it is customary to retard the rapid 
development of the immature stages by holding them in reserve under cold 
storage. An investigation has been made of the tolerance of the egg, surgical 
maggot, prepupa, and pupa to various periods of retardation. 

Eggs may be kept in a closed container in a refrigerator at 40° to 43° F- 
overnight and up to twentj'-eiglit hours with a mortalit)' only slightly greater 
than normal, but continued storage is very unfavorable, and in three days 
results in almost complete destruction. 

The age of the egg when stored affects the degree of injmy. The lowest 
mortality occurred when eggs were allowed to remain in the warm incubator- 
an additional two or three hours after removal from the fl) r cages before being 
stored. 

Surgical maggots cannot satisfa ctorilj' be kept in cold storage. After 
twenty-four hours’ retardation 011 I 3 ' 40 per cent were able to resume feeding, 
and in six days almost 100 per cent destruction occurred. A retarding food 
is described which eliminates the need of cold storage during the sterility 
tests. 

Prepupae are best adapted to cold storage, but even in this stage the 
possibilities are considerably limited. They lose weight and become shrunken 
during cold storage. This is mostly water loss. Least unfavorable results 
were obtained with a relatively air-tight container. In thirty-three days the 
mortality was from 33 to 46 per cent and in seven weeks it had increased to 
approximately 38 to 55 per cent, depending upon the method of storage. 
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However, when prepupae were stored from three to fom weeks the 
females which emerged were permanently injured and theii egg-lav in c capacity 


was much reduced. 

Pupae are unable to withstand even a moderate period of retardation. 
After the second week, mortality rose to about 66 per cent and most of the 
eggs subsequently laid failed to hatch. 

Low temperature retardation of the various stages in the life cj cle of the 
blowfly, although a convenience in cultural technic, causes such a high mor- 
tality that its use is considerably limited. It appears to be be.->t adapted to 
short storage periods or when the convenience of continued storage is sufficient 
to counterbalance the losses. 
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BACTERIUM MEL AN INOGENICUM® 


M. Shevky, A.B., C. Kohl, B.S., and M. S. Marshall, Ph.D. 
San Francisco, Calif. 


0 INGE the brief description of B. melaninogenicum by Oliver and Wberrv, 1 
in 1921, there have appeared several studies of this organism. Attention 
has been focused on the subject because of two established facts, that the 
organism produces an abundance of a dense black melanin-like pigment, and 
that it is found in a variety of situations in the human body, both normal and 
pathologic. Pulmonary abscess is only one of the various pathologic condi- 
tions in which the organism is frequently encountered, but it is an example 
of a number of processes in which the etiology is obscure, and in which the 
developed affection represents more than likely a complex secondary infec- 
tion. Since relatively little lias been reported on B. melaninogenicum, since it 
normally exists in various parts of the body and thus is present when oppor- 
tunity to invade exists, since it acts on blood substance, and since studies of 
pulmonary abscess here and elsewhere frequently revealed this organism in 
1 1 c abscess, the study of the type seemed to offer one of a number of pos- 
M e av ’o ,u ies of approach. 2 ’ 3 > *• 3 The possibility of primary invasion was 
open. Die potential role in infections in which the organism was a secondary 


California a " d thC Det>artment &f Surgery. University of 

uT'i' k 1 . f0r education. May 3. 1033. 
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invader seemed worth study. The concept of the etiology and development of 
pulmonary abscess has been considered elsewhere . 6 

The purpose of the present report is to indicate the biologic characteristics 
of B. melaninogenicum determined in the course of the investigation above 
mentioned. It will be apparent that no evidence has been observed which would 
lead one to suppose that this organism is a significant etiologic agent in what 
becomes a mixed infection, nor that it has any significant part in the complex 
changes which obtain in the developed focus. 

MORPHOLOGY 

The organism is generally described as a small coccobacillus, gram- 
negative, nonsporulating, and nonmotile. In smears directly prepared from 
clinical material it frequently appeared as an encapsulated diploeoccus (C. K.). 
In liquid medium pairs or clumps of the typical small cells appeal*, along with 
narrower rod forms and slender, slight]}* bent filaments, occasionally ten or 
more times the ordinary length. The organisms are somewhat larger and more 
definitely rodlike when grown on solid medium, and the morphology is more 
nearly constant. A considerable number of observations seem to indicate that 
the smaller rod forms take a bipolar stain or appear vacuolated. The cells 
are not acid-fast. Although measurements are likely to be misleading, those 
made on what was considered to be a normal or typical smear indicated a 
length of from 0.5 to 0.9 n and a width of from 0.3 to 0.5 /*■ for the small 
types. Larger forms of 0.6 by 1.4 fi were not uncommon and these dimen- 
sions are not maximum. 

Colonial morphology was not distinctive, except for pigment formation. 
Colonies appear smooth, shiny, moist, convex, and with an entire edge. Pig- 
ment varied from a light or deep coffee brown to jet black, and appeared 
microscopically to be accumulated densely at the center with a clear narrow 
surrounding zone. Moist colonies could be lifted off entirely, and older 
colonies were drier and disintegrated when touched with a loop. Hemolysis 
on blood agar was noted in pure cultures four to seven days old, at a 
point where growth was heavy or confluent. In mixed culture there appeared 
to be more marked hemolysis. Under good conditions, colonies attained a 
diameter of several millimeters. 

ISOLATION 

Clinical material from which this organism may be obtained frequently 
is usually heavily loaded witli a variety of organisms. As elsewhere reported, 
although initial growth is not difficult, isolation in pure culture is hazardous. 
Heart hormone agar, P H 7.4, with 5 per cent defibrinated rabbit blood, as 
suggested by Burdon, 7 was satisfactory, as were other media. Freshly poured 
moist plates, inoculated immediately, Avere found to be most favorable. Slants, 
naturally moister, Avere used very successfully in rapid Avork. Plating technic, 
Avitli repeated selection of colonies and transfer, Avas the only means foun 
for isolation, although less time-consuming procedures Avere sought. 
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Other media on which growth was secured were: 


1. Bordet-Gengou's medium. 

2. Blood clot digest agar. 

3. Yeal infusion agar with 5 per cent ralihit or human blood; 
blood and Q.2 per cent cystine or 1 per cent glucose. 

4. Brain broth with whole human blood; with human serum; 


with human serum; with 
with 30 per cent ascitic 


fluid. 

5. Dehydrated (Difco) brain agar ; with or without human whole blood or serum. 

6. Extract (“Standard Methods’’) agar with rabbit or human blood, rabbit serum 
(Ph 6.4). 

7. Liver hormone agar. 

8. Semisolid (0.2 or 0.3 per cent) agar, with blood, serum, or ascites. 

9. LoefHer’s medium. 

10. Beef heart broth with O.Oo or 0.1 e.c. whole blood per tube, or .10 per cent ascitic 
fluid; or without enrichment, with long established cultures. 


No growth was secured with brain broth or veal broth or with dehy- 
drated brain-heart broth (Difco) plus serum, blood, ascitic fluid, or adrenalin. 
Stimulating substances were not noted in experiments with autoclaved spu- 
tum, yeast filtrate, or carotin. In mixed cultures used in isolation a small 
amount of adrenalin 3 seemed to produce larger and moister colonies, although 
no effect was noted with pure cultures. 

Anaerobic conditions were necessary for isolation and growth, although 
the organism did not appear to be an absolutely strict anaerobe. The choice 
of method appears to depend on convenience. Hydrogen replacement (Boez), 
phosphorus jars (Yarney), deep shake tubes, Yeillon tubes, Fortner plates, 
Buchner tubes with pyrogallol, semisolid agar, deep brain broth tubes (en- 
riched), Wright’s tubes (and Petroff’s plates prepared as Wright’s tubes), 
and Krumwiede’s plate method, all were successfully used. 


SPECIMENS YIELDING B. MELANINOGENICUM 

The organism has been described as common in the normal mouth and ex- 
ternal genitalia, and in pathologic material from mixed infections. Isolations 
were made in the course of this study from the mouth, from a number of cases 
of pulmonary abscess, from seven uterine swabs, from one psoas abscess, from 
two ischiorectal abscesses, from one parotid abscess, from one submaxillary 
abscess, from one abscess following tooth extraction, from one open mastoid, 
from one colpotomy, from one liver abscess following perforation of gastric 
carcinoma, from one empyema, from one gunshot wound perforating the 
stomach, from one open leg ulcer, and from one perineum. Pigmented colo- 
nies were recognizable usually after four to twelve day's, with an average of 
six days and a maximum of twenty'-one days of incubation. 

GENERAL PHYSIOLOGY 

Tlle optimum temperature for growth appeared to be 37° C. Exposure to 
60 C. for ten minutes and longer rendered a seventy -two-liour broth culture 
nonviable. Heavy inoculations were found to be advisable for transfer, par- 
ticularly in shifting from solid to liquid medium. The organism sometimes 
developed slowly on primary growth, and thereafter required frequent trans- 
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ter until well established, as Burdon suggests. Intervals of six to ten 
c ays were successful, and viability was demonstrated after twenty-four days’ 
incubation m semisolid blood agar; after thirty-two to thirty-seven .days 
in brain 30 per cent ascitic fluid broth, but not after sixty days in the refrig- 
erator; and after twenty-eight days but not after six weeks when kept It 
i L. on solid medium. A very disagreeable odor of putrefaction was noted, 
somewhat cheesy with solid media, and butyric with liquid and semisolid 
amount of gas was observed in pure cultures in brain ascitic fluid broth and 
■ ^ eUUC "itli ascitic fluid), in which the odor was greatest. A small 
in beet heart blood broth one to three days after inoculation. 

. , . eil 1 Ue !!^ ti o, n ’ A ' 1 ^ 1 ae id and gas. was observed, after overcoming some 

mca c ifficiilhes, with dextrose. Sodium phosphate extract broth 1 en- 
ched with ascitic fluid or rabbit serum, proved satisfactory. Not all media 
eimen ^ a ^ 10u - Maltose, levulose, and mannite occasionally yielded acid 

' 1 , 0U 1 ° aS ’ SUCIOse > lactose, dextrin, and galactose were never observed to 

creak down. 


Using ZoBell’s method 9 no nitrate reduction was demonstrated; that is, 
t es s "eie negative and nitrate tests remained positive. Indol tests 
\ 10 P ° SI , n f‘ at * iei uniquely, brom cresol purple milk was acidified. It was 
so pep omze , as might be expected from proteolytic properties men- 
tioned by Burdon. Slight liquefaction of Loefller’s medium was noted, partial 
0 es ion o lain pai tides in brain broth, and slight blackening of beef heart 
1 ar ides m beef heart broth after three or four days. Liquefaction of gelatin 
nas no cemonstiated although repeated tests were made, a discrepancy with 

reported results. Using brain 30 per cent ascitic broth, the liberation of H.S 
was very marked. 


PIGMENT PRODUCTION 

m l ^ ie C ^ aiac ^ ei ^ s ^ lc intense black pigment appeared to arise solely from 
ooi su s ances. Repeatedly cultures produced pigment, on blood medium, 
s ns piopeity on medium without blood, although growing vigorously, 
e 0 aine it when leturned to a blood medium. In serum agar a late pro- 
c uction of a reddish brown pigment appeared. Ascitic fluid and adrenalin 
appeaie to be lacking in essential bases. Pigment appeared to be deposited 
a er tour or five days’ growth (earliest noted, forty-two hours) and the de- 
\ e opment of a i isible colony, first as a central brownish zone, later increasing 
to jet black and covering the whole colony. Bordet-Gengou’s medium 
seemed especially favorable to pigment production, but no substance found 
chemically more definite than blood seemed to furnish the key to its develop- 
ment. When washed off witli distilled water and dried on filter paper, it was 
found to be insoluble in distilled water, methyl alcohol, ether, chloroform, 
acetone, N/l HC1, dilute ammonia; partially soluble in 10 per cent KOH (yel- 
low solution, but pigment remained as granular masses), N/2 NaC0 3 , and 
N/l NaOH; soluble in acidified methyl alcohol (0.2 c.e. HC1 to 5 e.c.) and in 
glacial acetic aeid (pink color). Observations indicating that the pigment is 
toxic toward the organisms or that it is formed coincidentally with a toxic 
substance, were not convincing. 
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SEROLOGY 

■ Extensive serologic tests were not considered advisable **•*£•£ 
at hand; Agglutination tests, however, wet e pet oiin of sl|spensio „ s 

bits given 11 injections intravenously m antoun s 

as Ihgl, as 1 per cent. Antigen suspensions were made up to (h o pet e 
preserved with Merthiolate. Agglutination set-ups were mcub « ' 
at 56° C„ overnight at 37" C. and on ice for twenty-tour lion “ 

remained negative, and titers reached 1 ^280 ” ”amdar ’rather than 

flocculant. In support of this definite agglutination reaction a 
collection of strains was brought together and te.stec agains -P 

serum. Although the titers were not equally high with a s rainh ’ 

no reason to postulate the existence of a wide variety of serologically lieteio- 
geneous strains. 


pathogenicity 


B. melaninogenicum was used, both in pure cultures and in mixed cul- 
tures, in experimental work on pulmonary abscess, the xesu ts o « 11C1 W1 
reported elsewhere (Stevens and Shevky). No evidence was found that this 
organism had any invasive capacity, however, which is consis en W1 
observations mentioned herein. Burdon found 7 with one strain an extensive 
cutaneous gangrene following subcutaneous inoculation, without septicemia, 
but with death in forty-eight hours. Most of the meagei evidence a\ai a e 
indicates a lack of pathogenicity. 

Control cheeks were not extensive. Three each of rabbits, guinea pigs, 
rats, and mice were cultured around the gingival margins, and B. melanmo- 
geniciim was found in one rabbit. Baeteriologic studies of experimentally 
inoculated animals did not lead one to suspect that the oiganism was particu 


larly common as a commensal in local stoek animals. 

Attempts to produce evidence of necrotizing properties by intracutaneous 
inoculation resulted in very minor or negative reactions. A suspension of 
organisms washed from a blood agar slant incubated fourteen days was 
matched with a 0.25 per cent typhoid bacillus antigen. The culture used origi- 
nated from pulmonary abscess material seven weeks previously. Two series 
of three animals each of rabbits, guinea pigs, rats, and mice were used. Saline 
washings from blood agar slants were used as controls. The inoculum was 
0.1 c.c. Consistent observation revealed several slight nodules or slight in- 
flammation, but even these were insignificantly more marked than control 
reactions. 


Attempts to induce invasion by intraperitoneal injection were performed 
with cultures from five to eight days old. Two series of 12 animals each, as 
m intracutaneous experiments, were used. Both blood agar and brain as- 
citic fluid broth cultures were used, with heavy inoculations (rabbits 5 and 
10 c.c. j guinea pigs 3 and 5 c.c.; rats 3 c.e. ; mice 1 e.e.) of standard suspen- 
sion. Emulsions heated at 60° C. for two hours were used as controls. Ob- 
servation was carried up to forty days. There appeared to be no evidence of 
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any kind, symptomatic, pathologic, or bacteriologic, of localization and mul- 
tiplication of the organism. Since one series was carried through with densely 
pigmented growth and the other (broth culture) with no evidence of pigment, 
this property did not seem to be a factor in pathogenicity. 

Intravenous inoculation of rabbits with large doses of both young and 
old cultures, variously made up, resulted in iio abnormal temperatures or loss 
of weight, and the animals were continued with large repeated doses to de- 
velop an antiserum without apparent effect on their health. After final bleed- 
ing, autopsy revealed no significant changes, and cultures from the knee joint, 
the shoulder joint, right and left lobes of the lungs, liver, and spleen re- 
mained negative. 

Attempts were made to introduce the organism directly into pulmonary 
tissue. Suspensions of young cultures were used, matched to both 1 and 2 per 
cent typhoid antigen. Quantities of 0.1 c.c. (rabbit), 0.0S c.c. (guinea pig), 
and 0.04 c.c. (mouse) were used in each series. The animals gained in weight 
and showed no abnormal temperatures during a month of observation. Au- 
topsy- revealed normal organs and negative cultures. 

Intracerebral inoculations were given two series of animals, three guinea 
pigs and seven mice in the first, and four guinea pigs and two mice in the sec- 
ond. The animals were young, and several strains of young cultures were 
tried. Although maximum doses were used, there was no sign of any reaction 
whatever in any animal during a twenty-one-day period of observation. One 
mouse sacrificed in forty-eight hours yielded negative brain cultures. 


summary 

B. melaninogenicum appears to be common as a commensal and on surfaces 
normally or pathologically having a mixed flora. Detailed study suggests 
that this organism conforms to single type and is not one of a group of bio- 
chemically, morphologically, or serologically different types. All attempts, 
however, to show that it had any significance as a primaiy or secondary in- 
vader in mixed infections gave negative results, so far as clinical evidence 
or attempts in experimental animal infection could be correlated. 
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J.UIES C. S*al., Pn.uADEum.A, PA. 

• -i .„.,t of attention during the past 

rjHEUMATIC fever has received a gi . q1 prophylaxis, and treat- 

i\. decade but the problems of 1 s sp 0 f "hypothesis. This serves to 

ment have scarcely advanced e> on “ from that engendered by t ie 

establish special interest in the indust rial aspects. One theory re- 

vastness of its humanitarian, social, a are in so me manner con- 

garding its specific etiology tlie manner in which they act, and 

cerned as the causative agents. C ° e j s a wide divergence of 

the strain or strains which are responsible, there 

opbion - , rheumatic carditis will be limited to 

This discussion of the tre * “ * tococci administered by injection after 

the use of aqueous extracts of • P relatively new system of dosage 

the manner of vaccines. It will introduce a ie a tnety^ ^ ^ ^ ^ by 

of bacterial products which has been ei a j ° t q e treatment of pa- 

means of applying aqueous extracts of streptococci 

tients suffering from chronic atropine ai and atrophic or rheumatoid 

The relationship between rhe concerns it is, that both groups 

arthritis is aside from this discussion. ^ qq ds j s a marked re- 

of patients present at least one featuie m e der i V atives adminis- 

activity, or hypersensitiveness to strep designated “hyperergy” by 

tered parenterally. This chaxact h „ rheumatic state.” Many types of 
Swift . 1 It is an outstanding feature existence of this hyper- 

streptococci have been used in demonstia ng study in" the reactions 

sensitiveness, so that the type of s.rept.eoeens used » s,«a yt» t t _ t 

tvi.it — 

The reactions excited in Mthritm by teSreHl this byper- 

activation of lesions in the joints which are so '> *“* “ 

permit direct observation of objective symptoms, lrial dosa.e P 

a severe reaction does not endanger life even thongh ,t « »«•“- 
erably the patient's diseomfort. On the other hand the patient ruth then 
matic fever presents reactions in the heart as well as m t ie 301 ■ • 

this reason cannot safely be treated with overdosage. After dosage and cer- 
tain principles in the treatment of tlie hypersensitiveness of atropine arthritis 
had been established, it was a relatively simple matter to apply them 111 t ie 
treatment of similar hypersensitiveness characterizing rheumatic carditis. 


•Received for publication. April 13, 1933. 
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DOSAGE OF THE EXTRACTS OF STREPTOCOCCI 

The degree of this hypersensitiveness of the “rheumatic state” was deter- 
mined by responses of patients with atropic arthritis to minute doses of aque- 
ous extracts of streptococci. Throughout this study a saline extract of strep- 
tococcus eardioarthritidis was used under the designation of a soluble anti- 
gen.* 

This product is prepared by suspending the streptococci in normal saline 
as in a vaccine. The concentration is relatively weak, being 100 millions per 
cubic centimeter. After seven days in a refrigerator, the bacteria are removed 
by filtration. The water clear menstruum containing the extractives is the 
undiluted soluble antigen. A series of sixteen dilutions of this are made, each 
successive one being one-tenth the strength of the last. The dilutions are con- 
veniently designated as follows: 10' 1 ; 10'-; 10'" and so on up to 10' 16 . A 
series of twelve dilutions only, beginning with 10' 5 , and ending with 10' 16 is 
used in treatment of arthritis, but only the last three, namely, 10' 14 ; 10 -1 ° ; 
and 10' 10 are suggested in rheumatic carditis. 

CHARACTERS OF THE REACTIONS 

The reactions excited in this form of therapy are nothing more than ag- 
gravations of existing symptoms. They do not introduce new symptoms such 
as chills, high temperatures, etc., as are common in foreign protein therapy 
and which appear less frequently with the customary large doses of vaccines. 
They are triphasic but the triphasic character is brought out only by moderate 
overdosage. These three phases have been designated 5 “primary reaction, 
“period of euphoria” and “secondary reaction.” They have also been ob- 
served by Crowe 3 in his work with small doses of vaccine. He calls them ‘ re- 
action,” “response,” and “relapse.” 

Proper dosage for the patient is followed by a period of euphoria begin- 
ning immediately upon the absorption of the antigen and lasting for a van- 
able period of days (Chart 1). The outstanding features of this are relief of 
pain, buoyancy of spirits, and general stimulation. The euphoria terminates 
in the secondary reaction or “relapse,” as Warren Crowe has more aptl} 
named it. Administration of another suitable dose during the secondary re- 
action promptly terminates it by instituting another period of euphoria. 

The primary reaction with moderate overdosage appears within the hi-d 
twenty-four to forty-eight hours. It is usually followed by a period of eupho- 
ria which in turn terminates in the secondary reaction. It is a curious fact 
that further increases up to what may be termed gross overdosage do not pio- 
portionately increase the severity of the symptoms but rather tend to P r0 
duce less stormy primary reactions which are delayed in their onset and P 1 ^ 
longed in their course. These are referred to as “delayed primary reactions. 
They are not followed by periods of euphoria. 

The delayed primary reaction begins forty-eight hours or more aftei. an 
injection. During this interval no change is noted in the patient s climea 

•The soluble antigen used in this study has been supplied through the courtesj of Sha p 
and Dohme, Philadelphia, Pa. 
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condition. It comes on gradually with symptoms which are of a general char- 
acter rather than focal; e.g. y malaise, lassitude, and geneiahzec ac nn 0 . 
tends to be prolonged. Administration of another injection maintains the 
symptoms. 


sjfiTrir .-: i 



,, , Chart 1.— In this diagrammatic chart the average level of the patient’s symptoms is in- 
dicated by the solid lines at levels 1 u, 10 u, 100 u and 1000 u. The swing of the symptoms 
above or below this level is represented by the hatched lines. Suitable, or unit dosage 
the extractives of streptococci is indicated at 1 u, and excessive dosages at 10 u, 100 u and 
vm u. The different reaction phases and their relations to the time of injection are illustrated. 



fellowin^nl^?^ le , ve A 3 A ? na B represented the zones of reaction of different patients 
*ones ufmncte nr * he “‘^fHves of streptococci At levels A’ and S' the shifting of these 
‘ an ses or stronger dilutions is shown. 


1 lie secondary reaction follows a period of euphoria, usually of more than 
orty-cight hours’ duration, during which there had been a well-marked im- 
provement m the patient’s clinical condition. It comes on abruptly with synip- 
'hus winch are largely focal in type; e.g., increased pain, swelling, and red- 
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ness about the involved joints. It is terminated promptly by repeating the 
injection of the antigen. 

ZONAL CHARACTER REACTIONS 

The reactions are limited to a certain definite -range of dosage. The ad- 
ministration of amounts below or above this range is not followed by reac- 
tions. This range varies for different individuals, and it shifts to stronger 
dilutions as treatment is continued in a given patient (Chart 2). This zonal 
character of the reactions is a very unusual phenomenon. Its recognition has 
great practical importance in adjusting dosage as will appear later under the 
discussion of the principles in the applications of treatment. 

DISCUSSION 

The extreme dilution of these extracts at first appears to be an absurdity. 
Experience over the period of years, during which repeated checks with 
blank solutions carrying only the saline and the traces of preservative used 
in extracts, have shown that contact with the streptococci imparts something 
not present in the blanks, which is potent in inducing reactions in arthritis 
even in these dilutions. The dilutions were arrived at gradually through 
trials of them in arthritis proceeding from the stronger ones down through 
the weaker ones. The guiding purpose was that of obtaining dilutions so weak 
that when convenient amounts were administered to patients with arthritis, 
no activation of the joints would follow. Encouragement was had from the 
fact that as the reactions were avoided, clinical improvement became more 
constant and more pronounced. 

Another advantage of these minute dosages developed as the work pro- 
gressed. They appear to act in the direction of desensitization only, perhaps 
because they are too small to increase the patient's reactivity. There is no 
need therefore to resort to intravenous injection as a precaution against this. 
This is a decided advantage over vaccines which even in small doses are prone 
when injected subcutaneously to reverse the process thereby increasing the 
patient 's reactivity. 

These doses are smaller than any yet used in biologic therapy. The ueai- 
est approach to them are those of tuberculin therapy. Others have used small 
doses of vaccines of streptococci in treatment of arthritis, but they can 
scarcely be compared with the ones used in this work. Warren Crowe, 3 who 
has been using polyvalent vaccines of streptococci in arthritis for some twenty 
years, lias arrived at a minimal dosage of 100 (only) microorganisms, and sel- 
dom goes above a dosage of 10 millions. Burbank 1 states that some patients 
require initial doses of 50 (only) bacteria of polyvalent streptococcus vac 
cines. Each of these workers as experience was gained, has been reducing 
dosage. 

PRINCIPLES IN THE APPLICATION OP THIS THERAPY 

In contrast with treatment of foreign protein “shock" therapy, reactions 
must be avoided in this therapy if results are to be obtained. At. all times o 



SM AIiIj '• 


IIIIKUM A'l'lU CAHIIITIS 


(If)!) 


-a ^ 0 r^3.'rrn:J 1 ;La'"a..^"n i wm::u 

treatment. Since • Amw «>ny “ J qUU !i(icd by Hinting Unit <lowig« 

reactions occur, tins prmcipb, ■ ( | ( . t <., -mined only by trial 

must bu m,,w timt f,,ii r hy n ";: Lt i».« ».«. ^.miy 

i„ the individual case, beginning with • n(1 ,. ( | () sngc, hIioiiUI bo 

crcasiaK dosage until u mild n-uct. ( **‘ "W 1 UH(; <|f (loHC . M within tl.o 

decreased slightly lor best results. . . , i a | )()V (j 

«mc „l m, oiU.ns n B «r»v»U- llu- 1 »li«»e« My 1 “ 7*=”' ‘ v M , . ,w 

litis mill 1 , within (ji’Ha'm limits In inlln, lit.- .H— *•'/ 

way or the other. . . . , , , .. ,i 

Till, principln in. tU.nl. ,!,.».«« » '— > | “ 

imemenl rnnnl In. I ui«>" ">•' i'J „,-'.-io!i 

The optimum due, go in 11ml. aimmnl 'vim, li IH ioliow-d by ” 0 " . . 

at emphorie. An a, a, mat wliinl. la Wlnwial by a imnoil nl ™l>l,o 1 mt, 

more than five days is regarded as satis! aetory eaily m a 10,11 H< o 
If the euphoric periods are shorter than five days tin ( osa^i s um < 
creased fractionally. The periods of euphoria tend to grow shorte. imdu 
constant dosage during a course of treatment. When tns oi.uus, 
tutes an indication for increasing dosage. 

A third principle may be slated, fnerease dosage only when tho r«P« '«■ 
lion of fixed amounts is followed by a sl.ortening of tho periods ot cup or a. 
The periods of euphoria terminate in the secondary 1 (-action. ><• 'MM*' 
of this hitter indicates that more antigen must be administu < ( sinu. ic ,l M( 
fits derived from the last, injection are at an end. latter in the course ol treu - 
meat, as dosage is gradually built up the periods of euphoria lengthen, and 
secondary reactions grow milder. Finally the secondary reactions I ail to 
appear as the arthritic process becomes quiescent. 

The chief difficulty arising in practice is that of differentiating the de- 
layed primary reaction of gross overdosage from the secondary or relapse 
reaction which calls for a repetition of the (lose. One must rely on the symp- 
toms presented in attempting to differentiate between the two reactions. It 
uncertain, the course of events following a repetition ol the dosage usually 
suffices to clear up the doubt. Relief follows the repetition of dosage in tiie 
case of H secondary reaction and fails to do so in ease ot the delayed piinuuy 


reaction. 


1‘UKSKNTATION OP SKI.ECTKI) CASKS OP ItUKUMATIO OAltDITIH 


With this information fairly well correlated and upon u background of 
experience in favorably influencing the “rheumatic state as evidenced in 
arthritis, the problem of influencing in a Similar maiiner the rheumatic 
state.” as seen in rheumatic fever lias been approached by practically identical 
methods or practice. To present this work, a small group of 13 patients has 
been selected. These were chosen not because they demonstrate the most 
favorable results with this therapy but rather to illustrate certain errors which 
were made because of premature attempts to apply the method in rheumatic 
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conditions during the course of its development in arthritis. Thereby the 
parallelism between its applications in the two conditions can best be demon- 
strated. i\Iore recently all except one of these have received the benefits of 
dosage more properly adjusted to their needs. The observations on ten of 
them have extended over periods ranging from two to more 'than, five years. 
The remaining three have been observed for less than a year, and serve to 
illustrate the results with the present methods. In three patients acute exacer- 
bations followed injections of the larger doses which were employed from two 
and a half to four years ago. These followed an injection closely enough to 
suggest that they represented the primary type of reaction. Acute exacerba- 
tions have not occurred with dilutions of the soluble antigen weaker than' 
10" 11 . They have also been absent as a spontaneous occurrence in patients 
treated by the weaker dilutions during the past two and a half years. In 
Table I are presented the summary of the outstanding clinical manifestations, 
the range of dosage used, and the results in each of the thirteen patients. Four 
(J. G., E. H., J. J., and T. Iv.) were seen first in acute attacks of rheumatic 
fever, or chorea, and treatment with the soluble antigen of streptococcus 
cardioarthritidis was begun with the passing of the acute symptoms. Six 
(E. TL, K. N., S. IV., \V. K., A. L., and J. B.) were seen first during convales- 
cence from a febrile attack of rheumatic fever or chorea. Three (E. JIcC., 
M. C., and M. L.) presented long-standing rheumatic disease of the heart, 
which was still active. Two of these had had no acute attacks of rheumatic 
fever or chorea. The other had two attacks of chorea and three of rheumatic 
fever. Only two patients were seen in their initial attack of rheumatic fever. 
The others, with the exceptions mentioned above, had had multiple attacks of 
rheumatic fever, or chorea. Eight of the patients were children with ages 
ranging from three years to thirteen. Three patients had active chorea when 
first seen, two had subcutaneous nodules, and another had a history of them 
with a previous attack of rheumatic fever. Three had pericarditis. One had 
acute iritis accompanying rheumatic fever with pancarditis. All had valvulai 
cardiac lesions. 


The range of dosage of the soluble antigen of streptococcus cardioarthritidis 
is charted opposite each patient's record in Table I. It will be seen that in 
the earlier applications of this antigen the doses were larger and that latei 
ones were smaller. Three patients developed acute exacerbations and foui 
others exhibited mild reactions to individual injections. All of these weie 
among the earlier cases and all with the larger doses employed at the time. 
One of these patients died of cardiac failure in an acute exacerbation of P al1 
carditis, the remaining six patients responded favorably when doses were 
reduced below the zone of reactions and have remained quiescent since. 


The ease (J. G.) is of interest because only mild reactions followed -large 
individual doses, and the acute exacerbation occurred while dosage was being 
reduced. It represents an instance of tolerance to large doses and the euteiiUc 
of the zone of reaction from above. The other instances of acute exaeeiba 
tions and of mild reactions to individual doses occurred while dosage was 
being increased. They are examples of entering the zone of reaction from be ow. 




KEy OF S/M.BOLS Zone OF iyo REACTIONS, 

t ■■ iow OF MILD REACTIONS 
III ACUTE EXACERBATIONS. 
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Patient J. J. is also worthy of special note since she was treated by re- 
peated courses of injections of dilutions 10 ~ a and 10~' J during a period of two 
years without noteworthy effect on a persistent chorea of low grade. When 
dosage was dropped to the 10~ 1B and 10* 13 range, the choreic symptoms disap- 
peared and improvement in the general condition became evident after a 
few' w'eelrs. 

In order to present more in detail the methods of this treatment Tables 
II and III are included. 

Table II 


K. X., Aged Eleven Years, Aug. 11, 1030. Diagnosis: Conv. Kueusiatic Eever and 
Pericarditis, Rheumatic Carditis, Mitral Regurgitation 


DATE 

1 

\? T . 

PULSE 

HO 

w.u.e. 

SED. 

K.B.C. 

OP. 
IN IX 

DOSAGE 

S.C.A. ANT. 

REMARKS 

8/11/30 ! 

57 

120 

70 

10,700 

36 

0.9 

0.1 10-i= 

Treated in ofike. Rest in bed 

: 








all day 

8/1S/30 ! 

60 

92 





0.3 


8/28/30 

051 

90 ! 





0.1 10-11 


9/ 1/30 

671 

90 





0.3 

Oxi 9/9/ relapse. Temp. 103°; 

9/12/30 


105 





0.1 

pulse 102; dil. heart. 9/13/ 

9/17/30 

: 

105 





0.1 

norm, temp.; much improved 

9/21/80 

II 

90 





0.1 

Confined to bed 

10/ 2/30 

l 

90 




0.8 

0.1 


10/ 9/30 

691 

81 





0.1 

Patient returns to ofike 

10/10/30 

701 

so 

70 

: 

12 

0.7 

0.1 10-i= 


10/23/30 

71} 

81 

; 


j 


0.1 

Rest in bed greater part of day 

10/30/30 

1 73 

96 

70 


13 

0.7 

0.1 10-11 ! 


11/ 0/30 

[ 711 

80 





0.1 


11/13/30 

i 73 

96 

70 


11 

0.8 

0.05 


11/20/30 

72} 

92 





0.05 

Out of bed. Restricted active 








1 

ties 

11/26/30 

72} 

71 

SO 


1 27 

1.0 

0.05 


12/ 1/30 

73} 

71 





0.05 


12/11/30 

75} 

78 



I IS 

TOM 

0.05 


12/18/30 ! 

761 

78 

80 ! 

12,000 



0.05 


12/29/30 ! 

78 

72 


9,500 

II 

m 

0.1 


1/ 8/31 ! 

78} 1 

81 


i 



0.1 


1/15/31 1 

78} 1 

78 





0.1 


1/22/31 1 

791 ! 

81 





0.1 


1/29/31 

79} 

78 

, Go 


11 

0.9 

0.1 

Returned to school second half 









year Week interval and dos- 

j 








ago continued, unchanged 

1/11/31 

SOI 

78 

80 


12 

1.6 

0.1 

Week interval and dosage ad- 


' 







vanced to 0.15 c.c. 10- 14 

5/16/31 

81} 1 

78 

80 


15 

0.9 

0.15 

14 day interval began dosage 









0.15 c.c. 10' 1U 

7/ 7/31 

821 

78 


7,300 


0.8 

0.2 

21 day interval dosage 2 to 

1 








c.c. lO-ii 

1/ S/32 ! 

861 

72 



8 

EH 

0.3 

28 day interval dosage 0.3 e.u 









10-n 

11/ 1/32 

1011 

72 



12 

I 

0.1 

Dosage increased 

12/ 9/32 

101 

72 




KBH 

0.5 

Dosage increased * 


In Table II are tabulated the dosage, intervals between treatments, cei 
tain clinical and laboratory data in the case of K. N. who show'ed a relapse 
under treatment when dosages w'ere being increased rapidly. While a gai» 
in body -weight and a decrease in pulse rate occurred from the first, a de un e 
tendency to quiescenec of the rheumatic carditis did not appear until tn 













SMAU' 


ItllllUMATH- CABUITIS 


. . . dilution. Amounts of 0.05 e.c. 

dosa-'e was dropped from 10 dilution furt \ u . r experience, still too ‘ ir °® 

t „i c,. . E a,e .atter were, U. *• ^ out ftr about dve monrtm 

that not until after treatment had b , b) . thta time a tolerance 

was progress' regarded. as satisfaeto.}. • ,. sto b\ished. Tilts long pie- 

a dosage of 0.1 e.c. of d.l«t.o» 10 



. . PULSE 

DATE 1 WEIGHT I RATE 

11/ 7/31 


11/13/31 
11/20/31 
11/27/31 
12/ 4/31 
12/11/31 
12/18/31 
12/28/31 
1/ 9/32 


“7 ~ n nice Activities 

Treatment in omc gQ0 

greatly restricted. V, J -°' J 

Opsonic index 1.0 


Return to school where use of 
elevator was arranged 


1/23/32 
2/ 6/32 
2/20/32 
3/ 5/32 
3/26/32 
4/16/32 
5/14/32 
6/11/32 
7/ 6/32 
7/29/32 
9/ 9/32 
10/15/32 
11/11/32 
12/ 9/32 

1/ 6/33 


Severe cold 

After one month at shore 

Grippe 12/24 W.B.C. 8,400 
Opsonic index 1.0 


l od in cases where treatment is begun with a much 
limmary period is not observed • ■ patient W. R. as pre- 

smaller dosage. This is illustrated in the lecoict P 

seated in Table in. between treatments as em- 

it is desired to call attention to ie in ’ eve n-day intervals. After a 
ployed in these patients. Treatment is egun ^ employed. Later 

course of seven or more injections, ™ erva ^ tQ elapse between 

fourteen, twenty-one, and twenty- ei D 

Th-d. at monthly il.tervais are continued for, -Uj- a year 
after the carditis appears guiescent by all criteria used m est, matin ,rts a 
tivity. This is a precaution against relapse m a disease of the pemstent 
character amply demonstrated for rheumatic eard.t.s, AMien treat 
stepped, it is discontinued preferably during the summer months or at 
season of lowest prevalence of the acute manifestations of rheumatic tore. 
In addition to the clinical observations used in estimating quiescence or ac- 
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tivity of rheumatic carditis, laboratory determinations of the hemoglobin, of 
erythrocytes and leucocytes, and of sedimentation distance of erythrocytes 
are used in following the course of the disease. Since the extract employed 
has been prepared from a single strain of streptococcus eardioarthritidis, the 
opsonic index readings of the patient’s serum against this strain have been 
found to be most helpful in the matter of regulating dosage. Overdosage is 
regularly reflected in its depression of the opsonic index. - 

PRACTICAL APPLICATION IN RHEUMATIC. CARDITIS 

The treatment of rheumatic carditis with the aqueous extract of strepto- 
coccus eardioarthritidis as developed may be briefly outlined. An initial 
dosage of 0.05 c.c. of dilution 10~ I,: of the soluble antigen is injected sub- 
cutaneously. The injections are repeated at intervals of from five to seven 
days, using 0.05 c.c. each for the first three injections. If tachycardia, cardiac 
arrhythmia or mild rheumatic pains develop within the first forty-eight hours 
the amount must not be increased until these symptoms fail to appear follow- 
ing an injection. Therefore limit any increase of dosage to 50 per cent, or 
less of the amount last administered. The most favorable results are ob- 
tained when the dosage is adjusted so as to avoid reactions. Improvement mani- 
fests itself in the erythrocyte count, leucocyte count, the hemoglobin, the sedi- 
mentation distance of erythrocytes, and the opsonic index of the patient s 
serum against streptococcus eardioarthritidis after from four to six treat- 
ments. No improvement usually indicates too large a dosage of the antigen. 

Evidence of continued improvement after six or eight treatments at in- 
tervals of from five to seven days should be followed by treatments at inter- 
vals of from ten to fourteen days. Later the intervals may be lengthened to three 
or four weeks. Treatments at monthly intervals should be continued for at least 
a year after all signs of activity have disappeared. Dosage begun at 0.05 c.c. 
of dilution 10~ 10 is usually not carried above 0.1 c.c. of dilution 10~ 14 . Dilu- 
tions stronger than ICh 14 are not regarded as necessary and are not recom- 
mended in rheumatic carditis. 

SUMMARY 

There is a range of dosage of the aqueous extracts of streptococcus cardio- 
arthritidis in which dangerous exacerbations of rheumatic fever occur. 

In the patients observed to date such exacerbations have not occurred 
with a range of dilutions weaker than that designated dilution 10' 11 strepto- 
coccus eardioarthritidis soluble antigen, and mild reactions to individual doses 
occur infrequently in the range of dilutions weaker than dilution 10 _1J . 

When dosages have been kept below those amounts followed by mild 
reactions to the individual injections clinical improvement has occurred regu- 
larly. 

Dilutions 10" 1G , 10~ 1S , and 10* 14 only are recommended in the treatment o 
rheumatic carditis. 
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THE LIGHT FILTERING INDEX OF BLOOD SERLM' 


A Discussion' of Its Clinical. Application 


G. L. Rohdenburg, M.D., and R. Schleussner, M.D.. New York, N. Y. 

TN A PREVIOUS paper , 1 it was suggested that the power of human blood 
i serum to filter out light might possibly be utilized as a prognostic aid. 
The present paper records a technic which renders this suggestion practical, 
and presents a discussion of the procedure as applied to medical conditions. 

Inasmuch as both the method of examination and the theoretical basis 
upon which the procedure under discussion is founded are somewhat noxel, 
it seems advisable to consider certain aspects of the matter in detail. We have 
to deal with two factors: (a) serum and (b) light. Viewed fiom the purely 
physical standpoint, serum is a colloidal system. If one be permitted to rev ei t 
to an elementary' presentation, a colloidal sy'stem may be said to be composed 
of particles which may', or may not, vary in size, and which are separated from 
one another by varying amounts of a substance of different physical ehaiac- 
teristics than the aforementioned particles, this separating substance being 
termed interface. Picturing such an arrangement one may' conceive that a 
light wave passing through the serum encounters the colloidal particles, and 
that these either block, absorb, or reflect the light, thus acting as a filter. The 
amount of light which is held back would vary according to the conditions 
within the colloid system, and these conditions are dependent upon the size 
of the particles, the amount and nature of the interface, and the arrangement 
of particles and interface. 

The current concept of light is that it is energy in the form of a wave 
and that the color of the light is related to, or dependent upon, the length of 
the wave. The unit by which the length of the light wave is measured is the 
Angstrom’s unit which is one ten-millionth of a millimeter. 


•From the Achelis Laboratory, Lenox Hill Hospital. 
Received for publication. May 12. 1933. 

Under a grant from the Fred Welngarten Fund. 
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It lias been found by actual observation (1) that light of different wave 
lengths, when passed through a layer of serum of definite thickness, the in- 
tensity of the light being relatively constant, is held back in varying degrees, 
it is upon this observation that the method of examination is based. 

The Pulfrieli photometer equipped with two filters having as their center 
of light filtration the following wave lengths (plus or minus 100 A units) is 
employed, 7.200 A and 4,300 A. The mechanism and operation of this instru- 
ment has been described* previously. A standardized cell having a depth 
(thickness of serum layer) of 2.5 mm. is used and this cell is so constructed 
that the width of the serum layer is 3 mm. The portions of the cell which 
are not actually the walls of the cell cavity itself are painted black to cut out 
extraneous light. Blood for examination is collected in a Wright capsule 
after finger puncture. To give a sufficient amount of serum the body of the 
capsule should be 3.5 cm. in length and the bore approximately S mm. Blood 
can also be obtained by venepuncture, but this method is not necessary. 
Hemolyzed sera should be discarded. The time of taking the specimen is not 
material, if not too soon after eating, provided that in any given instance it 
is taken at the same time in all subsequent examinations; for example, if the 
first determination is made on a specimen collected before breakfast or two 
hours after breakfast, then subsequent specimens should be collected at the 
same relative time of day. After the serum is separated from the clot it may 
be examined at any time within twelve hours. 

The standardized cells of the photometer are filled, one with distilled 
water, the other with the serum to be examined. In the manner described in 
the booklet of instructions which accompanies the instrument, the amount of 
light which is passed by the serum with each of the specified filters is then 
determined. The reading obtained with the 4,300 A filter is subtracted from 
that obtained with the 7,200 A filter. The result thus obtained indicates the 
amount of light, of the band situated between the central points of the two 
chosen filters, which has been blocked out. This result is then divided by 
the number of 100 A units present in the band; i.e., 29. 

j Example . — The reading with the 7,200 filter indicates the passage of 95 
per cent of the light, while with the 4,300 filter, 40 per cent of the light is 
passed. Between these two filters then, 55 per cent of the available light has 
been lost (95 minus 40). Since in the band between 7,200 and 4,300 there 
are 2,900 units, 55 is divided by 29 giving a quotient of 1.89. The filtration 
index in this instance is 1.89, but since in the computations recorded in tins 
paper the second decimal place is either advanced one if above 5 or discarded 
if below 5, the corrected index is 1.9. 

Expressed concretely, the light filtration index is obtained by subtract- 
ing the amount of light passed by the filter with the shorter wave length from 
that passed by the filter with the longer wave length, and dividing the result 
by the number of 100 A units in the band lying between the center points of 
the two filters. 

Isolated determinations of the index are valueless both from the diag- 
nostic and prognostic standpoint, a question which has been considered m 
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the first report. It is only if the index is determined daily, or at possibly 
slightly less frequent intervals, that the collected data become of value. In 
the present paper we shall consider the application of the li^lvt filtration 
index in a group of medical conditions, surgical conditions being considered 
in another paper by Dujat and Ivahan. Based upon 129 single obsei \ at ions 
made on normal individuals, the light filtration index normally \aties between 
1 and 3.1 with an average of 2.1. The distribution of the varying indices 
over the range, as expressed in percentages of the group is shown graphically 
in Chart 1. 

A series of six normal individuals were examined every other day for a 
period of fifteen days. The data of these eases is given in Table I. In Case 1 
the index was constant over the entire period. In Case 2 the index was con- 
stant over the entire period, except for the seventh day, the drop of 0.1 being 



associated with constipation. In Case 3 the minor variations were associated 
with menstruation. In Cases 4, 5, and 6 the ehanges in the index were as- 
sociated with constipation. 

Table I 


days 1 


Case 1 

2.2 

2.2 

Case 2 

1.0 

1.9 

Case 3 

2.7 

2.7 

Case -i 

2.0 

2.0 

Case 5 

1.9 

1.9 

Case (i 

2 .0 

2.0 


5 7 a n 


2.2 

2.2 

2.2 

2 ° 

1/J 

1.8 

1.9 

1.9 

2.5 

2.5 

2.7 

2.8 

2.0 

2.0 

. 1.9 

2.0 

1.9 

1.8 

1.9 

1.9 

2.0 

2.0 

2.5 

2 0 


13 

15 

MAXIMUM 

VARIATION 

2.9 

2.2 

0.0 

1.9 

1.9 

0.1 

2.7 

2.7 

0.3 

2.0 

2.0 

0.1 

1.7 

1.8 

0.2 

2.5 

2.4 

0.1 


i Efanples of the Behavior of the Index in Disease . — In a case of chronic 
uep iritis (No. 3297, Chart 2) there was a marked nitrogen retention. On ad- 
mission to the hospital the index was 1.1 at which time the patient was on a 
°w nitrogen diet. He was then placed on a diet consisting solely of fruit 
juices, and within three days his index rose to 2.S and promptly fell within 
uenty-iour hours when he was again placed on a low nitrogen diet. During 

bl »“ rC h r Ud beeU n ° change iu either the clinical condition or the 
b ’ 111 «>* *“»•>. CM. 9477 the clinical di„.»o s k ™ chronic 
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nephritis, hypertension and cardiac decompensation. As is shown in Chart 2 
there were variations in the index with a gradual tendency over the period 
of seventeen days to reach a higher level. During this period, however, there 
was no decisive change either for better or worse in the patient’s condition. 

Changes in the index of a much more marked character were also ob- 
served in a case of Banti’s disease (Chart 3, Case 35433) during an observa- 
tion period of nineteen days. The significance of these variations could not 
be determined since the clinical condition of the patient remained practically 
unchanged. 

In a case of hyperthyroidism (Chart 4, Case 35506) rather marked varia- 
tions of the index were also observed during the fifteen-day period of obser- 
vation. There was a general tendency of the index to run to successively higher 






Chart 3 


values. This rise in the index was associated with a clinical improvement ui 
the patient. 

A further identification of the various factors which may influence the 
filtration index is afforded in Case 35043, Chart 5. This patient was ad- 
mitted to the hospital with a diagnosis of chronic cholecystitis with chole- 
lithiasis. The first index taken gave a value of 1.2. Five days later the index 
was again determined on a specimen taken about two hours after the adminis- 
tration of the dye used to demonstrate the gallbladder roentgeuographicallj > 
and the index was found to be 3.0. Four days later the index had fallen to 
1.5. Four days after the third index was determined the patient was operate 
upon and the index determined on a specimen taken twelve hours postopera- 
tion. The index had fallen to 0.6. The index was again determined Jkiee 
and seven days postoperation and a rise first to 1.8 and then to 2.7 was 




HOHDESUUIlG'HCHtjEUSSNKR - UOHT »•**»> »«* «T «*» »“™ ™“ 

demonstrated. The siitml'eniiec ami application of till fall ■“ *> *• 
direetly postoperative and the 5 ub.se„»e,.t me is d.seussetl m the subsetm 

paper by Drs. Dujat and Kalian. 



n 

Chart 4 Chart a 

The influence of parenteral injection of foreign protein is shown in Case 
35445, Chart 6. This patient was admitted to the hospital with a diagnosis of 
subacute arthritis of undetermined etiology. Vaccine therapy was given on 
the dates indicated. The termination of the vaccine therapy was followed by 
a sharp drop in the index. 


3 6 7 0 U 




3 S 


•• 354£'*r= 


Suggestive of the use of the index in diagnostic dilferentiation is the 
” ut v ° * n the Cases 33401 and 33425. Both of these patients were admitted 
to the hospital with a history of generalized pains, sore throat and fever. 
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Case 33401 steadily improved after admission and coincidental with the clini- 
cal improvement the index rose from 1.2 to 1.6. The discharge diagnosis was 
acute follicular tonsillitis. Case 33425 on the other hand did not improve 
clinically and during the five days of observation the index dropped from 1:8 
to 1.1. On the fifth day a diagnosis of scarlet fever was established. The data" 
are graphically presented in Chart 7. 

The behavior of the index in a group of cases associated with fever is 
shown in Charts 8, 9, and 10. Case 33012 (Chart 8) rheumatic fever. The 
index was determined for the first time on February 26, when it was 1.6. The 
attack was then rapidly subsiding and the temperature was almost normal. 
On February 27, the temperature remained normal for twenty-four hours for 
the first time, and the index dropped to 0.9. On March 1, 3, and 7 the index 
was respectively 1.4, 1.5, and 1.7. On March 3, the patient was clinically well. 



1 .SU'Fi O 

( 

1=3--' -*? 

Si irSiEfS 



^ : ^‘-1- 3 o/ 





A- 1 



-K- 


— Ur- 1 ! 

-V 



Chart S 


In this case there was a sharp drop in the index the first day of normal tem- 
perature. This drop was followed by a progressive rise. 

A similar type of reaction was observed in Case 34721 (Chart 8). Ihm 
patient was admitted to the hospital August 9 with a diagnosis of tvphoi 
fever. When the index was first determined on September 16 the patient was 
approaching the end of a relapse and the index was 0.8, and four days later 
it was 0.7. The first rise came on October 3 when it was 1.1 and on Octobei 
7 it was 1.5. 

Another example of the same type of reaction is shown in Case 35<a ■ 
This patient was admitted to the hospital November 26 with a diagnosis o 
thrombophlebitis of the femoral vein. The first index was determined Decern 
ber 3 and was 1.3. The first day of completely normal temperature was on 
December 5 when the index was 0.9. The indices on December 9, 12, 16, an 
19, were respectively 1.7, 1.2, 2.1, and 2.0. The curve is graphically shown 

in Chart 8. 
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1.IC.UT «.««» ■»» « "'• U0 ° S “ U 
“ mEa "“ MC . f ,, sc W 531 (Chart 8). This patient 

Still another example * **** » £^1 « October » -The 

with tobar pneuntoitiit tvas attnutU-A to ^ ^ f „, t , t 

index was taken Nou.n^ hen the index was 0.8. 

mal temperature was >' 0 ' 1 ' em ) d l7 were as follows: 

November 7, 8, 9, 10, 11, 12. 14 ’ lo ’ lb) - a 

n -i oi 1.9 2 . 5 , 2.5, and 2.3. „ se 345 OI, one of pneui 

’ ’ Still another example is given m Uu ^ ^ ^ first day of normal tem- 
in which the index dropped from 1.3 , mar kedly previous to a d 

perature The index does not apparent l > th omii-s suddenly as is shown in 
eided change in the patient’s conchtion 5 eumo nia and had an index 

Case 33096, Chart 9. This patient l ad a loh case of lobai 

of 2.0 just a few hours before a ^ phase 0 £ reaction of the in - - 

pneumonia, Case 3ooo4, Chart J, 



Chart 9 

ill had an index varying between 0.7 and 
This patient who was very gravely ill haci a o y With the 

0.9, while the temperature was dropping fro sudden and very 

temperature still at 102.5" F, «‘f with 

marked improvement in the patient sc later to 1 3 From this 

this the index rose to 2.4 to drop ^ ^ ^ ^ 

point the index rose steadily to —1, the r. 

' SS baeteria, infections. 

tbatthe outlook is unfavorable, as in baeteua en oca ’ Thus in 

index associated with variations in temperature are also observed- rim n 
tbe patient in Case 35G16 (Chart 10) one of bacteria endo ardrtis adontted 
to the hospital November 15 and dying February 4 tins “bserved. 
first index was taken on December 1, and between then and December 1 the 
index was repeatedly determined. The relation of the temperature curve. 
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and the curve of the index is graphically shown in Chart 10. In the patient in 
Case 35428, also bacterial endocarditis, admitted to the hospital October 19 
near the termination of the condition, the first index on October 26, was 0.8 
while two days later it was 0.5. On October 30, a transfusion was given and 
while this has in most other instances been followed by a sharp rise in the 
index, it was in this case followed by a further drop to 0.4. Twenty-four 
hours after the time of the last index the patient died. 

CONCLUSION 

If light of differing wave lengths be passed through nonhemolyzed blood 
serum a definite absorption of the available light occurs. The rate at which 
the light is absorbed, when calculated for bands 100 A units in width has 
been termed the “light filtration index.'’ 

In normal individuals this index remains fairly constant over periods as 
long as fifteen days, minor variations occurring in consequence of simple 
physiologic disturbances such as constipation, menstruation, etc. The normal 
index varies between 1.0 and 3.1 with an average of 2.1. 

The index is affected by the parenteral injection of foreign proteins, by 
the ingestion of colloids such as dyes and probably by still other factors. 

In pathologic conditions associated with fever the termination of the 
fever is characterized by a sharp drop in the index and convalescence by a 
steadily rising index. 

An index steadily between 2.2 and 2.6 is of good prognostic import as is 
a steadily rising index. A consistently low index is of bad prognostic import- 

The changes which have been observed in the study of the phenomenon 
thus far warrant an intensive study in specific disease groups of the behavior 
of this biophysical change in blood serum so that definite laws guiding in the 
interpretation of the results may be established. 
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CHRONIC MYELOSIS IN CHILDREN* 


With Report op a Case 
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M.D. 


D-4AE and Stansky' in their ivell-known Klinische Haematologie to 
D Kindesalters, state that "myelogenous leukemia is tvell kn°"" t - 

ceedingly rare.” In the age table ot Reprint No. 143 ot the C ancer Comm.s- 
sion of Harvard University, the base of the age curve does no °ue 1 
year line. For this reason we feel justified in reporting an additional case 
of this disease, and in presenting, in tabulated form, all the cases previous* 
reported in the literature. 

CASE HISTORY 

The patient was a Jewish hoy, nine years of age, admitted to Sydenham Hojtal on 
June a, 1929, with six months’ history of gradually increasmg weakness loss of * eight and 
progressive increase in the sue of Ids abdomen. Aside from shght shortness of breath, in 
duced apparently by his enlarging abdomen, there were no other symp oms 
ning of his complaint he was seen by an outside physician who ordered a blood count, with the 
following findings: Hemoglobin 35 per cent, erythrocytes 2,140,000, leucocytes 4-o, , 

thrombocytes 520,000. The differential smear showed 41 per cent immature neutrophi es, 
d per cent mature neutrophiles, 3 per cent eosinophiles, 3 per cent hasophiles, 33 per cen 
neutrophilic myelocytes, 4 per cent basophilic myelocytes, 10 per cent myeloblasts, 1 per cent 
monocytes, and 1 per cent lymphocytes. 

Six weeks before his admission to this hospital the boy was admitted to Alt. Sinai 
Hospital, where he stayed two weeks. An abstract received by ns of his history there showed 
a diagnosis of chronic myelogenous leucemia. 

The hoy’s past history showed a normal full-term delivery, weighing 11 pounds, with 
normal development thereafter. He was breast fed for one year and then put on the regular 
house diet. His childhood diseases included measles, ehickenpox, and whooping cough. The 
family history was irrelevant. 

Physical examination showed a young boy with good physical development and fair 
nourishment. Ho was rather pale, giving the appearance of one who is chronically ill. There 
was a slight dyspnea and orthopnea. He did not cough, and there was no cyanosis. His 
temperature by rectum was 101.6“ F., pulse 116 per minute, and respiration 24 per minute. 

The positive findings included marked deviation, to the right of the nasal septum. His 
eyeballs were large and protruded from their sockets. There were no other eye signs. There 
was marked pulsation of the vessels on both sides of the neck, and in the suprasternal notch, 
where a systolic thrill could he palpated. The thyroid gland was not enlarged. The heart 
appeared to he pushed up somewhat, the apex beat being in the fourth interspace inside the 
nmlelavicular line. There was diffuse precordial pulsation and a soft systolic murmur all 
o'er the precordium. The lungs were normal. 

Examination of tiro abdomen showed it to be enormously distended, and the superficial 
"m 3 we re enlarged. On palpation an enormously hypertrophied spleen was felt reaching 

•Prom the Department of Pathology. Sydenham Hospital. 
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down to the symphysis pubis and extending over to the right side. To percussion there was 
only a small area of resonance, just below the liver. 

Tile lymph nodes in the cervical, axillary, epitrochlear, and inguinal regions were all 
palpable as small granular masses. 

Examination of the eyegrounds showed typical leucemie fundi with blurred, hyperemic 
discs, and highly dilated, tortuous veins. The arterioles were also dilated but to a lesser 
degree. There were no hemorrhages or exudative spots. 

During the patient’s stay at the hospital his temperature varied between 97 and 
102° F. 

Urinalysis at all times showed a traee of albumin with no other findings. The basal 
metabolic rate was +10. Blood chemistry was normal. A blood count at that time showed 
28 per cent hemoglobin, 1,020,000 erythrocytes, 330,000 leucocytes, and 481,000 thrombocytes. 
The differential leucocyte count showed 10 per cent mature ncutrophiles, 10 per cent immature 
or band neutrophiles, 20 per cent metamyelocytes, 12 per cent neutrophilic myelocytes, 20 
per cent basophilic myelocytes, and 22 per cent eosinophilic myelocytes. Numerous blood 



Figr. 1. — Authors’ case. Autopsy. Note size of spleen. Weight 5,223 grams. 

eounts done at different periods during the next two years always showed a similar picture 
except at one time when the total leucocyte count was brought down to 50 , 000 . 

During that time the boy was admitted to the hospital several times and also watched 
through the dispensary, receiving several courses of benzol treatment and also of deep x ra) 
therapy to the spleen and long bones. 

He received, in all, six transfusions, when warranted by bis progressing anemia. The) 
varied in amount from 300 to 500 c.c. and were all given by the Unger method of direc 
transfusion. The boy was of the Group 1 of tire Jansky classification, or the class o 
universal donors. At each successive transfusion the reaction seemed to he more se\eri, 
and when on May 13, 1931, he was given 400 c.c. of carefully cross-matched blood, from 
professional donor, bis temperature rose to 104° F. with a very rapid pulse, chill and huno 
globinuria. He died rather unexpectedly eight hours after the transfusion and approximate ) 
two and one-half years after his disease was first diagnosed . 

Autopsy performed on April 14, 1931, revealed a large spleen and liver, the 
measuring 37 by 21 by 10 cm. and weighing 5,223 gnu, while the latter measured 27 
by 8 cm. and weighed 2,680 gin. (Dig. 1). On section of the spleen the cut surface was angr) 
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red in appearance, with large outstanding granules. Microscopically, there was myeloid 
metaplasia and infiltration o£ the spleen, liver, kidneys, lungs, lymph nodes, and bone marrow 
( Figs. 2 and 3). 

General Features of Chronic Myelosis in Children. Mention lias been made 
of the rarity of this condition. It is interesting to note that, rare as it is, it is 
exceedingly frequent when compared with chronic lymphadenosis in children. 
There is but one genuine recorded ease of the latter condition. By far the 




«ltratU)n'i3'tvMpM r Vf^ e i s!, l usoidal mOUratton with myeloid cells. This choice of site for in- 
< Authors’ cuy C myelosis as contrasted with the periportal inflltration in lymphadenosis. 

greatest incidence of leucemia in children lies in the acute types with the 
acute myelogenous leucemia even more prevalent than the acute lymphatic. 

m lteratnre includes only 32 cases of chronic leucemia in children. The 
< 1 terentiatiim. however, between acute and chronic leucemias is often difficult, 
.i \ 1US ' H ' eu repeatedly stressed that in children, even more than in adults, 
c liucid difference between acute and chronic leucemia, lies not only in the 
U ,0n tl,e d,scase but fand Principally so) in the fact emphasized by 
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Fraenkel 11 that acute leucemias begin with tliose symptoms with which chronic 
leucemias end. It must be added, however, that in children chronic myelosis 
often runs a course so much more rapid than in adults, that on the duration 
alone oue would be tempted to regard it as an acute case, were it not for the 
absence of the classical symptoms of acute leucemia, namely, hemorrhagic 
diathesis and au ulcerated mouth. One thing, however, is of great theoretical 
interest ; when a case of chronic myelosis in a child develops the above-mentioned 
hemorrhagic and mouth symptoms, although the downward progress becomes 
much more rapid than in a true acute case, the blood picture remains typical 
of chronic myelosis, even though the ease is now an acute one clinically. 

Whatever our conception of acute leucemia and its relationship to the 
chronic form may be, chronic myelosis is a definitely independent clinico- 
pathologic entity. It is a hyperplasia of the myeloid (granulocytic) tissue of 
the hone marrow and a metaplasia of the myeloid tissue in. all the organs where 
embryonal totipotent mesenchyme is present, myeloid metaplasia in the spleen, 
liver, and lymph nodes. Hematologieally, it expresses itself qualitatively in 
the presence of immature myeloid cells (granulocytes) from the myeloblast 
to the metamyelocyte, and quantitatively, in a very high leucocyte count, from 
50 to several hundred thousand cells per cubic millimeter. The latter, the 
very high count, is not an essential feature, since the disease may run its 
entire course as a subleucemie myelosis with 20 to 50,000 cells, or even as an 
aleucemic form, with 1 to 10,000 cells per cubic millimeter of blood. 

As to the etiology of this extremely interesting condition, though man}’ 
attractive theories have been proffered, none have been associated with defi- 
nitely proved facts, and we still know* nothing that even begins to approxi- 
mate certainty. The many hypotheses include the infection theory, as cham- 
pioned by von Hansemanu, Manta, Mosler, Fontana and others, the belief that 
it is a neoplastic process, as claimed by Eibbert, 20 Banti, Warthin, Mallory 
and Piney, the tuberculosis theory, and lastly the theories 'of Ziegler 31 and of 
Naegeli 23 who believe that the disease is a disturbance g£ tissue correlation 
and can be traced to disturbed endoerinal relationships. 

For a time the most alluring hypothesis was that which regarded nil 
chronic leucemias, the myeloses and lymphadenoses, as a neoplastic process. 
Piney, 23 however, sounded the keynote of this theory when he said, “it seems 
the neoplastic hypothesis presents the fewest difficulties.” True, from the 
viewpoint of monopliasie anaplasia, leucosis would be regarded as a neoplastic 
process, but there are too many objections from other points of view, for such 
a theory to be more than a pretty parallelism. Some of these objections are the 
absence of infiltrative qualities in the invaded tissues, lack of close relation- 
ship to ti-auma or chronic irritation, the work of Ellerman in transmitting fow 
leucoses, remissions and exacerbations, the nature of the hyperplasia, w ne 
involves the entire tissue system, over a wide area, rather than an organ, an 
finally the occurrence of the so-called “leueemoid” blood picture, at times m 
distinguishable from a true leucemia, yet returning sooner or later to the nov 
mal. One also recalls numerous authentic observations of leucemia where i 
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Table I 


AUTHOR 


CASE 


Bass2 


1 


Berghinz 3 


Cambell* 


SEX AGE 


F 


F 


M 


Cassell 3 


Charon and 
Gratia*: 


Daperie and 
Cadenaules 


M 


CLINICAL PICTURE 


One year history of loss of 
weight and appetite. Irritat- 
ing cough. Pale, sallow, un- 
dernourished. Superficial 
nodes large, hard, discrete. 
Liver and spleen very large. 

Nine months of small glands, 
spleen to pubis, large liver, 
some fever. 


Three months of lymphomegaly, 
Liver large. Spleen enlarged 
to navel. 


Hg 41% 
R.B.C. 2,080,000 
W.B.C. 134,000 
|S0% myeloblasts 
5 neutropliiles 
15 lymphocytes 


Palpable glands. Liver 2 cm. 
below costal margin. Spleen 


U 


9i 


BLOOD PICTURE 


R.B.C. 2,000,000 
W.B.C. 800,000 
27% myelocytes 
|o9 neutropliiles 
2 eosinophiles 

9 monocytes 

R.B.C. 2,200,000 
W.B.C. 1,470,000 
.16% myelocytes 
46 neutrophiles 
5 eosinophiles 

10 basopliiles 

2 lymphocytes 


None 


None 


R.B.C. 

W.B.C. 


Marked enlargement of liver 
and spleen. 


Flesehs 


Fowler'" 


Huti-hisonn 


3,550,000 

500,000 


to umbilicus. Bones tender.]69% myelocytes 


jU.B.C. 880,000' 
jW.B.C. 305,000 
37% myelocytes 


IP. 


M 


13 


11 ) 


Measles, pneumonia, whooping 
cough, bronchitis, enteritis 
bronchopneumonia prior to 
admission. Headaches, an- 
orexia, abdominal pain, pal- 
lor, large liver, and spleen.' 
Treated with x-ray and ben- 
zol. Died after four months 
with hemorrhagic symptoms. 

[Began abruptly with pain in 
spleen. Loss of weight. Fe- 
ver. In region of spleen 2 
tumors both hard, large and 
immovable. Splenic, puncture 
showed leucemic picture. 

Seven months’ history of f ever! 
with spleen enlarged to pu- 
bis. 

Five and one-half months of 
moderate lymphomegaly with 
enlargement of liver and 
spleen. 


|Bg 50% 
IR.B.C. 2,410,000 
W.B.C. 264,120 
[35% myelocytes 


None 


W.B.C. 206,410 
reduced by 
deep tberopv 
to 9,000 
4% myelocytes 
erythroblasts 

(R.B.C. 2,870, 000|Xone 
(W.B.C. 230,000’ 

20 % myelocytes 

R.B.C. 2,700,000 
W.B.C. 240,000 
13-30% myelo- 
cytes 

39-69 lympho- 
cytes 

'Five and one-half months of R.B.C. 2,425,000 
enlarging abdomen with enor- W.B.C. 4,599,000 
mous spleen. No liver and 69 % myelocytes 
lymph node involvement. 


NECROPSY 


None 


None 


(None 


None 


None 
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Table I— Cont'd 


AUTHOR 


Eg 

M3 

CLINICAL PICTURE 

blood picture 

NECROPSY 

Japha 1 -* 

11 

M 

1 

71 

Sick for months. Began with 
swelling of abdomen and 
pain. Infantilism. Hard 

splenic tumor, smooth and 
tender. Leucemie retinitis. 

i Hg 35% 

: R.B.G. ;:,sio,oo( 
W.B.C. 2GI,00( 
Smear showed 
mostly granu- 
lar cells with 
later many 
monocytes. 

None 

) 

) 

Koch 11 * 

12 

M 

io | 
wk. i 

| 

Liver two fingerbreadths below 
the costal margin. Spleen 
reached to umbilicus. 

Hg 28% 

R.B.C. 2,5o0,00C 
W.B.C. 20,90(1 

Platelets 17,000 
7% myelocytes 
54 lymphocytes 

None 

l This is a 
i doubtful 
i case. 

Langsch 18 

13 

F 

10 

Pain in left hip, left facial 
paralysis, ankle clonus, very 
large splenic tumor. Nerve 
and joint pains due to local 
leucemie infiltration. Much 
improvement under deep 
therapy. 

Hg 59% 

R.B.C. 3,100,000 
W.B.C. 224,000 
48% myelocytes 

None 


14 

M 

9 

Died with symptoms of hemor- 
rhagic diathesis. 

W.B.C. more 
than 1,000,000 

None 

Ledingham 

and 

Kerron 17 

15 

M 

11 

Four years of enormously en-' 
larged spleen. 

R.B.C. 3,570,000 
W.B.C. 234,000 
4S% myelocytes 

None 

Malmberg 1 * 

1G 

F 

s 

mo. 

Father syphilitic. Liver large. 
Spleen to umbilicus. Septic 
fever. Hemorrhagic signs be- 
fore death. Axillary node 
showed myeloid metaplasia. 
Duration ten months. 

Hg 2S% 

R.B.C. 1,550,000 
W.B.C. 177,200 

None 


17 

M 

6 

mo. 

Pallor at 5 months. Tender- 
ness in head and body. Gen- 
eralized lymphomegaly. 
Spleen to iliac crest. Liver 
enlarged. One and one-half 
years’ duration. 

Hg 35% 

R.B.C. 1,800,000 
W.B.C. 350,000 
90% myelocytes 
and myelo- 
blasts 

Typical 

chronic 

myelosis 

Meyer and 
Heineke 18 

18 

M 

4 

Insidious onset. “Gland” trou- 
ble at one year. Four weeks’ 
enlargement of abdomen with 
occasional nasal hemorrhage. 
Diffuse adenomegaly. Nu- 
merous petechiae. Colossal 
spleen. Large liver. Death 
one year later. 

Hg 52% 

R.B.C. 3,080,000 
W.B.C. 141,000 
Many monocytes, 
eosinophiles, 
basophiles, and 
neutrophilic 
myelocytes. 

Typical 
'chronic 
myelosis. 
First case 
with au- 
topsy. 

Middleton^ 8 

19 

M 

11 

Eight months ’ history of weak- ; 
ness, loss of weight and ab- 
dominal swelling. Fever. 

Constipation and vomiting. 
Marked anemia. Spleen very 
large. No glands. 

R.B.C. 3,330,000 ' 
W.B.C. 1 to ev- 
ery 9 R.B.C. 

Typical 

chronic 

myelosis 







EISEXBERG-WALLEHSTE1X : 


CHU0X1C MYELOSIS IN' CHILDREN 


nm|i 


Morse - 1 


Morsen 


CLINICAL PICTURE I BLOOD PICTURE [ N KCKOPSA 


l 2 0 M -1 Six months' history of abdom- R.B.C. 3,000,000 Typical 
inal enlargement. >'o liemor- W.B.C. 1 to ev- chrome 
rhages, vomiting or rickets, ery 5 ll.B.C. myelosis 
Spleen readied to umbilicus 
and to pubis. Heavy, hard 
with a smooth notch. No 
nodules. 

M 1 Gradual failure of health with ll.B.C. 2, 000,000 Typical 
I enlargement of abdomen andlW.B.C. 4S,000 chrome 

! inabifitv to lie on left side. 22% mvclocvtcs myelosis 

t i Marked" anemia. Adenomeg- Many erythro- 
aly. Spleen filled entire ab- blasts 
domeiL 

M 4. Six months of irregular fever No blood studies Typical 
with swelling of joints. Green- chronic 

ish pallor. Spleen to ant. myelosis 

sup. spine. Died suddenly 
one month after onset of en- 
larging abdomen. 

23 M 7 Sickly since age of one. Peri- At age of two, None 
rectal abscess, otitis media, SO, 000 W.B.C. 
gradual emaciation. Spleen At age of seven, 
and liver enlarged. Treated Hg 70% 
with sunbath and x-ray. At R.B.C. 3,700,000 
seven was undernourished, W.B.C. 46,000 
body was pigmented, spleen 51% myelocytic 
and liver large and hard, cells 
Died a year later. 

24 F 8 At five noticed pallor, listless- Hg at one time None 
ness, loss of appetite, ascites was 2 per cent 
and adenomegaly. Liver en- (sic!) 
larged. Spleen 23 cm. in di- W.B.C. 37,000 to 
ameter. 460,000 

Myeloblasts nev- 
er over 5% 


F 10 Facial paralysis. Left ankle W.B.C. 224,000 None 

clonus. Very large spleen. 50% myeloevtic 
Ascites. cells ’ 

M 2i Exudative skin manifestation. W.B.C. 141,000 Typical 

Indistinct speech followed by 37% myelocytic chronic 
loss of speech. Large ab- cells " mvelosis 

domen, cervical and inguinal 10% ervthroblast 
adenomegaly. Liver to um- 
bilicus. Spleen 2 cm. from 
midline and down to pelvis. 

Duration over six months. 


SmitUsr 


Four years’ duration. Spleen W.B.C. 572,000 None 
enlarged enormously, reach- Many myelocytes 
ing into pelvis. Improved and eosino- 
under benzol treatment. pliilt-s. No my- 

eloblasts. Aft- 
er benzol 
W.B.C. dropped 
to 10,000 
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Table I — Cont'd 



Solmitz 30 


Steinbrinck 
and 
Stukowskiai 


van Westrien 

enM 


Authors’ case 


2 !) 


30 


31 


M 


12 


[lather a cured (?) syphilitic 
Onset with increasing weak' 
ness and G-I disturbances. 
Spleen and liver large. No 
fever. Died one and one-half 
;years later with hemorrhagic 
diathesis. ° 


M 


Began with sensation of full 
ness in stomach after eat 
mg. X-ray therapy brought 
quick and great improvement. 
Tlireo years later recurred 
Died one year later with 
symptoms of hemorrhagic di 
athesis. 


Gradual onset with anemia, 
large spleen to pelvis, liver 
moderately large. 


increasing weakness, loss of 
weight, increasing size of ab- 
domen. Spleen filled entire 
abdomen. Improved under 
benzol, deep therapy, and 
transfusions. Course of two 
and one-lmlf years with sud- 
den death after sixth trans- 
fusion. | 


PICTURE I NECROPSY 


[Details not given 
except many 
myelocytes. 
Thrombocytes 
35,000 with 
bleeding time 
of seventeen 
minutes 


None 

Malmbergis 
thinks this 
leucemoid 
reaction of 
congenital 
syphilis. 


R-.B.C. 

W.B.C. 

26% myelocytes 
64 neutrophiles 


2,840,000 None 
304,000 


Hg 35% None 
R.B.C. 2,720,000 
W.B.C. 528,000 
54.1% myelo- 
cytes 


2S% Typical 
1,520,000 chronic 


Hg 
R.B.C. 

W.B.C. 336,000| myelosis 
Platelets 4S4,000| 

74% myelocytic 
cells 


fection anrl r eCOme nomal under the influence of an intercurrent in- 

with the con 3 t G c ° llec ^y stated that “these facts are difficult to reconcile 
the tuhere l ep 1 ° n at leucemia belongs to the malignant tumors.” Finally, 

" t0 be “ *> ^ dismissed as being 

« n «-M eSPlte the laCk ° f positive evidence thereto, we still feel that the most 
1 6 , pi0< A ess towaid discovering the etiology of this condition, will be 

r , e , a ° n<3 . le woik of Ziegler and of Naegeli, on the basis that there is a 

u ance in tie endociinal correlationsliip with abnormality of the internal 
secreting organs. 


COMMENT 

At the conclusion of the review of seemingly authentic cases, a few im- 
piessions appeal justifiable. In the first place the mutual incidental rela- 
lons ip e tween chionic myelosis and lymphadenosis in children is the same, 
t iou 0 li maikedly accentuated, as in adults, there being only one case of chronic 
lymphatic leucemia in children as against thirty-three of the myeloid type. 
Again, acute leucemias (which are much less common in adults than are the 
chronic forms) are, conversely, more frequent in children. So far as the 
aleucemic forms of leucemia are concerned, they are much more common, both 
in children and in adults, in myelosis. 
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mvfiosis IN children 

eisenberg-walleustein: CHRON £orms of leuccmia would 

appeal’ as follows . 

children 

1. Acute myelosis 


2. Acute lymphadenosis 

3. Chronic myelosis 

4. Chronic lymphadenosis 


adults 
1 Chronic myelosis 
O. Chronic lymphadenosis 

3. Acute myelosis 

4. Acute lymphadenosis 


4. Chronic lymphadenosis « to se xeS, is 

, , the relationship of inehlenee 

In eliildreu, at least, tl 

three males to two females. one becomes impressed wi 1 ^ 

listlessness and p allot. 



Fi,. 1. Authors’ case. »•“” . . 


Fig. 4.— Authors’ case. 

, left side. The spleen 
abdomen" and very frequently " inability ™ varies Irom “sligM'’ 

ia always markedly enlarged, while hepatic onlai. 

to “very marked.” large majority of cases are 

A very striking feature of the im hatl su ff e red previously, not m- 

numerous infections, from wlucli the c n , upon another (see Cases 

frequently with one infection following m succee ding each other at short 

8 to 23). In fact a history of several examin ation. 

intervals should always call for a thoroug i symptom, and neither is 

Adenopathy is not a frequent or a prominent s 5 mp 

tcve1 '- . , i as fjeen described innumerable times, 

The blood picture in chronic myelos_ . sis the immature granulo- 

antl everyone is acquainted with tie ii c . an( j myeloblasts) and the 

eytes (metamyelocytes, myelocytes In e hildren, there is, perhaps, 

increase in eosinopliiles and basophiles f f' / t or myeloblast forms. 

,i greater tr.qucney hi .he ap,ma»nce £ ^Uabiliiy of the hemo- 
This is probably to be accounted toi by tlie 0 
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poietic system in children. The aleucemic form of the disease is quite rare. 
Anemia is always present and, frequently, is quite severe. It appears from the 
perusal of the literature that many cases reported as chronic myelosis were 
in reality cases of von Jaksch-IIayem disease. 

Prognosis as to life is, of course, hopeless, and as to duration, variable, 
some cases lasting as long as five and six years, while others, especially those 
with a subleucemic count, lasted from a few months to two years. 

In treatment, benzol, thorium and deep therapy are variable in their ef- 
fects on different patients, hut as a rule, they always react well to the x-ray 
treatment, the blood picture promptly changing toward the normal for varying 
periods of time. At times the anemia is so severe as to require several trans- 
fusions (authors* case). In connection with the latter it must be pointed out 
that toward the end of the disease accidents will occur despite the care with 
which the grouping and compatibility tests are carried out. Undoubtedly, they 
are due to some reaction on the part of the leucocytes, since according to Doan' 
there is a definite increase in the fragility of these cells in leucemias. 

Just prior to death there almost always appear signs of hemorrhagic 
diathesis. 


SUMMARY 

1. There is presented an additional case of chronic myelosis in a child of 
nine years who responded to treatment for two years, and then succumbed 
following his sixth transfusion, due in all probability to the increased fragility 
of the leucocytes. 

2. Thirty other authentic cases of chronic myelosis in children are col- 
lected from the literature and presented in Table I. 
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STUDIES ON THE QUANTITATIVE ESTIMATION OP BILE PIGMENTS* 


E. A. Peterman, M.D., and Thomas B. Cooley, M.D., Detroit, Mich. 


IN 1916, Hooper and IVliipple 1 developed a quantitative modification of 
Salkowski’s 2 test for bile pigments whereby bilirubin and biliverdin were 
estimated together. They diluted specimens of bile with a nitro-hydrochloric 
acid alcohol mixturei and after about 18 hours estimated eolorimetrically the 
characteristic blue green color that had developed on standing. In 1921, 
Rous and McMaster 3 introduced an inorganic standard! to replace the original 
artificial color wedge§, and later Sribhishaj, Hawkins, and Whipple 4 adopted 
the use of a monochromatic light filter in reading the intensity of the color in 
the solutions. Verifying the observations of Whipple and his associates, Pie gel, 
•Johnston, and Ravdin 5 in 1932 found that increasing the temperature hastened 
the reaction. They also found that the “characteristic blue green” color 
developed long before the maximum intensity was reached. 

Further work in this laboratory on the estimation of bile pigment revealed 
significant inherent errors in current methods, the results of which emphasize 
the need for this study of the fundamental principles involved in the color- 
imetry of bile. For example, the time required to develop the color change 
with the acid alcohol mixture was far too variable to set any definite time 
at which to make colorimetric readings. One specimen of the acid alcohol 
may produce the complete color change in less than an hom- while another 
may i equine more than a week. The color formed in from eighteen to 


•Received lor publication, June 27, 1033. 

" c O/Wa ^ tmf "children's 6 «Sf 

m'n° ( ^'\n 0nC ' HCU °-‘ C ' C ' COnC - HNCh - and 100 c - c - 95 Per cent ethyl alcohol. 

SM.a le wlm , c °PP er sulphate plus 0.075 c.c. o£ 1 per cent potassium bichromate, 

with vaseline and ^ ° n C °° Iin5 the was sealed 
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twenty-four hours presents such a wide variety of green shades that frequently 
co ornuetric comparisons are impossible without grossly violating the general 
avs of coloiimetij. At times, the color may be yellowish green, deep 
green, blue green, or blue. The standard of copper sulphate and potassium 
bichromate is a constant shade of blue green so that the shade of the unknown 
rarely matches that of the standard unless perchance by accident. There are 
also Lianj difteient shades of blue green, and accurate comparisons are 
difficult, if not impossible, even when that color is produced. The original 
standaid was Prepared by Eons and WebMaster 3 with 10 per cent copper 
sulphate to which they added, immediately preceding the quantitative eolori- 
metiic leadings, more or less potassium bichromate as the occasion required 
in 01 dei to shift the tint of the standard to correspond with that of the 
individual unknown. It has been found that their procedure of changing the 
standaid to match the shade of the unknown does materially alter the results. 
Sribhishaj, Hawkins, and Whipple 1 employing the Wratten -Monochromatic 
Light Filter ho. 72 4 found that readings could be made without delay, thus 
obviating the trouble of adjusting the standard to match each individual 
pigmentary solution. Their results involved the same error as Rous and 
McMaster s owing to the type of filter applied. The blue rays only are trans- 
mitted u ith Filter No. 72 which absorbs all other light rays, thereby obliterat- 
ing the shade of color and permitting the observer to compare the blue inten- 
sity of any solution with that of a blue or blue green standard. Since the 
pigmentary value of the yellow intensity is not recorded, when varying quan- 
tities of yellow bichromate are added to the blue copper sulphate standard 
and when a light filter which records the blue intensity only is used, it seems 
leasonable to assume that the failure to record the yellow color is a source of 
an appreciable experimental error. 

Although bile is potentially a polychromatic fluid, bilirubin is the parent 
clu omogenie substance, and only those colors which are directly concerned 
with the oxidation reaction of pure bilirubin are considered in this study. 
When the pure pigment is dissolved in a simple oxidizing solution, the color 
change progresses from yellow through green and blue to an ultimately color- 
less solution. Proper classification of these colors is prerequisite to a better 
understanding of the colorimetric procedure which follows. The present 
scientific classification of all color is based on the discovery of the solar 
spectrum' in 1666 by Sir Isaac Newton, who found that sunlight was com- 
posed of many colors, which could be separated when the sun's rays were 
allowed to pass through a glass prism. Working with Newton’s discovery, 
Sir David Brewster 8 in 1831 showed that the visible spectrum contained only 
three primary colors, namely, red, yellow, and blue. By means of light 
filters, which he had developed in 1822,° he demonstrated that the orange, 
green, and violet colors of the spectrum were secondary, produced by the 
overlapping of red and yellow, yellow and blue, and blue and red rays, 
respectively. The fundamental principle that green is a secondary color com- 
posed of two primary colors, yellow and blue, was utilized in the present 
study in the preparation of standards for the colorimetric estimation of all 
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green shades developed by the oxidation ot bilirubin. This principle is applied 
by the , palliative separation ol the yellow and blue n.teus.t.es Eton, a 
posite green solution by means of monochromatic light filteis. 

Experimental Procedure .- A series of dichromatic green standards were 
prepared by combining definite quantities of yellow and blue dye solution.! 
The yellow dve was standardized against a known amount o puic unox 
bilirubini and the blue against the maximum blue intensity developed fiom 
an equal' quantity of oxidized bilirubin. These solutions were then mixed so 
that each successive standard contained the equivalent ot a p ' 
increase in blue and a compensating 10 per cent decrease in je r\\. 
resulting ratio of vellow to blue produced therefore a different shat e o green 
in each member of the series. The Wratten Filter No. 76 was used tor stand- 
ardizing and reading the yellow in the solutions and No. 7 _ was use 
the blue. 


With these standards, an attempt was first made to ascertain the causes 
of the difficulties encountered with Hooper and Whipple’s acid alcohol mix- 
ture, and second to devise an accurate method for determining bile pigment. 
A quantitative study of the color change in all phases of the reaction was 
developed along two major lines, namely, the factors which influence the 
reaction velocity and those which control the variation in shades. With the 
aid of light filters, experiments on the time required to complete the color 
changes were made with various oxidizing solutions as well as with different 
types of nitric acid as the oxidizing agent. Observations were also made upon 
the effect of temperature and light. The reaction velocity was deteimined 
by the amount of blue developed during any given period of time and the end 


*Thf WrattPn Monochromatic Filter Xo. 72. when placed over the eyepiece o t the colorim- 
<-*ter allows the observer to record only the intensity of the blue rays. With the "U ratten - fono- 
matlc Filter No. 76. one records only the intensity of the yellow rays. 

These filters were obtained from the Eastman Kodak Co., Rochester, X. 


t Preparation of Standards . — 
h Stock solutions : 

1. Pure bilirubin, 25 mg. in 100 c.c. of chloroform. 

2. Dimethvlamidoazobenzene, 32 mg. in 100 c.c. ethyl alcohol. 

3. Nile blue sulphate, 7.5 mg. in 100 c.c. ethyl alcohol. 

1. Nitrohydrochloric acid alcohol 1 made with strictly fresh nitric acid. 

II. Standardization of diluted stock solutions: 

1. Dilute 20 c.c. of the stock yellow dye to 500 c.c. with alcohol. 

2. Dilute 20 c.c. of the stock blue dye to 500 c.c. with alcohol. 

3. Expose the nitrohydrochloric acid alcohol solution to ultraviolet light for three minutes 
at 18 inches from the quartz mercury vapor tube. Stir the solution every fifteen sec- 
onds. The depth of the solution not to exceed 5 cm. 

h From a microburet, measure 1 c.c. of the stock bilirubin solution into each of ten 25 
c.c. volumetric flasks. 

5, Dilute 5 flasks to the mark; with plain ethyl alcohol. 

6. Dilute the other 5 flasks to the mark with the treated nitrohydrochloric acid alcohol so- 
lution. Allow to stand one hour, at which time they should all be steel blue in color. 

"• With the flrst 5 flasks of unoxidized bilirubin solutions as standards, determine the bili- 
rubin equivalent of the yellow dye. If the average for the series does not closely ap- 
proximate the known amount of bilirubin, adjust the intensity and restandardize. Use 
light Alter No. 70. 

S. With the second 5 fla>ks of oxidized bilirubin, determine the bilirubin equivalent of the 
blue dye. Restandardize if necessary. Use light Alter No. 72. 

3. From a buret measure accurately and mix the yellow and blue dye solutions as follows: 


stnmlnnl Xo. 

1 u 1 

1 l 

2 1 

3 1 

1 ! 

5 1 

6 1 

■ i 

S i 

0 

10 

*-»U. Yellow 

1 100 1 

00 1 

; SO ) 

70 i 

i 60 | 

50 i 

10 | 

l 30 I 

20 

10 

I 0 

<_-C. Illue 

t o 1 

10 I 

i 20 I 

30 

1 10 I 

50 I 

00 I 

70 1 

SO 1 

i 00 

1 100 


10. Label each standard according to its value in terms cf oxidized and unoxidized bilirubin. 
{Obtain'd fr»m\ the Eastman Kodak Company, Rochester, X. Y. 



Table I 

A Comparative Study of tiie Quantitative Estimation oe Bilirubin as Influenced by UNO. 
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of the color change was determined by that point at which the maximum 
blue intensity was reached. The green color in all phases of the oxidation 
reaction was recorded in terms of botli yellow and blue which permitted a 
study of the relationship of shade to the ratio existing between the two 
primary colors. It was then possible to determine the percentage of oxidized 
bilirubin both by the increase in the blue intensity and by a decrease in the 
yellow. A few typical experiments are reported. 


Experimental Data . — The characteristic color change which takes place 
when pure bilirubin is dissolved in a simple oxidizing solution is due to its 
combination with oxygen from either the solution or the surrounding 
atmosphere. The speed with which the reaction takes place depends upon 
the oxidizing agent and a definite relationship exists between the reaction 
velocity and the availability of the oxygen. The oxidizing solutions which 
furnish this element in a readily available form bring about the color change 
without delay, while the more stable reagents which release the oxygen slowly or 
with difficulty produce the color transformation at a correspondingly retarded 
rate. 


The observations on nitric acid were especially significant since it has 
been the reagent of choice in the quantitative estimation of bile pigment. 
Although it is a powerful oxidizing agent, the oxygen may not always be in a 
readily available form, a fact which explains the extremely wide variations 
found in the oxidation reaction time with bilirubin. The amount of oxygen which 
is free to unite with the pigment depends upon the decomposition of the acid 
which liberates variable quantities of nascent oxygen and nitrogen dioxide 
on long-standing, with heat or in sunlight. Consequently, these three factors 
control the reaction velocity. A specimen of nitric acid which was partially 
decomposed by standing in the laboratory for about a year, when made up 
in the usual acid alcohol mixture developed the “characteristic blue green 
color in fifteen minutes. This is shown by the first solution in Table I which 
had actually undergone 95.1 per cent oxidation in that time. In conti as , 
strictly" fresh nitric acid always required more than a week to complete the 
oxidation reaction as shown by" Solutions 3 and 4. which were only" 72.4 an 
79.5 per cent, respectively, oxidized in seven days. Different specimens 
ordinary" nitric acid produced various results in the reaction time, dependm 0 
upon the degree of decomposition of the acid, but always ranging within 
the extreme limits of fifteen minutes on the one side to a week on the otliei- 
Some specimens produced the “characteristic blue green’’ color in f l0m 
twelve to eighteen hours as reported by" Hooper and Whipple, 1 while ot iers 
required from eighteen to twenty-four hours as given by" Rous and - e * 
ter. 3 Most specimens, however, brought about the color alteration at a 
entirely" different velocity", characteristic of the particular type of nitric aci 
By" comparing the typical results recorded for Solutions 2 and 3, it ma - ^ 
noted that ordinary daylight in the laboratory had no effect m hastening 
color change, whereas heat increased the reaction by" facilitating the c e c ° 
position of the nitric acid as shown by Solutions 3, 5, and 6. Solutions 0 31 
6 incubated at 38° C. were 64.6 and 59.0 per cent, respectively, oxic izec 
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twenty-four hours, whereas Solution ‘3, as a control at room temperature, was 
only 32.9 per cent oxidized in the same length of time. This gives an increase 
in the reaction velocity of 96 and 79 per cent respectively due to increased 
temperature. Certain specimens of nitric acid produced the complete oxida- 
tion of the bilirubin in four hours at 38° C. as reported by Riegel, Johnston, 
and Ravelin. 5 At that temperature, however, strictly fresh nitric acid always 
required more than three days to complete the color change, thus emphasizing 
that heat is only one of the three determinative factors in bringing about the 
color transformation by the liberation of oxygen from nitric acid. 


Irradiation of the acid alcohol mixture with ultraviolet light produced 
the same changes in its reaction time with bilirubin as did sunlight, heat, or 
long-standing. Preliminary observations showed that the nitric acid was the 
only constituent in the acid alcohol mixture that was influenced by this treat- 
ment. Bilirubin, however, was rapidy decolorized by irradiation, making 
it necessary to observe every precaution in preventing the light rays from 
coming in contact with the pigment, and therefore treatment of the acid 
alcohol mixture was carried out in another room. With ultraviolet light, it 
was possibe to regulate at any desired speed the oxidation reaction velocity 
of fresh nitric acid with bilirubin. Irradiation of the acid alcohol for ten 
minutes brought about the complete color change in four minutes, but at this 
velocity a lowering of the maximum blue intensity occurred from loss of 
Pigment by rapid oxidation. The time of exposux-e was gradually decreased 
until it was found that treatment of the acid alcohol for three minutes pro- 
duced the maximum blue intensity' in forty -five minutes with no appreciable 
loss of pigment, while the same solution without irradiation requii'ed more 
than seven day's. Light treatment for two minutes developed the complete 
color change in four hours and for one minute in eighteen hours, showing a 
direct relationship between the length of time the acid alcohol mixture was 
exposed to ultraviolet light and the reaction velocity' of the oxidation of 
bilirubin. 

Comparison of the curves in Chart 1, which records the development of 
t le ^ Ue intensity by the oxidation of bilirubin with nitric acid after one, 
P'o, and three-minute exposure of the acid alcohol mixture to xxltraviolet 
>g it, showed that the contour was essentially the same as curves recording 
>e effects of heat or long-standing on the same solution. The time required 
o complete the oxidation reaction was the only variation, a fact which is 
Ustrat °d by superimposing the control curve, plotted in hours instead of 
“mutes, over a curve having a more rapid velocity accelerated by irradiation 
r ’. ait Iu a11 instances, the oxidation reaction velocity was comparatively 
.qrn early in the process, becoming slower as the supply of available oxygen 
unis ted. Calculations made from the data recorded for Solution 3, Table 
-Mow that tlie strictly fresh nitric acid used in this solution accomplished 
]4 "! 1X ‘ r Cent of tlu ‘ total oxidation during the first twenty-four hours, and 
• per cent m the second twenty-four hours with an average of S per cent 

Won \ ■ rCma,,KlcP of tUe week - Wi >en the nitric acid was sufficiently 

ultraviolet light. us shorn, i„ Curve 3. Chart 1 ,„e s .pp y 
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mo ! 2 Ti r , y ° mSh Sreen ’ hesins with th ° oxidation of the first 

oxdrlh^l « b U ' 1 “ aUd ends wheu 50 Per cent of the pigment lias been 
oxidized; the second, consisting of all the various shades of blue green, begins 

as a continuation of the first stage and ends at the point of maximum blue 
’ l j nslt 3'- indicating complete oxidation of the bilirubin; the third represents 
lat portion of the oxidation reaction during which the blue intensity remains 

maximum ; * f f 0urth ’ as sll0wn at the end of Curve 3, illustrates the gradual 

fading out of the blue color (Chart 1). The color change as defined in this 
paper comprises the first two stages, since the third is constant and the fourth 
stage is characterized by a fading out of the blue color. The “characteristic 
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blue green” color described by Hooper and Whipple 1 appeals call} in the 
second stage, long before the maximum blue intensity is reached, an obser- 
vation also made by Riegel, Johnston and Ravdin." Since the formei investi- 
gators used the intensity of the blue color during this stage as a base foi 
their calculations in the quantitative estimation of bile pigment, one should 
note that consecutive quantitative estimations are not constant m hen made 
upon the blue intensity of the same solution during the blue green stage. 
This observation is also illustrated by Solution 8, Table I, which grossly was 
definitely well advanced in the blue green stage long before the initial two- 
hour reading was made, but showed an increase of 15.8 per cent in the blue 
intensity duriug the second two-liour period. From the foregoing observa- 
tions one may conclude that the blue green color represents a, stage of incom- 
plete oxidation of the bilirubin, and quantitative estimations calculated upon 
the basis of the blue intensity only, do not represent the total pigment content 
because the unoxidized bilirubin remains unrecorded. 



TIME IN MINUTES AND HOURS 


in — — illustrating the quantitative relationship between the yellow and blue intensities 

Pure hiiuTw srec : n , solution during the color change produced by the progressive oxidation of 
first i lvith nitrohydrochloric acid alcohol mixture. The heavy solid line shows the 

-Hi xu’ . ,una; f which the yellow is greater than the blue and the various shades of yellow 
rapid rlVi i ,, rapid Ca ll in the yellow was quantitatively compensated for by an equally 
oxidized tT t i e blue - so that the two curves met when exactly one-half of the bilirubin was 
hiti.i.1. : n '-' heavy dashed line which renresents the second stage in the oxidation or hilimhin 


begins ,, ,t he ueavy dashed line which represents the second stage in the oxidation of bilirubin 
slvclv niJiiSJ? 0 . "here the two curves cross or at the point where the blue begins to progres- 
> f renominate over the yellow and forms the various shades of blue green. 


Iu order to understand more fully the significance of the various shades 
0 gieen formed by the oxidative process, studies on the yellow intensity were 
<i necessary counterpart to the studies on the blue. Companion quantitative 
•studies were therefore made of both the yellow and the blue intensities on the 
•same solution, as shown in Chart 2, which illustrates the typical incomplete 
faction of nitric acid with bilirubin. The curve representing the quantita- 
ii e value of the yellow intensity is practically an inverted mirror image of 
ie blue and barring the slight unavoidable experimental errors in quanti- 
sation could be inverted and superimposed upon the line representing its 
counterpart. The rapid fall in the yellow intensity was quantitatively com- 
pensated for by an equally rapid rise in the blue, so that these two curves 
crossed when exactly half of the bilirubin had been oxidized, indicating that 
*° °' v ani1 iU ‘c the only primary colors involved in the oxidation reaction. 
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7lue of the 7 ' eSl ! 3 3S reC01 ' ded “ Table one finds that the estimated 
amount of ni°m7t . P .* us tbe blue corresponds closety to the known 

in the quantitative 7 ia mitlal soIutlon , a finding of practical importance 
of the shade of 1 f St ™ atlon of blle pigment. With this method, regardless 
it has not vei ^ 01 16 6Xteut to winch the bilirubin is oxidized, providing 

value of tli es ] P f SSet \ e Stas;e of m aximum blue intensity, the pigmentary 
tion reaeHn ^ ® accurateI y estimated at any time during the oxida- 

beainninrr 7'i 16 experilllental error, however, was increased slightly at the 

difficnltv°of V 16 61 n ° f tile C ° Ior cban g e ’ probably due to the physical 
difficulty of reading small amounts of yellow in a predominantly blue solution 

and vice versa, whereas no difficulty was encountered where the yellow to blue 
ratio was more equalized. 

The importance of considering the yellow intensity in the quantitative 
estimation of bile pigment is reflected in Table I by a comparison of the 
experimental error recorded after estimating solutions with a known pigment 
content, both by the older method and by those used in this investigation. 
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For example, when Solution 3 was estimated in twenty-four hours, by the 
copper sulphate and potassium bichromate standard with Filter No. 72, which 
records the intensity of the blue color only, the estimated pigmentary value 
was found to be 0.320 mg. per cent, giving an error of 69.23 per cent. In con- 
trast, when compared in the colorimeter with standard No. 3, the same 
solution was found to be 32.7 per cent oxidized with a yellow and blue con- 
centration of 0.692 mg. and 0.341 mg. per cent respectively, giving a total 
pigment content of 1.033 mg. per cent, with an experimental error of 0.67 per 
cent. This table illustrates that the yellow intensity in the green solutions 
which corresponds to the unoxidized bilirubin fraction if ignored is recorded 
as a part of the experimental error. 

The observations on the green color formed by the oxidation of bilirubin 
made during this investigation differ somewhat from the usual impressions 
given in the textbooks. It. is generally implied that biliverdin is the direct 
oxidation product of bilirubin. These experiments do not entirely contradict 
this, but tend to explain the manner in which the color of biliverdin is actually 
formed. The total oxidation of bilirubin completely transformed the yellow 
solution to a blue color commonly known as bilicyanin, while the partial 
oxidation formed a great variety of green shades, depending upon the extent 
of the oxidation. Based upon the present scientific classification of colors, 
these studies indicate that biliverdin is a mixture of bilirubin and bilicyanin 
rather than a definite entity. Coordinate quantitative studies on both the 
yellow and the blue intensities in the same solution illustrate that the oxida- 
tion reaction which was characterized by a gradual and progressive shifting 
in color from yellow through green to blue was accompanied by a quantita- 
tive transformation of bilirubin to bilicyanin. 

SUMMARY 

Stimulated by difficulties encountered in the colorimetric methods foi 
the quantitative estimation of bile pigments, a study of the quantitative 
color change through all phases of the oxidation of bilirubin has been made. 
The factors influencing the reaction velocity of the oxidation of bilirubin, 
aud the factors controlling variations in the resultant shades of green, yellou 
green and blue green have been investigated by the preparation and use o 
a series of suitable standards which are composed of definite mixtures o 
stable blue aud yellow dyes. 

It was found that the time required to complete the color change fiom 
yellow to deep blue varied with the specimens of uitric acid employed w uc 1 
in turn differed in their supply of free oxygen. External factors such as 
heat, light, and ultraviolet irradiation influenced the rate of oxidation o 
bilirubin by virtue of their direct effect upon the liberation of free oxy g ,u 
from the nitric acid. The blue green color generally employed in colorimetnc 
determinations represents a stage in the incomplete oxidation of bilirubin, an 
hence determinations based upon this method do not quantitatively represen 
the amount of bile pigment present in the solution. However, by the quan i 
tative estimation of both the blue and the yellow components, with the an o 
light filters and suitable dichromatic standards, the total amount of pigmen 
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in the original solution can be accurately determined at anj stage in the 
oxidation reaction. These experiments indicate that the bile pigment gen- 
erally designated as biliverdin is a mixture of biliiubin and its oxidation 
product bilicvanin. 

The authors take'great pleasure in expressing their sineere appreciation to Ieie G. Macv, 
Ph.D., for her generous aid during the course of this work. 
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demonstration of penetration of an antiseptic dye 
into the tissues of the genitourinary tract* 


Alfred Goerxer, M.D., and Frank L. Haley, M.D., Brooklyn, N. Y. 


|N VIEW of the fact that the effective results of a urinary antiseptic may 
be conditioned not only by concentration in which it is bacteriostatic and 
bactericidal, but also by the ability of the compound to penetrate into the 
tissues, it was considered to be of some interest to demonstrate such penetra- 
tion into the tissues lining the genitourinary tract. 

Experiments to show such penetration were carried out as follows : Irriga- 
t*ous of urethra and bladder were made on a series of male rabbits, using a 0.5 
per cent solution of the dye. This was supplemented by injections into the pelvis 
ot the kidney via ureter before removal of the entire genitourinary tract. The 
d>e used for these experiments was phenyl-azo-diamino-pyridine hydroelilo- 
ride (pyridium). 

In the preparation of histologic sections, difficulty was encountered in 
pieventing the dye from being leached out of the tissues by the various agents 
used for fixation, hardening, imbedding, and clearing. After numerous ex- 
periments with different procedures, it was found that the most satisfactory 
lhUukI was one in which the tissues were fixed in mercuric chloride solutions 

mt , nt 0f Blolosical Chemistry. Long Island College of Medicine. 
cciittMl for publication. May 10 , 1933. 
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I T ei ® ^ eneounteied in the ease of the alkaloidal reagents, such as picric acid 

' d Lu ff s soIutlon > which precipitate the dye, or in the case of alkalies which 
precipitate the tree base. 

Mercuric chloride was finally selected since it produced the least soluble, 
as we as t e most highly colored precipitate even in fairly dilute solutions. 
Be 01 e making this selection various other standard fixatives were tried, but 
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difficulty was always encountered either because the dye was not precipitated 
or was in fact leached out of the tissues by the fixing solution. Although 
mercuric chloride was found to be the best precipitant and fixative ordinary 
imbedding processes involving the use of alcohol and alcohol-ether mixtures 
for purposes of dehydration were found to bring about solution and diffusion 
of the mercuric compound of the dye into other nonstained parts of the tis- 
sues. The most suitable method for demonstration of the true extent of pene- 
tration was found to be as follows : Small portions of excised tissue are placed 
in bichloride solution for twenty-four hours, frozen sections are then cut, the 
sections floated in bichloride solution, mounted in glycerin, and photographed. 
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SOME EXPERIMENTAL STUDIES ON NEMBUTAL 
( PENTO-BARBITAL-SODIUM) 3 


M. W. Hemingway, M.D., 


J. VAN DE Erve, M.D., AND J. D. Booth, Ph.C- 
Charleston, S. C. 


JN TESTING a constant pressure apparatus, with which we wished to be able 
to inject glucose solutions intravenously at a definite rate over long periods, 
of tune, it was found convenient to employ an anesthetic. Nembutal was se- 
ectecl, because of its rapidity of action, and shorter acting time than the other 
aibituiates. Urine was to be collected and tested for reducing substances. 
It was observed that very little urine was obtainable during the period of 
narcosis. 


I*ee has shown that water diuresis established in decerebrate dogs, by 
the administration of water through the stomach tube, is checked by the ad- 
ministiation of chloroform, ether, ehloralose, or morphine in doses commonly 
employed to produce anesthesia, and the inhibition lasts, roughly, for the same 
length of time as the narcotic effect. 

Frey,- in his experiments on rabbits, using urethane, chloral hydrate, and 
morphine, found that diuresis was decreased whether the water was adminis- 
teied by mouth, by rectum, or through an intestinal fistula. 

Ogden demonstrated the inhibition of water diuresis by amytal, and 
Maix 1 concluded that amytal had a strong antidiuretic effect on dogs, and 
moreover may cause a retention of substances in the blood ordinarily excreted 
through the kidney's. 

Swanson and Slionle, 0 in their pharmacologic study' of nembutal (pento- 
baibital-sodium), pointed out the fact that nembutal is an isomer of amytal, 
the difference being in the alkyl side chain, the methyl group in the amytal 
molecule being attached to the y-c-atom of the side chain, while in the iso- 
amytal molecule the methyl group is linked to the a-c-atom. The position of 
this methyl group seemingly' has a great influence on the physiologic activity'. 

1 he disputed cpiestion as to the effect of amytal on blood sugar 6 ’ s ’ 9 ’ 10 
raised the question as to the effect of pento-barbital-sodium on the blood sugar 
level of a fasting animal. 

Hines, et al., 11 showed that a greater hypergly'cemia and a marked in- 
crease of glycosuria existed when glucose solution was injected intravenously' 
under amy'tal anesthesia than in the control experiments on the same animal; 
whereas Brill 12 concluded that sodium amytal had a marked inhibiting effect on 
the liypergly'cemia produced by morphine. 


•From the Department of Physiology, Medical College of the State of Soutli Carolina. 

738 



739 


HEMINGWAY, ET AL. : EXPERIMENTAL STUDIES ON NEMBUTAL 
experimental 

Five mongrel dogs in normal condition, so far as could be determined by 
blood and urinary laboratory methods and physical examina ion nm 

Each dog received 1 c.c. (1 c.e. - 1 gr.) nembutal (pen ^d^u^ 

Abbott) per 5 pounds body weight. The dogs varied from U to poi - 
weight. The dogs were fed their usual kennel rations at2M 
ceivedno feeding other than water, winch was alwajs acc . - • • 

accustomed to the laboratory and any excitement was avoided as much as 

^The next morning, about sixteen or eighteen hours after last food given, 
they were brought into the laboratory, and 3 c.c. of blood was obtained > 
venous puncture of the saphenous vein, and oxalated to piev 
Serum was obtained by allowing 2 e.c. of blood to clot. _ 

Water ranging from 200 c.e. to 300 c.c.. depending on the size of the animal 
was given by stomach tube. The bladder was emptie imme la e y, a 
emptied at twenty-minute intervals thereafter, and the amount measuier 

recorded. Normals for urinary output under water dimesis, oo su 0 ar, u , 

nonprotein nitrogen, and total serum protein were obtained foi eac 1 o ■ 

The blood samples were secured at approximately hourly intervals, and 
until such time as the animals indicated that they were leacting well loin e 
anesthesia as manifested by attempts to raise head, stand, etc. 

The nembutal was injected intravenously at such a rate that the animals 
were unconscious at the termination of the injection. During the injection, t e 
respiration always quickened. Injecting too rapidly produced a rapid, jerky 
respiration. The respiration became slow, full, and deep as soon as the ani- 
mals were unconscious. There never was any period of excitement, and the 
same results were always obtained on subsequent injections on the same animal. 

On the dosage given, 1 c.c. per 5 pounds (1 e.c. — 1 gr.), a surgical anes- 
thesia was obtained in about five minutes and persisted from forty -five to fifty 
minutes. The dogs remained asleep a variable length of time, but all were 
showing definite signs of awakening within three and a half hours and usually 
were on their feet in four to four and one-half hours with only slight ataxia 
and incoordination persisting. 

The normal urinary output, and the output under nembutal anesthesia, 
have been charted (Chart 1) for each dog to show the decrease in the urinary 
output. 

Only one record for each dog is shown to avoid confusion on the chart, but 
several records on each were made, and all responded in a like manner. In- 
creasing the dosage of nembutal, as little as 0.5 e.c. resulted in a greater de- 
crease in the urinary output. In Dog 17, increasing the dosage from 3 c.c. to 
3.5 e.c. resulted in anuria during the period of narcosis. 

IVitli an increase in the total dosage of nembutal a longer period of 
anesthesia resulted, both in the period of surgical anesthesia and in the time in 
which reaction was first noted. 

In only one instance (Dog 10) did an active diuresis seem to begin after 
'be animal began to react. It is possible that during tlie longer time in which 
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narcosis is present sufficient water is lost by other routes, other than through 
the kidney, so that there is not sufficient excess water present to produce an 
active diuresis. 

Marx, II. 1J states that amytal has an influence on the cerebral centers, 
regulating metabolism of water, and that it also influences the endothelium of 
the capillaries, changing the permeability; from which he concluded that the 
hypnotic directs the water to the tissues of the body in general, instead of 



to the kidneys. We are inclined to believe that nembutal has a similar action. 
This action is not peculiar to the barbiturates alone, as it is possible to produce 
edema by injecting sodium chloride infusions quite readily, if chloroform, 
ether, or chloral hydrate has been used to anesthetize the animal. 

From Pratt V work, one can infer that the liver breaks down and detoxifies 
pento-barbital, because in experimental lesions of the liver, produced by chloro- 
form, nembutal iu the usual dosage produces prolonged narcosis. 

We thought is might be interesting to note the blood chemistry changes, 
if any, diu’ing the period of narcosis, and if repeated injections would result 
in damage to the liver and kidneys. 




HEMINGWAY, ET AE. : 


EXBEUIMENTAl. STUDIES ON NEMBUTAL. 


741 


Since the blood chemistry studies were in agreement with each dog 
tested, the results of the study of one dog only are tabulated (Table I). 


Table I 


TIME 

DOG 10 

BLOOD SAMPLES 

P. 

5 

\ 

i 

7 5 

|5 | 

If g 1 

< 5 S ■< 

3 7% z* UZ 

3 S Si; ~ 

05 55 W P 

^ £ 

V: § 

1 g g | 

5 S '5 m 

» Y K r* 

§ . < § 

2 3 7: y. 

2 t £ | 

-s; i. 

2 2 'a 55 

- /*. i- 

* ~ y "3 

Y, < Y. 

0 

2 ^ 

1 § s 

U 2 % 
sa S 

Y. Y. < 

i«:00 A.M. 
10:20 

11:20 

12:20 p.m. 
1:20 

First sample 
.Second sample 
| Third sample 
Fourth sample 
> Fifth sample 

64.15 

64.7 

74.3 

76.2 

7S.7 

103.2 

76.2 

88.5 

00.5 

19.1 

20.6 

20.3 

20.3 

20.4 
22.6 
21.6 

21.4 

21.5 

5.4 

5.7 

5.9 

5.7 

5.2 

4.8 

4.53 

4.41 

4.71 

25.2 

26.2 
26.4 
26.1 

23.6 

20.8 

18.5 

23.2 

24.2 


There was in each instance a slight rise in the blood sugar levels, though 
not sufficient in our opinion to warrant the conclusion that nembutal raises 
the blood sugar level. The rises noted might be accounted for by the metabolic 
changes occurring during that length of time. 

Because of the interest and controversy in regard to the effect of amytal 
on the blood sugar level, the results of the five dogs studied will be tabulated 
below (Table II). 

The blood samples were obtained as follows: 

Sample 1, before giving water 
Sample 2, 20 minutes after giving nembutal 
Sample 3, 1 hour after second sample 
Sample 4, 1 hour after third sample 
Sample 5, 1 hour after fourth sample 


Table XI 


Blood Sugar During Nembutal Anesthesia 



dog 16 

DOG 10 

DOG 20 

DOG 19 

DOG 17 

First sample 

55.5 

78.7 

57.8 

85.1 

58.3 

Second sample 

58.2 

103.2 

66.2 

93.4 

68.9 

fjiird sample 

71.S 

76.2 

83.4 

94.3 

64.7 

^yacth sample 

74.1 

88.5 

83.5 

71.2 

64.1 

_ 1 if ih sample 

66.2 

90.5 

75.6 

71.5 

63.5 


In one of our experiments, in which we were injecting a glucose solution, 
> per cent, intravenously, we found the blood sugar level to rise to 256 mg. 
Pei 100 c.c., without producing any diuresis. While further experimentation 
011 t * 1 ‘ s P°i»t is necessary, it indicates that the inhibition of water diuresis, 
Piodiieed by nembutal, cannot be broken by infusions of glucose at such a 
1,1 e that the renal threshold is exceeded. 

Ihree of our dogs have received repeated injections (1 c.c. per 5 pounds 
( l L ' L ' - “ 1 " r 'l ) at intervals of six clays. Dog 16 has had 8 injections and 
alul 1!) ten such injections. The animals did not lose weight and 
men- blood chemistries and 
hffer the last injection. 


urinalyses were within normal limits one week 
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TO SUMMARIZE 

1. Nembutal seems to be an efficient and rapidly producing anesthetic, 
with no initial period of excitement, with a shorter period of narcosis, and 
a relatively shorter reacting time than the other barbiturates. 

2. Water diuresis in dogs is inhibited by doses of nembutal (pento- 
barbital-sodium, Abbott), sufficient to produce anesthesia. (Dose: 1 gr. per 
5 pounds body weight.) In one of our dogs, increasing the dosage, a com- 
plete suppression of urine followed, during the period of narcosis. 

3. There is a slight change in the blood sugar during the period of 
narcosis. 

4. Blood chemistry studies, including urea, nonprotein nitrogen, and 
total serum protein, were not appreciably affected during the period of 
narcosis. 

5. Three dogs, receiving as many as S to 10 injections at intervals of six 
days, showed no changes in hepatic or renal functions that could be detected 
by the usual blood and urine laboratory examinations. 
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THE 0® OE HYDROGEN PEROXIDE IN ME QUANTITATIVE 

estimation of BILIRUBIN in ULL 


E. A. Peterman, M.D., and Iiiomas 


B. Cooley, M.D., Detroit, alien. 


TS A CRITICAL study of the whit* are 

br — xi zLf f ^ 

to consider the unoxidized pigment ft actio demonstrated that 

green color used in malting •*?“”£•£££££, depends upon the 
the amount of free oxygen which co - nitric acid used in mak- 

degree of decomposition of the different specimen. tre mely wide varia- 

ing up the oxidizing solution and this t he various 

tmns in its oxidation reaction time ^ nitric acid stan ding in the 

degrees of spontaneous decomposition e ' ant % ariable which renders the results 

different laboratories, presents an incon. ■furthermore it was 

on the quantitative estimation of bilirubin mcompa. cab Fm.lt « -M v 

shown that the changes in the color of the pigment s^utmn Mere prod h>^ 

gradual and progressive oxidation of : the t ! ons5dere d colorimetri- 

bilicyanin, each of which must be estimated sepaia e j . . j rea ction 

the pigmentary value of the green solutions produced m the oxid l™* *. 

In the present report an attempt has been made to eliminate er ™ « 
to the variability of the nitric acid by replacing it with hydrogen peroxide 
which gives a more constant and rapidly available source of free oxj en. The 
difficulties as well as the errors involved in estimating the pigmentary value 
of the blue green color are eliminated when the readings are made later in 
the oxidation reaction, namely, during the stage of maximum ue m ens ) 
The final colorimetric readings with hydrogen peroxide as the source of av - 
able oxygen in the oxidizing solution can he made witlim thirty minutes in- 
stead of the former from eighteen to twenty-four hours, thus giving a simpli- 
fied, rapid and accurate method for the cpiantitativ e estimation o le 1 
ruhin in bile. 

[’REPARATION OF SOLUTIONS 

Stock Bilirubin Solution .—' Transfer 25 mg. of pure bilirubin! to a clean 
dry 100 c.c. volumetric flask and make up to volume with chloroform. 

Nile Blue Sulphate Solid ion .—' Transfer 15 mg. of nile blue sulphate? to a 
100 c.c. volumetric flask and make up to volume with 05 per cent ethyl alcohol. 

•ReccLcd for publication. June 27. 1923. 

This study* was made possible by a grant and the facilities of the Research Laboratory 
"f the Children's Fund of Michigan and the Childrens Hospital of Michigan. Detroit 

tThe bilirubin was obtained from the Eastman Kodak Company, Rochester, New* "York. 
tNlle blue sulphate (diethyldlaminonaphthophenoxazine) <Cz> Hra Ni O): SO t made by 
The Coleman and Bell Company. Norwood, Ohio, was used. 
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Oxidising Reagent . — A solution of 2 c.c. of concentrated hydrochloric acid 
and 0.4 c.c. of 30 per cent hydrogen peroxide - ’* is made up to 100 c.c. with 95 
per cent ethyl alcohol. 

STANDARDIZATION OF TIIE DYE SOLUTION 

Transfer 1 c.c. of the stock bilirubin solution into each of five 25 c.c. volu- 
metric flasks and dilute to volume with the oxidizing reagent. After thoroughly 
shaking allow the solution to stand for thirty minutes at room temperature 
until the blue color develops. Dilute 10 e.e. of the nile blue sulphate solution 
to 500 c.c. with 95 per cent ethyl alcohol. Using the 1 mg. per cent solutions 
of oxidized bilirubin as standards determine the bilirubin equivalent of the 
diluted blue dye solution. The average of the five determinations should he 
taken as the final result. Place the AV ratten Monochromatic Light Filter No. 
72f over the eyepiece of the colorimeter when making the readings. Calculate 
the values for the dye solution by the formula as follows: 

Reading ot' Concentration of standard 

standard * in mg. per UK) c.c. Bilirubin equivalent of the blue 

Reading of unknown dye in mg. per 100 c.c. 


Method for the Determination of Bilirubin in Bile $ — Transfer 1 c.c. of the 
bile to be analyzed to a clean dry 50 c.e. volumetric flask and make up to 
volume with the oxidizing reagent. After thoroughly shaking allow the solu- 
tion to stand for thirty minutes at room temperature until the blue color de- 
velops. Clear the solution of precipitated mucus in the centrifuge or bj 
filtering and compare intensity of the cleared solution in the colorimeter with 
that of the stable blue standard. Place the Wratten Monochromatic Light 
Filter No. 72 over the eyepiece of the colorimeter before making the readings. 
The calculations are made as follows: 


Reading of 
standard 


Concentration of standard 
in mg. per 100 c.c. 
Reading of unknown 


x dilution 


= Mg. of bilirubin per 100 c.c. 


The experimental error of the method with known solutions of pure bili- 
rubin is less than 2 per cent. The variation in results with bile itself, howevei, 
is increased at times to nearly 5 per cent due to the inability to deliver aliquot 
specimens of mucus laden fluid from the ordinary pipette. For this reason 
triplicate determinations should be averaged in order to reduce the experi- 
mental error to a minimum and every precaution should be exercised in uni- 
formly draining the pipette. 


♦Merck’s hydrogen peroxide, 30 per cent (Superoxol). r'odaK 

tWratten Monochromatic Light Filter No. 72 was obtained from the Eastman v ^ 
Company, Rochester. New York. The shade of the llnal blue color developed iron ire- ())e 
for the readings is sufficiently constant to eliminate the use of . "\' s , alter 

flnal tint is changed by the presence of other pigments m the gallbladdei and this a 
nates such interferences. Filter No. 72 permits the intensity of the blue rays onU ^ 

iExperiments show that tlio priniepies of this method may be applied to m 1 Us 
tive estimation of bilirubin in serum and urine. Further work is m progress on the her 
of the technic. 
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DISCUSSION' 

Although bilirubin is the parent cliromogenic substance in bile, there may 
be other pigmentary substances formed on standing through its oxidation, le- 
duetion, hydrolysis, or conjugation with other bile constituents. Due to the 
fact that bilirubin is an unstable pigment, quantitative estimations should be 
made upon strictly fresh bile before any spontaneous chemical changes occur 
to cause the loss of pigment. Because of the natural affinity of bilirubin for 
oxygen, which it quickly absorbs from the solution or the surrounding atmos- 
phere, spontaneous oxidation is frequently the earliest change that occurs in 
fresh bile and may even take place within the gallbladder, while it invariably 
occurs subsequent to removal from the body and exposure to the air. Colori- 
metric studies indicate that bilicyanin, which is the direct oxidation product 
of bilirubin, is present in greater or lesser amounts in the specimens of bile 
which have already turned green from spontaneous oxidation. Although both 



10 lo 30 AO 50 M CIO 1:20 130 MO ISO 200 2:10 220 

TIME III MIHUTES AND H0UB5 


m ,, }■ — Illustrating the four stages in the progressive oxidation reaction of a 1.024 

oxldizlno V? , so . lutlon of pure bilirubin with the hydrogen peroxide-hydrochloric acid-alcohol 
' ° reagent and the relationship of the two pr imary colors which form the green solution, 
rubln ml 11 !?} 3ta ge is yellowish green color due to the predominance of the unoxidized bili- 
hllfcviinln idV /1 ox ‘ dat ! on product, bilicyanin ; the second stage is blue green color due to the 
tensitv , I latns , ov ?t the bilirubin; the third stage represents the maximum blue in- 

die oxlibitinnixl f .‘. om * the bilirubin by oxidation and illustrates the most reliable position in 
•‘’Ingle monoch^™il? n £? r quantitatively estimating the total pigment content by means of a 
fad c . 3 out nnnnromatlc blue standard ; during the fourth stage the blue intensity gradually 


spontaneous and induced oxidation transform the bilirubin to bilicyanin, it so 
lappens that the oxidizing reacts with both pigments so that the bilicyanin 
Piewously formed by spontaneous oxidation may be further oxidized to color- 
iss end-products by the time the remainder of the bilirubin is oxidized to 
I Experience shows that 2 or 3 per cent of bilicyanin mixed with 

m ilirubin gives the solution a definite greenish tint, and yet, this amount is 
" mi the limits of the experimental error, so that even though the bile speei- 
Wen ls ^’ghtly greenish the simple method described above is sufficiently ac- 
som o t01 practical purposes. In specimens which have undergone greater 
lm . t - U “^ US oxulation ’ however, it becomes necessary to make separate colori- 
<hs,.,-l) e 7 mat,ons of the Uvo constituent pigments, bilirubin and bilicyanin, as 
a m 11 Previous publication 1 and illustrated in Table I. 
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There are four stages in the complete oxidation of pure bilirubin as shown 
iu Chart 1 and Table I. During the first stage, the yellow unoxidized bilirubin 
predominates over its blue oxidation product, bilicvanin, while during the sec- 
ond stage their ratio is reversed and forms the blue green color generally used 
in colorimetric comparisons. It has been demonstrated that the blue gieen 
color represents a stage of incomplete oxidation of bilirubin, and quantitative 
estimations made during this stage not only require the determination of the 
oxidized bilirubin but also the pigment fraction that remains unoxidized. 

For such a determination it is necessary to employ the more complicated 
series of dichromatic green standards which contain the primary colors mixed 
in an inverse ratio. 1 In contrast, the present accurate yet simplified method 
for determining bilirubin utilizes the maximum blue intensity of the third 
stage of oxidation for the colorimetric readings and requires but a single mono- 
chromatic blue standard. As the oxidation progresses from the second into the 
third stage the color changes from the blue green to blue, and the curve for 
the blue intensity ceases to rise, remaining at the maximum level for con- 
siderable time, due to the fact that at this time the available oxygen is nearly 
depleted and the oxidation velocity is comparatively slow. Since the time 
limits of the third stage are sufficiently long to permit readings of a series 
of solutions without undue haste and the blue color remains constant during 
this stage, it offers, therefore, the most reliable period during the oxidation 
reaction of bilirubin in which to quantitatively estimate the total pigment 
content by monochromatic methods. 

Through the introduction of hydrogen peroxide to replace tlie nitric acid 
m the oxidizing solution, the practicability of using the third stage for the final 
readings is made possible. Because of its labile oxygen, hydrogen peroxide 
has the ability to complete tlie oxidation of bilirubin to bilicvanin within 
thirty minutes instead of the former eighteen to twenty-four hours. The 
maximum blue intensity developed with hydrogen peroxide from a known 
amount of pure bilirubin is remarkably constant, varying only with the amount 
°f pigment in the initial solution. Slight alterations in the amount of hydro- 
gen peroxide do not alter the height of the maximum blue intensity but only 
serve to increase or decrease the length of time the blue intensity remains at its 
maximum. The same is time for variations in the hydrochloric acid in the 
oxidizing solution. In order to make accurate readings on both the yellow 
and blue colors in the same solution as shown in Chart 1, the reaction time 
of bilirubin with hydrogen peroxide was prolonged from twenty minutes to 
fit I J -five minutes by reducing the amount of hydrochloric acid in tlie oxidizing 
■so ution from the usual 2 per cent to 1 per cent. With the use of a single 
monochromatic standard, however, the maximum blue color only is considered, 
ami therefore, tlie more rapid reaction obtained with higher acid content is 
tlie more desirable. 

Pure bilirubin may be used as a standard by treating the stock bilirubin 
• 'mi ion in the same way as tlie unknown, but when it is used tlie solution in the 
j«> ormietor cup must he changed with each unknown, as the prolonged eata- 
- »e effect of the strong colorimeter light upon the oxidation of the standard 
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is sufficient to alter the results. Because of this difficulty the procedure is 
greatly facilitated by using a stable blue dye standard which is not affected 
by the light. Although the artificial standard is photostabile the oxidation of 
the pigment in the bile solution is hastened by the influence of strong light, 
and for this reason the reading of the unknown should be made promptly, 
once the solution is placed in the colorimeter. A standard composed of an alco- 
holic solution of an organic blue dye, nile blue sulphate, was found to be prefer- 
able to an aqueous solution of the inorganic salt, copper sulphate, which was 
previously used for this purpose. 


SUMMARY 

A simplified, rapid, and accurate method for the quantitative estimation of 
bilirubin in bile is presented in which hydrogen peroxide with its more con- 
stant and available source of free oxygen has been substituted for the nitric 
acid in the oxidizing reagent, thus eliminating errors due to the variability of 
the different specimens of nitric acid. The final colorimetric readings can he 
made within thirty minutes instead of the usual eighteen to twenty-four hours 
and at the maximum blue intensity instead of during the variable blue green 
color stage, making it possible to nse a stable monochromatic organic dve, nile 
blue, as a standard for quantitatively estimating bile pigment. 

The authors take great pleasure in expressing their sincere appreciation to Tcie G. Mac.', 
Ph.D., for her generous aid during tire eourso of this work. 
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A METASTATIC TUMOR OP THE TRICUSPID VALVE ARISING IN A 
CASE OP MALIGNANT TERATOMA OP THE TESTIS* 


J. R. E. Morgan, Toronto, Canada 


TPIIIS report deals with a case of teratoma of the testis in which an unusual 
tumor growth of the tricuspid valve of the heart was found at autopsy. The 
mass had produced no symptoms during life, and its presence was not sus- 
pected. 


The history was briefly as follows-. Seventeen months before death, the 
patient first noticed a swelling in the left side of the scrotum. This tumor 
grew rapidly, and on removal four months later was the size of an orange. 
The pathologic report on the specimen was teratomatous tumor of the testis. 

Three months later he was readmitted to the hospital with a large mass 
m the left side of Iris abdomen. A laparotomy was performed and a large 
inoperable tumor the size of a grapefruit was found. Sections taken for 
biopsy were diagnosed secondary teratoma of the abdominal lymph glands. 
-Microscopic sections showed the tumor to consist of a hemorrhagic and necrotic 
fibrous stroma containing early cartilage cells, cysts, and glands. The lining 
of the glands was of a low columnar epithelium, while some cysts were lined 
by a low cuboidal epithelium and others by stratified squamous epithelium. 

Following discharge from the hospital, the patient’s condition became 
rapidly worse, and on his last admission three months later, he complained of 
shortness of breath, pain in the right chest, weakness, and loss of weight, 
i hysical examination revealed almost complete loss of resonance over the right 
chest, tracheal displacement to the left, clubbing of fingers and toes, and a large 
abdominal tumor. 


At autopsy large tumor masses were found in the abdominal and pleural 
cavities. These tissues were irregular, soft, and hemorrhagic with many cystic 
•neas scattered throughout the fibrous stroma. The microscopic picture was 
as above described. 


* ttucll(;d to the tricuspid valve were a number of curious, irregular masses 

made up of about 20 cystic structures (see Pig. 1). This tumor growth was 

> cm. in ength and was firmly attached to the valve cusps, and with each of 

t| S ^ Stle • strue tures pedunculated and waving in the blood stream. Most of 

m umor consisted of small yellowish white, firm, thick-walled cysts about 

™ ° l a match llea< t joined together by fibrous connective tissue. There 

<- e a so tw ° l ,i, - ge thin-walled cysts situated at either end of the mass. These 

ure,Uo Ie S °- t ’ ftuctuant ' fiUed with a elear yellowish, watery fluid and meas- 
i..i cm. m diameter. 


"l-rom the Department of 
Rxeiv.-J for publication. 
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The principal tissue of the tumor was composed of a pale staining dense 
fibrous connective tissue. In some areas it was very compact and acellular, 
while in others, the wavy fibers were rich in deep staining nuclei, tending to be 
fusiform in shape. 

The tumor masses were covered by a single layer of endothelial cells simi- 
lar in appearance to those of the normal endocardium. Small thrombus masses 



Fig. 1. — Gross appearance of cystic tumor of tricuspid valve. 



Fig. 2. — Microscopic section of epithelial lined cyst from tricuspid valve. 

were found attached to the surface of the tumor. These consisted chiefly °f a 
loose fibrin meshwork, containing many platelets and leucocytes. In a few 
areas the endothelial covering of the tumor was broken, and the thrombus was 
adherent to the fibrous tissue. The tissues were quite vascular. 

The sections of an individual mass revealed several small cystic spaces. 
The lining of these cysts was variable in nature. One was lined in pait J a 
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single layer of low cuboidal epithelial cells and partially by what appealed to 
i>e squamous epithelium. The cavity was filled by a small mass of desquamated 
epithelium. The fibrous connective tissue about the cyst was more dense and 
cellular than in other areas. One cystic cavity was completely lined by 
stratified squamous cells. This lining varied in thickness from five to fifteen 
cells, the upper layers being only slightly flattened. The basement membrane 
of the epithelium was very poorly defined. Occasionally the epithelium was of 
columnar character. There were also a few r small clumps of cells scattered 
throughout the sections which presented the picture of early mesenchymal 
cells, showing a tendency to differentiate into cartilage. 

SUMMARY 

A tumor metastasis upon tricuspid valve is reported, the primary tumor 
being a malignant teratoma of the testis. The sections examined presented (1) 
a somewhat acellular fibrous connective tissue stroma, containing large areas 
of mucoid degeneration covered by a single layer of endothelium upon which 
were many thrombi ; (2) the tissue contained cysts lined by both cuboidal and 
stratified types of epithelial cells; (3) there were present small capillary 
spaces filled by red blood cells; (4) small areas of mesenchymal cells suggestive 
of early cartilage formation were also present. 


THE CAUSATIVE ORGANISMS OF PNEUMONIA IN CHILDREN IN 

EGYPT* 


lr - A - Cohar, M.R.C.P., D.P.H., D.T.M., and II., Dn>. Bac., London, Eng., and 
M. A. Abboud, M.B., B.Ch., Cairo, Egypt 


r jpiIIS work has been undertaken to find out the common causative organisms 
of pneumonia in children in Egypt for which purpose specimens taken di- 
lectly by lung puncture at that pait v T hich clinically showed most physical signs 
were sent to the laboratory. The investigation was carried out during the three 
months from October to December, when pneumonias are most common in 
J o} pt, particularly in the middle part of that period. 

Fifty-two cases were available. Thirty-seven were out-patients (25 males 
mid 12 females) and fifteen in-patients (10 males and 5 females). The ages 
'aried from four months to five years. 

Thirty-five patients exhibited lobular distribution (S right, 11 left, and 16 

lorn 0 " 11 )' TCn WCrC of the lobar fyP e aud 6 probably so (10 right and 6 
); one case was of the pseudolobar type (right). Of the former, one was 
■ Related with an empyema (syn-pneumonie) , two with slight pleural effusion 
• a one with meningitis probably secondary to the lung condition. Of the 
•u cases 3 were complicated with a syn-pneumonic empvema. The disease 
inary m 31 cases, definitely secondary to whooping cough in 2, and prob- 

* ***** Cairo. 
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ably so in more, and secondary to infections of the upper respiratory tract 
in 14. In one patient the disease was of a tuberculous origin as verified by 
postmortem examination, although during life no evidence of tuberculosis was 
present. 

The majority of out-patient eases could not be traced satisfactorily; two of 
the patients are known to have been cured. Of the in-patients 12 were cured, 
one improved, and 3 (one of them tuberculous) died. 

EXPERIMENTAL 

The specimens obtained by lung puncture and sent to the laboratory in 
steiile test tubes were plated out without delay on plates of blood agar and 
Fildes peptic blood digest medium, incubated at 37° C. and examined after 
twenty-four hours and thereafter. To the remaining fluid in the test tubes 
broth was added, taking the necessary precautions to prevent contamination, 
and the tubes were likewise incubated at 37° G\, so that in ease the plated 
specimens proved sterile, there would still he hope of finding organisms by re- 
sorting to the broth cultures. These broth cultures, however, were only resorted 
to in very few instances, as it was possible in the great majority to obtain growth 
by primary cultivation. The colonies on these plates were examined, and 
pure cultures were made. Whenever necessary, biochemical and serologic re- 
actions and pathogenicity tests were performed in order to determine the exact 
nature of the organism. With such organisms as frankly hemolytic streptococci 
and staphylococci, obviously such procedure was unnecessary, the appearance 
of the colonies and the films being quite sufficient. For the differentiation be- 
tween Pfeiffer’s bacillus and Bordet-Gengou’s bacillus, the culture characteristics 
were largely depended upon, the better growth of the former on Fildes’ medium 
and of the latter on Bordet's medium, etc. Sera were not available. Without 
producing all the protocols, it will be enough to mention that out of the 52 
specimens sent for bacteriologie examination, 31 specimens were found to contain 
one kind of organism, 17 more than one, and 4 wore sterile. The results are 
shown in Tables I and II. 

Table I 

Cases Showing the Presence op One Kind op Organism. 31 Specimens in All 


NO. OP SPECIMENS NATURE OP ORGANISM PER CENT 


8 Pneumococcus 16 

5 Hemolytic streptococcus 10 

7 Nonhemolytic 14 

2 Staphylococcus 4 

6 Pfeiffer's bacilius 40 

4 Bordet-Gengou’s bacillus S 


It will he seen that out of 52 cases, pneumococci were present in 13, hem- 
olytic streptococci in 9, and nonhemolytic streptococci in 11 cases, either alone 
or in association with other organisms, and that these are evidently responsible 
for the great majority of eases. 

As typing of pneumococci from cases of pneumonias was to our knowledge 
not done in Egypt, owing to the relative infrequency of pneumonias in adnlts 
and the difficulty of obtaining a reasonable number of strains to work with, 
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Table II 


Cases Showing the Presence oh More Than One Kind oh Organism 
17 Specimens in Aim. 


NO. OP SPECIMENS 

NATURE OF ORGANISMS 

PER CENT 

2 

Pneumococcus and staphylococcus 

4 

i 

Pneumococcus and X. eatarrhalis 


i 

Pneumococcus and Friedlander *s bacillus 

o 

i 

Pneumococcus and M. tetragenus 

o 

Hemolytic streptococcus and staphylococcus 

4 

2 

i 

Hemolytic streptococcus and diphtheroids 

0 

Konhemolytic streptococcus and staphylococcus 

4 

2 

Xonhemolytic streptococcus and B. Pfeiffer 

4 

i 

Staphylococcus and B. Pfeiffer 


i 

Staphylococcus and X. eatarrhalis 


i 

Staphylococcus and Bordet-Gengou-bj bacillus 


i 

Staphylococcus and Friedlander ’s bacillus 


i 

B. Pfeiffer, hemolytic streptococcus and an aerobic ter- 
minal spore bearer (probably a contamination) 



Table III 


TYPE OF DIS- 
EASE 

CAUSATIVE ORGANISM 

no. or 

CASES 

' 

Pneumococcus 

4 


Pneumococcus and B. Friedlander 

1 

Definitely lobar 

11 cases 

Hemolytic streptococcus 

Hemolytic streptococcus and diphtheroids 

2 

1 

Pneumococcus and AL tetragenus 

1 


Staphylococcus and X. eatarrhalis 

X 


H. influenzae 

1 

f 

Hemolytic streptococcus and staphylococcus 

1 

1 Lobar J 

B. influenzae 

3 

6 cases 1 

Sterile 

1 

l 

.Bordet-Gengou's bacillus 

1 


'Sterile 

o 

o 


Pneumococcus 

4 


Hemolytic streptococcus. H. influenzae and spore 
bearer 

1 


Pneumococcus and X. eatarrhalis 

1 


Pneumococcus and staphylococcus 

2 


Hemolytic streptococcus 

Bordet Gengou’s bacillus 

3 


3 

35 cases 

Xonhemolytic streptococcus 

7 

Xonhemolytic streptococcus and staphylococcus 

2 


Staphylococcus 

9 


Staphylococcus and Hemophvlus influenzae 

1 


H. influenzae 

1 


Xonhemolytic streptococcus and H. influenzae 

2 


Hemolytic streptococcus and staphylococcus 
Staphylococcus and Bordet-Gengou’s bacillus 

1 


1 



Staphylococcus and B. Friedlander 

1 


thought advisable to do typing on the few available strains of pneumo- 
It°nl fn ate< ! fl '° m ouv cascs - For typing, sera sent us by courtesy of the 
1 ‘ L ‘ r I,lstltute werc used :uld for the preparation of emulsions pure 
..., . ° n 111,11 a " :ir wo 1 * employed. The serial method of dilution of serum 
adopte‘1, and the mixtures incubated in a water-bath at 50= C. for four 
Us. The result is shown in Table IV. 
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Table IV 


TTPES OF PNEUMOCOCCUS 

NO. OF SPECIMEN'S 

PER CENT 

Tvpe I 

2 eases 

15 

Type II 

3 cases 

24 

Type III 

2 eases 

15 

Group IV 

6 eases 

46 


It must be admitted that the number of strains is hardly sufficient to come 
to any conclusion as to the distribution of types of pneumococci isolated from 
eases of pneumonia in Egypt. It is our intention to proceed with the collection 
of more strains in order to be able to give more reliable results, but the figures 
as they are will give an approximate idea about the distribution of the various 
types. 

SUMMARY AXD COXCLUSIOXS 

1. Fifty-two eases of pneumonias occurring in infancy and childhood in 
Egypt were examined, 35 being of the lobular and 17 of the lobar type. 

2. The disease was primary as far as the history and examination showed 
in 3 eases and secondary in the remainder, being secondary apparently to 
whooping cough in 6, and to infections of the upper respiratory tract in 14. 

3. In 31 instances a single kind of organism was found by lung puncture 
(59.6 per cent ) ; more than one kind of organism were found in 17 cases 
(32.7 per cent), and the puncture was sterile (7.5 per cent) in 4 instances. 

4. Altogether pneumococci were present in 13 cases (25 per cent) and 
streptococci in 20 cases (3S.5 per cent) (hemolytic in 9 and nonhemolytic in H), 
either alone or in association with other organisms. These organisms seem to 
be responsible for most of the cases examined. 

5. Of the cases showing one kind of organism, pneumococci were found m 
8, streptococci in 12 (hemolytic in 5, nonhemolytic in 7), staphylococci in 2, 
Pfeiffers bacillus in 5, and Bordet-Gengou’s bacillus in 4 eases. 

6. Typing of the pneumococci met with showed 15 per cent of Type > 
24'per cent of Type II, 15 per cent of Type III, and 46 per cent of Group I > 
but the limited number of cases prevents us from considering these percentages 
as final. 

"VVe wish to express our gratitude to Dr. I. Shawky and Dr. A. Khalil of t *e 
Pediatric Department, Faculty of Medicine, Cairo, for their valuable su„ 
gestions.' 
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LABORATORY METHODS 


A NEW MICROSCOPE ADAPTER FOR THE HAND SPECTROSCOPE* 
Aubrey V. Greaves, ALB. (Tor.), D.T.M. (Liver.), Hong Kong, China 


TN A recent communication It described a method for the routine examination 
* of blood stains in medicolegal cases. The method requires spectroscopic ex- 
animation, of suitablv treated material on a microscopic slide, an tns mvo \es 
the insertion of the body of a hand spectroscope into the tube of the microscope. 



I found that it was not easy to hold the spectroscope steady and at the same 
tune make an exact reading of the wave length scale. I discussed the difficulty 
with the representative of Messrs, Zeiss & Co. and described to him more or 
'css wh at was wanted, and the attachment presently described is the result of 

•l-rom the Bacteriological Inhtftute, Medical Department. 

Received for publication. May 3. 1933, 
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the leaven of my suggestion working on the dough of their ingenuity. Reference 
to the figure will show that the body of the spectroscope is grasped by a circular 
band tightened by a screw with a milled head. This is connected with a heavily 
built standard, which in turn, is connected by a similar band attachment to the 
draw tube of the mieroseope. The spectroscope is thus held rigidly in perfeet 
alignment with the optical system of the microscope. The standard is broken 
in the middle by a hinge by means of which the spectroscope may be swung away 
from the observer and thus free use of the ocular permitted. In the illustration 
may also be seen an attachment with reflecting mirror for use with a comparison 
prism if the spectroscope is so equipped. This may be removed if desired. The 
smaller tube containing the wave length scale is also equipped with a small 
reflecting mirror by means of which a beam of light may be passed up the tube to 
illuminate the scale. In the photograph the microscopic ocular is shown in 
place; I have found that it is much better to remove it before observing the 
spectrum. The method suggested for use of the appliance is as follows: The 
attachment (which may conveniently be left permanently applied to the spectro- 
scope) is slipped over the tube of the mieroseope (after removal of the ocular) 
and the screw on the band tightened, so that the end of the spectroscope tube is 
just clear of the tube of the mieroseope. The hinge of the holder is adjusted so 
as to be on the side of the tube away from the observer. The microscope is 
now placed accurately in relation to the lighting system and the small mirror at 
the end of the tube bearing the wave length scale is adjusted so as to illuminate 
the scale. When these preliminary preparations have been made, the spectro- 
scope may be swung away from the observer and the ocular replaced in the 
tube and the mieroseope is then ready for use as soon as the slide preparation is 
made. When the color change indicative of the presence of blood is observed on 
the slide (after treatment with Takayama’s solution), the ocular is withdrawn, 
the spectroscope is swung into place and the spectrum observed and the bands 
located in relation to the scale. The appliance is heavily built, and there appeals 
to be nothing about it which can get out of order or become worn. 



A CENTRIFUGE METHOD FOR THE DETERMINATION OF THE 
VOLUME OF CELLS IN BLOOD 0 


George M. Guest, M.D., and Vinton E. Siler, A.B., Cincinnati, Ohio 


TN RECENT years increasing attention has been paid to the fact that significant 
I changes of the volume of cells in the blood may be observed in a wide 
variety of pathologic conditions, and that in certain diseases the determination 
of these changes may afford valuable diagnostic aid. Knowledge of the lelative 
volume of cells, of the red cell count and of the concentration of hemoglobin in 
a sample of whole blood permits the calculation of two values which are in- 
creasingly used in the classification of different types of anemia; namely, the 
average size of the erythrocytes in cubic microns and the concentration of 
hemoglobin per unit of volume in the red cells. Reviews of most of the reported 
studies of this subject may be found in articles by Haden (1931, 1932), Osgood, 
Haskins, and Trotman (1932), and Wintrobe (1932). The determination of 
the relative volume of cells in blood also permits the indirect estimation of 
various chemical constituents of the cells by calculation from determinations 
made on whole blood and plasma in circumstances where direct chemical study 
of the cells is less satisfactory. 

Numerous methods have been offered for the determination of blood cell 
volume, but most of them have certain features which present more or less seri- 
ous obstacles to their general application. Ponder and Saslow (1930) have 
reviewed many of the methods and discussed the faults inherent in each type of 
procedure. These authors claimed that their modification of the Stewart (1899) 
colorimetric method was the most accurate means of determining cell volume, 
hut this method is extremely tedious and the amount of blood required is pro- 
hibitive if the bloods of infants or small laboratory animals are to be studied. 
Although the centrifuge method in its many modifications has been criticized 
by Ponder and Saslow as well as by others who have studied the problem, this 
procedure is, nevertheless, generally considered to be the most practical for 
clinical use. Aside from other advantages, the hematocrit tube has one distinc- 
tive point of superiority over other devices, in that it offers the only practical 
means of measuring separately the total cell volume and the red cell volume, 
this is important if the cell volume value is used to calculate the size of the 
civthrocytes or the hemoglobin content of the red cells, since the failure to ex- 
clude the large white cells may often introduce into these calculations an easilv 
perceptible error. 

fl< tiy the published reports of cell volume studies, the Van Allen 

. method appears to be one of the most popular of the several procedures 
111 curr cilt clinical use. The Van Allen tube is convenient and is economical of 


t Vff , Clnl'pcn's Hospital P.t-.-iar 
Kt- iif Mullein**. Dnl\er»lty of Cincinnat 
li-cclvctf for publication. May 21, 1333 


Foundation and the Department of Pediatrics. 


757 



75S 


THE JOURNAL OP LAIIOIIATORV AND CLINICAL MEDICINE 


blood, but it has one potential source of error in common with all types of 
hematocrit tubes with which rubber sealing devices are used; such sealing 
devices occasionally allow slight leakage which may pass unnoticed, and this 
danger is increased the higher the centrifuge speed to which the tubes are 
subjected. Another objection to this method is that the diluting fluid (1.3 per 
cent sodium oxalate solution) while perhaps isotonic for normal blood, may not 
necessarily be isotonic for pathologic blood samples in which osmotic changes 
have occurred. This criticism is applicable to all those methods employing 
anticoagulant salts which may cause changes of cell volume. Whether a sup- 
posedly isotonic oxalate solution is used as in the Van Allen (1925) and 
Haden (1923, 1925) methods, or whether dry oxalate is used and correction 
made for shrinkage of the cells, as in the Osgood (1926) and Wintrobe (1929) 
methods; in either ease the constants determined for normal bloods have not 


been proved dependable for bloods in which osmotic changes have occurred 
under different pathologic conditions. 

Economy of blood is nearly always an important consideration and at 
times is essential in these studies. Haden (1930) maintained that 10 c.c. of 
blood — the amount used in his method — was not an excessive amount to take 
from a patient. This is perhaps true of adults, but it is usually impractical to 
remove such an amount from infants, especially when more blood is to be drawn 
for other chemical studies. In discussing various methods Haden also claimed 
that a macromethod was necessary for accuracy, but in our own experience it 
has been possible to make closer measurements in capillary tubes than in larger 
tubes. It is, moreover, easier to differentiate the layer of white cells if the 
columns of cells are measured in capillary tubes. 

Grain and Norgaard (1923) employed a capillary tube with heavy walls, 
10 cm. in length and graduated in 200 intervals, with hirudin as anticoagulant. 
Later Rosalin (1931) devised a tube somewhat similar to that of Gram and 
Norgaard and used heparin as the anticoagulant. In both procedures the 
tubes were sealed with rubber bands for centrifuging. 

In several methods employing capillary tubes the use of rubber sealing 
devices has been avoided. Smirk ( 1929 ) used thin- walled capillary tubes of 0. 
mm. bore, bent into U-shape. Oxalated blood was drawn into such tubes with a 
layer of paraffin oil at each end of the column of blood to diminish the loss ol 
C0 2 , and the tubes were centrifuged at 3,000 to 4,000 r.p.m. until the cells were 
packed to constant volume. The lengths of the columns of cells and plasma 
were then marked on paper by pricking points, the distances between the points 
measured with dividers, and the cell volume in percentage calculated from these 
measurements. The results from the two columns of the U-tube were average 
Smirk claimed that, at the same speed of rotation, more complete separation 
of plasma from cells was obtained by centrifugation in capillary tubes t 
in larger tubes,' and that separation was more complete in shorter columns 0 
blood, 5 to 6 cm., than in longer columns. Bonniger (1909) also had einp °J e 
a U-shaped tube. Campbell (1922) used thin-walled .capillary tubes which wm^ 
partly filled with oxalated blood by dipping one end into the blood, an 
opposite end then sealed in a flame. After centrifugation the lengths o 
columns of cells and plasma were measured by a millimeter scale an 
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GUES ™ : ^ t . (1915) used heavier capillary tubes, 

percentage cell volume calculated. Hpstmn ^ sea led in a flame. He 

of 0.5 to 1.0 nun. bore, with one end dun ^ ^ ohtainfid by skin puncture. 


of o.o to t.o - ~i ° ne X l ed bl00d obtained by skin puncture 

placed "ramiles of heparin m the tube a • end sealed, the blood 

Sthtube was partly «IW f**" !,a of the tube into a 

cotamw was measured cad to '™ d “^ lioll ,he length of the column of 
cork for centrifugation. After tei ° calculated in percentage and 
plasma was measured, the plasma volume 

volume of cells obtained by difterence. . ye volume of cells in blood 

The method for the determination of t after a cons iderable amount 

which is to he described here lias ^ ieen rted centrifuge methods ; an 

of experimental work with manv ^ o adop ted, with modifications, from a 

various steps in tlie procedure have ^ method thin-walled capillary 

number of different sources. Bnenj • b i 00 d, one end sealed in a 

tubes in pairs are partly filled " 1 1 d un til the cells are packed to 

flame, and the tubes thus filled are centnfu ^ ^ measured by means 

constant volume. The columns o ee san^ measuremen ts the volume of “total” 
of a measuring microscope, and r ' . f whole blood. A high speed 

cells and “K.B.C.” are calculated in peice microscope are recom- 

centrifuge with special head an a sp ^ obtabie d wnth the ordinary 

mended, hut practically ldentica re ^ u if tbe latter he ecpiipped with a 

types of laboratory centrifuge an mici The principal advantages 

cross-hair eyepiece and a graduated mec ia ° t die anticoagulant used 

of the method are that it is economica o . ^ the vo lnmes of red cells 
apparently does not affect the size ’ . that errors due to rubber 

and white cells may he read separately with ease, 
sealing devices are avoided; that it is lapi 

apparatus 

7«. .» receive fbe blood 

time, by placing in small vials appiopri • ^ ^ d c c vials which 

heparin* in distilled water. Conveiuen siz 0 f heparin, 

receive respectively 0.1 or 0.2 e.e. of this solution; 100 o ^ or 

The water is then evaporated from the via ^ o ^ should not 

m a vacuum oven at a lower tempeia • ^ after pr0 i 0 nged heating the 

lie left in the oven longer than neeess * ’ When dry> a glass bead and 

heparin tends to dissolve in the blood less * ‘ 

a closely fitting rubber stopper are placed in each vial. , 

v ci. a,.. — 

tr:;;, rs, — * ***. ■*«*« 

is heated over a Bunsen burner with wing top adjusted to give as men a fla 
as possible, and tlie heated portion is drawn out la oi -0 fee P 

walking vapidly away from each other. The pulled capillary tube should he 
held ta nt until well cooled, and then dropped onto a fiat surface m order to 
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minimize its tendency to warp into curves. From this capillary tubing 12.0 cm. 
lengths are cut and carefully selected for straightness and absence of taper. 
Such selection may be made conveniently by rolling the capillaries on a flat 
surface (plate glass) which is slanted a few degrees. The curved tubes are 
culled out by their failure to roll, and a significant degree of taper will cause the 
tubes to roll to one side. The most suitable capillary tubes may range in 
internal diameter from 0.4 to 0.S nun., with walls 0.1 to 0.15 in thickness. In our 
experience the yield of acceptable tubes prepared in this fashion is from 20 
to 40 per cent. Because the heat employed in drawing the tubing may cause 
some alkali to appear on the surface of the glass, the selected capillaries should 
be dropped into acid, rinsed with water and dried. Such rinsing is easily done 
by placing a number of the capillary tubes in a glass cylinder or test tube which 
is filled and emptied several times in succession with acid, distilled water, 
alcohol, and ether. After the final washing with ether, the capillaries may be 
placed in a drying oven for a short time to drive out the ether. 



Fig. 1. — Centrifuge head used with the high speed attachment of the International centiifus 6 - 


The labor involved in preparing the capillary tubes is somewhat com- 
pensated by the fact that the tubes when used once are thrown away, and no 
time is spent cleaning them. 

Centrifuge . — The special head shown in Fig. 1 may be used for centrifngm" 
the capillary tubes on the high speed attachment of the International eentn- 
fuge. # This head has a radius of 75 mm., and has places for eight small meta 
cylinders, each bored to carry a pair of 6 cm. capillary glass tubes, the tu es 
are carried horizontally, in their plane of motion, so that at the end of centrifug 
ing the tops of the columns of packed cells are level. With this head the best 
results have been obtained by a speed of 14,000 r.p.m. for from four to ' e 
minutes. An automatic timing device to stop the centrifuge is helpful. 

For centrifuging in the usual style cups with an ordinary type of eentiifUo® 
capable of speed around 3,000 r.p.m., carriers for the capillary tubes can e 
made from a block of wood or aluminum made to fit loosely in a centrifuge ci 
and bored with small holes, each hole just large enough to carry a pair o 
capillary tubes. Several pairs can he carried in one such block. 

•The International Equipment Co., Boston, Mass. 
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Measuring Microscopes . — In all the control studies listed here the measure- 
ments of the columns of blood cells and plasma after centrifuging were made by 
means of the measuring microscope shown in Fig. 2.* The positions of the 
microscope, the light source, etc., as shown in the figure, are arranged for the 
comfort of the operator. Two pieces of opaque paper are pasted on a plate of 
glass so as to make a horizontal narrow slit in which the capillary tube is 
placed for the measurements. The light is reflected from a mirror through the 
slit, and readings are made by transmitted light which makes the line of de- 
marcation between white and red cells more distinct. While this microscope 
permits readings to 0.01 mm., any laboratory microscope (low power objective) 
equipped with a cross-hair eyepiece and a graduated mechanical stage with 
vernier which permits readings to 0.1 mm. gives results practically identical 



I'lg. .. The measuring microscope, arranged for measuring the lengths of columns of blood 

cells and plasma. 

Bith those obtained by closer readings. For use with the ordinary microscope, 
' l ! ° ' U1 ' for tlle capillary tubes may be made by pasting two pieces of opaque 
impel on a glass slide so as to make a narrow slit in which the capillary tube is 

I’ 1 . 11 ', < Ul ' ing its measurement. Light is reflected through this slit from below 
- tile mirror of the microscope substage. 


-nr-liiULia 


will! 1 . hC 1 1>!00d Sample for the eel1 volum « determination should be obtained 
him Synnge and ucedlc aud quickly mixed with the heparin, 2 ce of 

° " ,S ; °' "““““^ant, » - vial suc-h a/previ^da 

inti! tit vi a 't r b ° “'“T" lmbl,l<si “ tlle Wood discharged 

1 ’ ld Imxmg 01 the anticoagulant should be by gentle inversion of 

Oni.l from the Central Sol. nlitlo Company. Chioago, IllinoL. 
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the tube without violent shaking which is likely to produce foaming. If tissue 
juices are mixed with the blood, or if slight, clotting of the blood starts in the 
syringe before it is discharged into the heparin vial the formation of particles 
of fibrin may cause difficulty even though the blood appears grossly to be un- 
clotted. "With slight fibrin formation the line of demarcation between the red 
and white cells is harder to read and sometimes the white cells are found scat- 
tered through the red cells, apparently caught in the strands of fibrin. The 
heparinized blood may be used also for cell counts, hemoglobin estimation and 
any other chemical examinations with which heparin does not interfere. 

At the time of use one of the 12.0 cm. capillary tubes is cut in the middle 
to give a pair of tubes which are turned to bring their "outer" ends together. 
Several pairs (usually four in our own work) should be used for each blood 
sample. The "outer" ends of each pair of tubes are thrust deeply into the 
well mixed blood and filled by capillarity to within about 2.0 cm. of the “inner 
ends" — i.e., the ends that came from the middle of the original tube. Finally 
a layer of paraffin oil 2.0 to 3.0 mm. deep may be drawn into the tubes over the 
columns of blood. The oil serves mainly to prevent evaporation of water from 
the surface of the plasma ; it is doubtful whether it diminishes the loss of C0 ; , 
as claimed by Smirk wlio used it in a similar fashion. The oil is not essential 
to secure results sufficiently accurate for routine clinical work. The “inner' 
ends are then sealed by holding them perpendicular to and just touching the 
outer mai'gin of a micro burner gas flame. With care and slow rotation the 
tube can be sealed quickly with a fiat inner base. It is important that this be 
done carefully, since slight taper in the sealed base of the tube makes the final 
measurement of the lengths of the blood column less accurate. If the wall of 
the tube is too thick, or if the glass has not a low melting point, it is difficult to 
make such a seal quickly and the glass may become hot so far up the tube that 
there is danger of overheating the lower part of the blood column. This 
manner of sealing excludes the possibility of even slight loss of blood by leakage 
which is a frequent source of error in hematocrit tubes with rubber sealing 
devices. The advantage of having the pair of tubes cut from one longer tube, 
and turned as described, lies in the fact that the slight taper usually present 
even in the most carefully selected capillaries is then in the opposite direction 
in each tube of the pair, and, therefore, the error due to taper in the one 
compensates that of the other in the final results. 

The tubes thus filled and sealed are centrifuged, either in the special head 
(Fig. 1) at approximately 14,000 r.p.m. for from four to five minutes, or in t e 
ordinary centrifuge at approximately 3,000 for thirty minutes. In samples 
dog’s blood with red cell counts as high as eight million or more, the periof 
centrifuging at 14,000 r.p.m. should be extended to five or six minutes. 4 * 1 
slower speeds a longer time is necessary to completely pack the cells; with spee 
higher than 14,000 r.p.m. the red cells in some blood samples tend to ruptm« 
and the hemoglobin becomes diffused into the layer of white cells, making 
line of demarcation between the red and white cells harder to read. e 
centrifuging, the capillary tubes are immediately placed upright m a b ° c ' 
wood bored with small holes to receive them ; if left lying horizontally foi m 
than a few minutes the top of the layer of cells will be slanted. 
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' For the measurements, each capillary tube is placed in the li^ht slit of the 
glass slide before the measuring microscope. W ith the stage of the lattei set at 
zero, the capillary tube is adjusted by hand to bring the base of the blood 
column to the cross-hair of the eyepiece; the stage is then moved lateially and 
readings are made at the line of demarcation between the red and white cells, at 
the top of the white cells and at the meniscus of the plasma. From these meas- 
urements on each tube the cell volumes, ‘‘R.B.C.” and ‘‘Total,” are calculated 
in percentage of whole blood. The values for each pair of tubes are averaged 
(as shown in Table I), and as a rule the maximum variations between these 
averages in a set of four pairs of tubes is less than 0.4 per cent. 

CONTROL STUDIES 

Internal Diameter of the Capillary Tubes.—- Two sets of capillary tubes were 
selected, the capillaries in each set having internal diameters 0.3 to 0.4 mm. and 
0.6 to 0.8 mm., respectively. Six pairs in each set were filled alike, sealed in 
a flame as described and centrifuged at 12,000 r.p.m. for four minutes. The 
averages for the total cell volumes calculated for the two sets of tubes were 
respectively 45.41 and 45.39 per cent. Although there was found no significant 
difference between the results from the two sets, practically the tubes with 
internal diameter’s from 0.5 to 0.7 mm. are the most satisfactory to use. The 
smaller ones are too fragile ; while the larger ones are harder to seal with a good 
flat inner base, and the thicker blood column makes the line of demarcation be- 
, tween the white and red cells harder to read by transmitted light. 

The Effect of Taper in the Capillary Tubes (Table I). — It was previously 
stated that the reason for having the pair of capillary tubes cut from one 
longer tube is that they may be turned so that if slight taper is present, it 
"dl be in the opposite direction in each tube of the pair and the error due to 
taper in one will compensate that of the other. This effect is illustrated in 
Table I by the readings of a set of tubes in which the differences are con- 
siderable hetween the members of each pair and yet the agreement is good 
between the averages of the separate pairs. 


Table I 

Effect of Taper is the Capillary Tubes 


headings in millimeters 

1 ~ li - C - W.1I.C. PLASMA 

CALCULATED CELL VOLUMES IX 

R.B.C. ‘" VERAGE TOTAL 

OF PAIR 

PER CENT 
AVERAGE 
OF PAIR 

24.13 

CLOG 21.56 

50.80 

51.01 

46.46 

47.14 

46.S0 

47.50 

48.12 

47.81 

23.5S 

-’• t3 25.97 

50.97 

52.96 

45.34 

4S.02 

46.6S 

46.26 

49.04 

47.65 

23.65 24.13 

21.50 21.99 

51.22 

51. S 5 

46.17 

47.25 

46.71 

47.11 

48.20 

47.66 

-‘••Hi 25.16 

23.99 21.59 

_ Ocncrul Avi-ra..,- 

52.10 

51.41 

46.S1 

46.66 

46.74 

40.7 

4S.02 
47. S3 

47.93 

47. S 
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Length of the Columns of Blood ( Tnhln tt\ t> ■ c 
6 cm. in length and from 04 tn nr • • Pairs of capillary tubes, 

heparinized blood ItoZuyto Z Z T™" "" filM " i,h 

ill total length TIicrp ? , • 1 eohllnns ran S m S from 20 to 55 mm. 

19 000 r / (• e SCa e( 111 a Pame as usual and centrifuged at 

i&XeSZ&ssrr mim z T,, ° resij,s “ «« n 

final results very little. ""'" S 01 bloiMl "' i,hi, ‘ **“» limits affects the 

Table II 


length or 
blood columns 

MM. 


Effect of Length of Blood Columns 


number of 

FAIRS 


CELL VOLUMES IN PER CENT 
R.B.C. TOTAL 


20-29.9 

30-39.9 

10-55.0 


7 

9 


Total Pairs 23 

Moan 

Standard Deviation 
t ^efficient of Variation 


15.03 

45.71 

45.72 


45.70 + 0.03 

± 0.1S ± 0.02 

± <>-3S% ± 0.04 


40.53 

40.53 

40.45 


4G.51 ± 0.02 

± 0.10 ± 0.02 
±035% ± 0.03 


III) 1 — Ccntn/ " <jm y at 11 ’ 000 r.p.m. Within a 7.5 cm. Radius (Talk 
tubes 4 ° m ‘ l sump c of heparinized normal human blood, 7 sets of capillary 
turn Li, aus la ea ci set, were filled and sealed as described. These sets in 
one-lnlf n - CCa U ° C ‘ n tlic special head at 14,000 r.p.m. for periods from 
was not ..I*' 1 - 11 °i °m? n minutes - During the one-lialf minute period high speed 
four to ed ‘ T1 > e -suits shown in Table III indicate that at 14,000 r.p.m, 
linim n l i' G miautes . sufficient to obtain constant packing of the cells in 
minntpq \ 0 ° ■ ' *i ceil D’ifugc, run at tliis speed, periods longer than ten 
to become heated. ^ bCCaUSe lf rUn a lon ° ei ‘ time the apparatus tended 

„„ii t “ be noted lieie that in the capillary tubes translucency of the blood 
■ m ‘! V0 ®PP e s criterion [1905] ) cannot be accepted by itself as a 

timps mo °i COni P e ^ e P ae ^’ng of the cells; a fair degree of translucency soine- 
;,e °,. Sei ve before the cells are completely reduced to constant vol- 
\ e . 0011 Speed anc * time must be adjusted to obtain this maxi- 

um packing of the cells (without rupture of the cells), but ou the other hand 

... ° peno 0 centiifuging should be avoided because of chemical changes 
which may occur m the cells and alter their volume. 


Table III 


Time of Centrifuging at 14,000 B.P.M. 


TIME 

MINUTES 

CELL VOLUMES IN PER 
R.B.C. 

CENT 

TOTAL 


% 

Gl.SS 

62.75 



4S.15 

49.01 



4G.S5 

47.59 


3 

40.50 

47.27 


4 

46.45 

47.31 


6 

46.44 

47.26 


10 

46.51 

47.25 
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Time of Centrifuging at 3,000 t/lpniafy txbes, ^ pairs 

sample of heparinized normal human Foul . sets were centrifuged 

in each set, were filled and sealer a. - , apparatus, with a No. 1 

^ w cm raditts 

International centrifuge (T>pe » } ° , vl „ n t p cse 4 sets were cen- 

hottom of the cup traveled at a 20 cm radi^V- mi „utes, the 

trifuged at 3,000 r.p.m. for fifteen, thirty, 44.4, 44.2, 

average total cell volumes measured Lm ^ ^ ^ hl the spee ial head at 

44.0, and 44.2 per cent. In the fifth set, c ° x een t. 

14,000 r.p.m. for four minutes, the total ce l \ . ’ , bes to con _ 

In ordinary practice, therefore, cent ug^ should usually give 
stant cell volume in the ordinary a °ia • -, a f pj„h speed centrifuge, 

results as satisfactory as those obtame ^ ^ need t ” handle blood sam- 
In certain pathologic ^itwns how . because rapidly progressing 

pies as quickly as possible attei the d - ^ q£ ^ cells . Por example, 

intracellular chemical changes mar a ^ intoxieation of infants, 

in certain types of severe acidosis a » ^ fomaUon and libe ration of inor- 

.t may he ohseiwed that glycoljsm la dj ^ hosphorus compounds 

ganic phosphates by intracellular h>d • M 939 ]). In circumstances 

occur more rapidly than in normal bloods (Guest l , is advan . 
such as these, the shorter period of centrifugation at higher speed 

tU^GOUS . . , 

Effect of Standing at Room Temperature (Table 1 ^ . 

mal human blood was allowed to stand at room empeia - intervals 
this experiment being done in the summer) for seven een hours. At 11 te 1 
after die blood was drawn, indicated in Table TV, sets of four pa^ of capih 
lary tubes were filled, sealed, and centrifuged at 13 , dOO r.p.m ^ 

one-half minutes. The results listed in Table II indicate that 1 . 

hours there was a noteworthy shrinkage in the cell volume; part of this eftect 
may be due to loss of CO s from the blood, and part to changes concomitant 
with glycolysis. In the later periods the increased amount of lactic aci 1 ac- 
cumulating’ as a result of glycolysis may be responsible for tlie swelling ot e 
, .11 . 


cells. 


Tabu; TY 

The Effect of Standing, at Boom Temperature 


TIMF. A IT El’- BLOOD 
AY AS DRAWS 


CELL VOLUMES IN PER CENT 
B.B.C. TOTAL. 


15 minutes 
It liour 
3 hours 
0 hours 
11 hours 
17 hours 


15. S 
15.4 

41.0 

15.1 

10.2 
10. s 


10.1 

10.2 

15.1 

15.5 
17.0 

17.5 


Anticoagulants (Table Y ).— A sample of normal human blood was drawn 
and delivered in 5 e.c. samples into small vials containing the following: (1) hep- 
arin 2.0 mg., (2) hirudin 2.0 mg., (3) sodium citrate 0.015 gm., (4) sodium oxa- 
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late 0.015 gin., (5) sodium fluoride 0.015 gm. Another sample, No. 6, was defiUri- 
nated with a glass rod. Four pairs of capillary tubes were prepared from 
each of these samples and centrifuged as usual. The results of the test are 
listed in Table V. It may be noted that identical results were obtained with 
the use of heparin and hirudin. 


Table V 


Effect of Different Anticoagulants 


ANTICOAGULANT 


CELL VOLUMES IN PER CENT 

R.D.C. TOTAL 

Heparin 

0.04% 

45.1 

45. S 

Hirudin 

0.04% 

45.1 

45.S 

Sodium citrate 

0.3 % 

41.7 

42.4 

Sodium oxalate 

0.3 % 

39.5 

40.0 

Sodium fluoride 

0.3 % 

30.3 

30.S 

Defibrinated 


44.S 

45.3 


Amount of Ilcparin. — A sample of normal human blood was added to 
heparin in two vials in the proportion 0.5 mg. per c.c. and 2.0 mg. per e.c., 
respectively. Eight pairs of capillary tubes were filled from each vial and 
centrifuged at 14,000 r.p.m. for four minutes. The mean values for total cell 
volume in the two sets were respectively 41.92 ±0.11 and 41.S4 ±0.11 per cent; 
two values with no significant difference by mathematical test. It may be as- 
sumed, therefore, that between these limits the proportion of heparin added to 
blood need not be accurately measured. 

Types of Glass Used in the Capillary Tubes. — Because it is easier to draw 
capillary tubing from lead glass and to obtain a high yield of straight capillary 
tubes, it was hoped that this type of glass could be used. However, when sets 
of lead glass and soda lime glass capillary tubes were used for the same blood 
samples, the lead glass tubes gave results for cell volume about 2 volumes per 
cent lower than those obtained with the soda lime glass tubes. When these 
capillary tubes were kept for twenty-four hours after the determinations, it 
was observed that the packed cells in the lead glass capillary tubes become 
increasingly opaque, whereas, in the soda lime glass tubes the column of cells 
remained translucent. It seems likely* that the lower cell volume was due to 
the effect of lead entering the blood from the glass. Pyrex glass is much more 
difficult to draw into capillary tubing sufficiently uniform for the needs of 
this method, and it is more difficult to seal Pvrex glass capillaries property 
without overheating the blood in the tube. 

Comparison of Cell Volume Determinations by Other Methods. — Twentj- 
five cubic centimeters of blood were drawn from a normal human adult and 
this sample divided for cell volume measurements according to four different 
methods: (1) The Sanford-Magath (1929) modification of the Haden method, 
(2) Van Allen method (1925), (3) Wintrobe (1929) method, (4) the capil- 
lary tube method as here described. Results averaged for several tubes use 
in each of these methods were respectively 45.4, 45.1, 47.9, and 47.3 per cent 
for' the total cell volumes. 

Studies of blood cell volume and erythrocyte size in arterial and venous 
blood, the effects of contact of the blood with air and changes in C0 2 content, 
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and the effects of stasis of blood in veins before blood samples are drawn, will 
be reported in a later communication. It may be stated here, however, that 
when blood samples are handled as described in the foiegoing pages, the 
slight losses of CO, which may result from brief contact of the blood with air 
have practically no effect upon the cell volume. 

SUMMARY 

A method for the determination of the percentage volume of cells in blood 
has been presented. Small capillary glass tubes in pairs are partly filled with 
heparinized blood, the tubes sealed in a flame, and the tubes then centrifuged 
until the cells are packed to constant volume, preferably at 14,000 r.p.m. for 
from four to five minutes in a special centrifuge head. The lengths of the col- 
umns of cells and of plasma are read either by a special measuring microscope 
or by means of an ordinary microscope equipped with a graduated mechanical 
stage. The readings are made to the top of the red cells, to the top of the 
white cells, and to the top of the plasma. From these measurements the rela- 
tive cell volumes “R.B.C.” and “Total” are calculated in percentage of whole 
blood. Control studies are presented to indicate the accuracy and variations 
to be expected in measurements made by this method. 


REFERENCES 

Bonnigcr, M.: Die Bestimmung des Blutkdrpercbenvolumens, Bert. klin. Vchnscbr. 46: 161, 
1909. 

Campbell, J. M. H.: The Relative Volume of Corpuscles and Plasma, and the Relation of 
This to Haemoglobin Percentage and the Number of Red Blood-Corpuscles, Brit. J. 
Exper. Path. 3: 217, 1922. 

Epstein, A. A.: A Simplified Hematocrit and a Method for Determining Variations in Blood 
Volume, J. Lxb. & Clix. Med. 1: 610, 1915. 

Lram, H. (!., and Norgaard, A.: Relation Between Hemoglobin, Cell Count and Cell Volume 
in the Venous Blood of Normal Human Subjects, Arch. Int. Med. 31: 164, 1923. 

Baden, R. L.: Accurate Criteria for Differentiating Anemias, Arch. Int. Med. 31: 766, 
1923. 

Baden, R, L.: The Volume and Hemoglobin Content of the Ervthrocvtes in Health and 
Disease, Folia haematol. 31: 113, 1924-1925. 

laden, R^ L. : The Technic of Determination of the Relative Mass, the Individual Cell 
Volume and the Volume Index of the Erythrocytes of Man, J. Lab. & Cl, ix. Med. 
15: 736, 1930. 

aden, R. L.: Methods and. Clinical Value of the Determination of the Size of the Red 
Blood Cells, Am. J. M. Sc. 181: 597, 1931. 

aden, R. L.: Clinical Significance of Volume and Hemoglobin Content of the Red Blood 
Cells, Arch. Int. Med. 49: 1032, 1932. 

Kfi' Technic of a Blood Examination, .1. Lab. & Clix. Med. 17: 843, 1932. 

oeppe, II.; Ueber die Volumenbestimmung der roten Blutkiirperchen durch Zentrifugieren 
Or, T Eamatokriten, Arch. f. d. ges. Physiol. (Pfluger) 107: 187, 1905. 

agood, E. E.: Hemoglobin, Color Index, Saturation Index and Volume I 
n Arch. Int. Med. 37: 085, 1926. 

'-’-’good, E. E., Haskins, H. D., and Trolman, F. E.: 

(Lgood 


Index Standards, 
A Uniform System of Hematologic 



,, , Hundred Patients, J. Lab. & Clix. Mf.d. 17: S59, 1932. 

111 cr, E., and Saslow, CL: The Measurement of Red Cell Vi 


1930. 


Eosahn, P. D.: 

f'Rhft.i,.! * T-T 


olume, J. Physiol. 70: 18, 


"anfor.i j tt < - a Pillary Hematocrit, Proc. Soc. Exper. Biol. & Med. 28: 491, 1931. 

’ ,y ■ ai“}. ? ta s at '>, T. B. : A New Centrifuge Tube for Volume Index Deterraina- 

Sinirk p T < Modilioa Iladeu Method), J. Lab. Sc Clix. Med. 15: 172, 1929. 

’ j., L The Accurate Measurement of the Proportion of Corpuscles and Serum in 

, IE The Volume of Red Blood-Corpuscles in Venous and Oxygenated Blood 
9: 81 1905 P ° SUrC t0 Various Saturations of Carbon Dioxide. Brit. J. Exper. Path. 



768 


THE JOURNAL OF LABOKATOR V AND CLINICAL -MEDICINE 


Stewart, G. X.: The Relative Volume or Weight of Corpuscles ami Plasma in Blood, J. 
Physiol. 24: 350, IS99. 

Van Allen, C. M.: An. Hematocrit Method, J. A. M. A. 84: 202, 1925. 

Van Allen, C. M.: An Hematocrit Method, J. L.vii. & Cun. Med. 10: 1027, 1925. 
Wintrobe, M. M.: A Simple and Accurate Hematocrit, .T. Lab. & Clin. Med. 15: 287, 1929. 
Wintrobe, M. M. : The Size and Hemoglobin Content of the Erythrocyte; Methods of De- 
termination and Clinical Application, J. Lab. & Clin. Med. 17: 899, 1932. 


A PRACTICAL METHOD FOR THE CONTINUOUS ADMINISTRATION 
OF FLUID INTRAVENOUSLY 3 


Henry R. Jacobs, M.D., Chicago, III. 


W HEN the intravenous administration of liquid is desirable, an efficient 
apparatus designed to perform this service is welcome. Such an apparatus 
must accomplish its function with safety and dependability, as well as provide 
for the comfort of the recipient, if it is to compete with other methods. 

The apparatus here described was designed specifically for the intravenous 
administration of liquids at constant rates for long periods of time. Its primary 
purpose is to deliver liquid into the veins of sick patients under conditions de- 
termined by them, meanwhile satisfying the requirements of asepsis, of safety, 
of dependability", and of ease of manipulation. 

Although it will probably find its greatest uses clinically in those cases 
requiring long treatment, this apparatus is also well adapted for use in cases 
where no cooperation is offered by the recipient. In the laboratory, when 
mounted on a rotating platform on top of a cage, it becomes an efficient instru- 
ment for the continuous intravenous injection of animals. 

The apparatus, which is shown in the photograph (Fig. 1), consists of (D 
an eccentric rotor driven by a variable-speed synchronous type motor, and (2) an 
independent tube for conducting the liquid. The pump itself operates on the 
well-known principle of “milking a tube,” modified to avoid all connection be- 
tween pumping mechanism and conducting system. A powerful propulsion of 
liquid is effected by the progression of the eccentric rotor over a spiral segment 
of the conducting tube. The rest of the apparatus embodies several other prin- 
ciples which guarantee the uninterrupted injection of sterile liquid even with- 
out the cooperation of the recipient. 

In order to assure a smooth and uninterrupted one-way" flow, the liquid is 
canned under pressure to the point of discharge, and is there released to Ho" 
freely into the vein. This operation is achieved through use of a release vahe 
at the end of the conducting tube which not only" offers resistance to the forwar 
flow, but also prevents the backward flow of liquid. The valve consists of a 
small piece of rubber tube which expands against a hole through which tlm 
fluid must pass. By" this means the uniformity" of flow is not affected by the 
swinging, stretching, or other manipulation of the conducting tube. 

The asepsis of the injection procedure is maintained by" a completely close 
system, entirely" independent from the pumping mechanism. This closed system 

♦Received for publication, May 16, 1933. 
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. - „ nmmists of a single tube from beginning 

is sterilizable in the autoclave, since 

end without connections of any tan - „ m in one posItio u by 

The recipient is relieved ot the d 5 hccn mcnt j 0M d: liquid 

sSTu, spue o f/ v:To“°;: 

«iai" U Tl ' e *“ 15 ,ha ‘ * he 




liquid is injected into the vein through a fine rubber capillar}' tube which is so 
flexible that no movements of the arm can affect its position "within the xein. 
Not only mav the recipient move his arm as he pleases, but also is only little 
disturbed by the capillary tube in his vein. 

When the injection is prolonged and the exchange of supply flasks fre- 
quent, a connection such as that shown in Fig. 1 is useful. It consists of a glass 
tube to withdraw the liquid and a sealed-on glass skirt to enclose the neck of the 
flask. This connection insures sterility, facilitates refilling, and permits the 
flasks to stand upright. 

If the operator wishes that a signal be given when the supply flask has been 
emptied to a certain level, he may set the flask upon one pan of a balance which 



770 


THE JOURNAL OF LABOR ATOR V AND CLINICAL MEDICINE 


has a counterpoise on the other pan representing the weight of the flask when it 

:l r,:T to ^ iovo1 - *■*» "»"■>«-> «< ^ ^ c „„ x 

balanee to swung and elose an electric- eirenit containing a suitable signal. II.' 

to" indicate" r 1 ’ 0 ? “ “a 1 ’ tllc “ ,,ll,lcti "S tube to catch air and sediment and 
to indicate the rate ot flow. 

The technic used to operate this apparatus is as follows: After sterilization, 

m I t '" S , 1 a " Ml,cd 10 uu'ehitte and the machine set in motion. 

rend ,'l f° , b “‘' dnvon out ot ' the tube and liquid has begun to flow 

l eguiai ly from the release valve, an intravenous needle (Size 15) is placed in 



Fie. 3. Plioto„ruph of anil of recipient with apparatus attached. 



Fis. 4.— Photograph of a •■threaded” syringe. 


the \ein flhe capillary rubber tube is injected through the needle from a 
syringe (Fig. 3). The knot in the proximal end of the capillary tube, which 
was p ace theie to catch at the shoulder of the syringe, is cut off after the 
syringe has been detached, and then the needle is withdrawn. The capillary tube 
is attached to the lelease valve through a fine Luer needle. The release valve 
is attached to the arm plate after the latter has been taped to the arm. A small 
dressing is placed over the puncture wound through which the tube passes. The 
injection may then be continued indefinitely, the recipient meanwhile having the 
liberty to move his arm as lie pleases. The rate of injection may be changed by 
the ratios of 1 :2 :4 by turning a switch. The present machine delivers liquid at 
the lates of 75, 150, and 300 e.e. an hour. Kates outside these limits require 
the use of tubes of suitable size. 
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Because the discharge into the vein is slow and constant the liquid need not 
be wanned. For the same reason hypertonic solutions of glucose (in lioimal 
salt solution) may be injected safely. 

The several mechanical features in this apparatus which contribute to its 
successful performance are the following : The driving mechanism is completely 
enclosed and Mall run indefinitely without attention. The pump will develop 
enough pressure to burst the tube, yet the wear on the tube by the rotor is 
negligible. The release valve is made of stainless steel and furnishes, through 
connection to the arm plate, absolute anchorage. All parts susceptible to 
deterioration, namely, the conducting tube, the rubber capillary tube, and the 
tube in the release valve, are readily and cheaply replaceable. Clotting within 
the capillary tube is impossible, because blood has no opportunity to enter it, 
since liquid is continuously flowing out. A smooth and uniform discharge from 
the capillary tube is guaranteed by a balance of two forces, the cushioned liquid 
pressure within the conducting tube and the resistance of the release valve. The 
rubber capillary tube, which was developed especially for this work, has an out- 
side diameter of 0.04 inch. It is made of high grade anode rubber, and it will 
retam its elasticity and tensile strength through many days of contact with 
blood. 

The Oak Manufacturing Company, Chicago, Illinois, kindly undertook to make this 
machine. 


THE STABILITY OF DIOTHANE SOLUTIONS* 


T. H. Rider, Ph.D., Cincinnati, Ohio 


ATTENTION has already 1 been called to the unusual behavior of some phenyl 
urethane local anesthetics when their solutions are boiled. The monophenyl 
urethanes of di-n-butyl- and di-iso-butyl-amino propanediols were found to be 
altered by boiling their solutions in such a way that their activity as surface 
anesthetics materially increased -while the anesthesia produced by their intra- 
dermal injection was shortened. This was interpreted as being due to some 
change of an unknown nature which resulted in the creation of a more rapidly 
diffusible form of anesthetic. 


When diothane (piperidinopropanediol di-phenyl urethane hydrochloride) 
' vas selected as a new and valuable anesthetic for clinical trial, the behavior of 
its solutions on heating was cheeked, and it was found and repoi-ted that 
-sterilization over prolonged periods did not alter the solution accordin'* to 
physiologic tests. 2 


A further detailed chemical study of diothane and its solutions has re- 
^ded the fact that the anesthetic free base is relatively unstable to heat. Heat 


•i* rom the Ron-arch Laboratories of The Wm. S. 
UccclvcU for publication. May 23, 3933. 
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ing this tree base to its decomposition point in a vacuum has yielded traces of 
aniline together with other unknown decomposition products. The crystalline 
hydrochloride is quite stable to moderate heat (100° C.) when the crystals are 
dry, but somewhat unstable to heat when they are wet with water or other 
solvent capable of partially dissolving them. The amount of change is too slight 
to allow the isolation of any decomposition products. 

Since the wet crystals proved to he somewhat unstable it was deemed 
advisable to restudy the stability of diothanc solutions. 

7 he treatment ot local anesthetic solutions with dilute nitrous acid followed 
bj the addition of an alkaline solution of beta-naphthol is a recognized test for 
distinguishing those products containing primary amino groups. Thus procaine 
0 i\es a daik brick-red precipitate (positive) while cocaine gives a yellow-white 
precipitate (negative). Freshly prepared solutions of pure diothane crystals 
-,i\e a typical negative reaction. However, when these solutions are heated for 
prolonged periods (> one hr. at 1)8° 0.) or aged for many months, diazotiza- 
tion and coupling with beta-naphthol gives a light orange precipitate. 

This change as attested by the delicate chemical reaction is accompanied by 
no demonstrable change in anesthetic activity or toxicity of the solution, indicat- 
ing that the extent of any change is extremely slight. 

Theoretical consideration of possible changes which would result in the 
mention of diazotizable amino groups suggested only two reactions. The first 
of these was a possible rearrangement as follows : 

< > ATI — COO — — > NIL < > C'OO — (or isomer) 

Since this rearrangement would account for the formation of a colored dye 
in the test reaction, an attempt was made to determine the amount of change 
which would account for the degree of color actually developed. In order to 
check this point to some extent diothane solutions were made up containing 
\arious quantities of procaine, and these solutions were tested together with the 
oldest diothane solution available (two years). The colors developed by the 
solution containing procaine were quite different in shade, but the intensity of 
color developed by the old diothane solution was similar to that of a fresh 
diothane solution containing procaine 1 :90,000. Similar tests were carried out 
by adding traces of the di-p-amino benzoate homologues of diothane, and since 
these products contain two primary amino groups per molecule even smaller 
proportions were required to give colors of the same intensity. 

In this connection it is of interest that the di-p-amino benzoate of piperi- 
dinopropanediol 3 has almost no activity as a mucous membrane anesthetic. It 
is obvious, therefore, that if this product were found in diothane solutions in 
any quantity, the change would be detectable by physiologic tests. 

Remembering that thermal decomposition of diothane free base had yielded 
traces of aniline, diothane solutions with added quantities of aniline hydro- 
chloride were also tested in comparison with the oldest diothane solution. Again 
the shade of color developed in the test was somewhat different, but an even 
closer comparison of intensities was possible. In this ease, the intensity de- 
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veloped with the old diothawe solution was most closely matched by that with a 
iresh diothane solution to which aniline had been added in a concentration of 
1 : 200 , 000 . 

In both cases the color developed by the diothane solution, to which the 
primary amino compounds had been added, was concentrated on the otherwise 
yellow-white precipitate, making the very slight color formation quite obvious. 
In neither case was there similarity enough in the shade of color to indicate that 
either an amino benzoate or aniline had actually 7 been formed. These experi- 
ments indicate, however, that an extremely small proportion of the diothane 
had been altered. 

. While in the above discussion the two-year-old diothane solution was 
specifically mentioned, the same alteration of the solution may be rapidly 
achieved by heating the solution for several hours on a steam-bath. The addi- 
tion of a slight excess of acid to the solution markedly delays such changes as 
take place, and no significant change occurs during the first hour of heating, 
so that solutions may he adequately sterilized without alteration. 

Attempts to correlate the changes in diothane solutions with the increased 
surface activity of the dim-butyl- and di-iso-butyl-amino propanediol mono- 
phenyl urethane solutions have not been productive, since these boiled solutions 
do not yield any colored product on attempted diazotization and coupling with 
beta naphthol. 


SUMMARY 

Prolonged heating or aging of diothane solutions produces a very slight 
degree of alteration detectable by delicate colorimetric testing, but not detectable 
by pharmacologic methods. Theoretical considerations of possible changes have 
been discussed, and it has been inferentially showm that the concentration of any 
a teration product in diothane solutions is probably not greater than 1:100,000. 

I nr '' viaiies to acknowledge the assistance of Dr. E. W. Scott and Messrs. A. li 

u ana Karl Bambach. 
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THE PRESERVATION OP BIOLOGIC SPECIMENS® 


Grace I. Davis, B.S., 


and Thomas W. Davis, Pn.D., New York, N. Y. 


r | 'ISSUES which are to he preserved for study or exhibit are often fixed by 
-*■ means of a formalin solution, and then kept immersed in an aqueous solu- 
tion of sodium acetate containing glycerin and thymol. It is a common observa- 
tion that the preserving media become clouded after a few weeks or mouths 
and must be replaced. To reduce the necessity for frequent replacement, we 
have undertaken, a study of the cause of clouding, hoping to be able to control 
it by suitable means. 

Our investigations have shown the turbidity, which seems not to be peculiar 
to any special kind of tissue although some specimens induce more rapid cloud- 
ing than others, is due to oxidation of the thymol in the preserving fluid. While 
thymol is an inhibitor of bacterial growth, its solubility in water is low, and 
there seemed to be a possibility of bacterial changes causing precipitation in 
our solutions. This possibility lvas been definitely disproved as will be shown 
later. 

METHODS OK STUDY 


In these studies, we have used the solutions already referred to. Tissues 
known by experience to have a tendency' to cause clouding were fixed by soak- 
ing in a solution of the following composition: Chloral hydrate 500 gnu, sodium 
chloride 180 gm., sodium bicarbonate 100 gm., sodium sulphate 220 gm., 1° 
per cent formalin solution 500 e.c., water to make 10,000 c.c. After the tissues 
had been hardened in this solution for several days, they were washed in i mi- 
ning water for twenty-four hours, and then, after suitable mounting, kept 
immersed in a solution consisting of glycerine 2,000 c.c.. sodium acetate 
gm., thymol 100 gm., and water to make 10,000 c.c. The thymol was dissolve 
iir boiling water, added to the main bulk of solution, and the whole cooled an 
filtered before using. Considerable excess thymol was removed in this step- 
Where special solutions were needed, they were made up in small amounts, 
and their use is reported below. 

The tissues used for our controlled experiments were from a normal biam, 
and showed a marked tendency to induce clouding. 

Since clouding of our media did not set in normally until six weeks oi 
more after they had been prepared, we heated some of our specimens to a 
temperature of about 50° C., so that precipitation would be observed in * 1 
matter of days rather than weeks. The conclusions to be drawn from t c 
experiments at the higher temperatures can with due allowance be appbe 0 
conditions at room temperature. 


♦From Pathological Laboratory. Cumberland Hospital. Auburn Place. Brooklyn, 
and Department of Chemistry, New York University, University Heights, Lew 10 • 
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RESULTS AND INTERPRETATION 

The first clue to the cause o£ clouding was found in the observation that 
all specimens led to turbidity, and that where it occurred the turbidity began 
after several weeks’ standing and then increased slowly to a maximum, i re 
white cloudiness seemed to be of the same character in all cases and resembled 
that noted when saturated thymol solutions are cooled. 

It was thought that some obscure bacterial infection was the cause ot the 
difficulty. Were there bacterial action operating, however, the clouding would 
probably develop quickly and continuously. In an endeavor to observe the 
actual organisms present, clouded fluid was examined under a microscope. It 
appeared perfectly clear. This indicates that the precipitate is very finely 
divided, but does trot exclude tire possibility of very small microorganisms being 
present. All efforts to culture the clouded media failed. Inoculation of a 
new sample of the preserving fluid with clouded material failed to accelerate 
the development of new cloudiness. These observations indicated the absence 
of bacterial factors in this phenomenon. 

It became evident to ns that some slow chemical change in the medium 
itself, perhaps influenced by material extracted from the biologic specimens, is 
responsible. Two simple observations convinced us that this is the case, and that 
the source of the clouding is the thymol in the preserving medium. First, a 
badly clouded solution in which a panophthalmia exhibit had been kept was 
clarified by repeated boiling with paper fibers, and filtration. It was returned 
to the original jar containing the specimen and showed no further precipita- 
tion over a period of four months. On adding thymol to this solution, slight 
clouding was noted after four weeks. Second, a sample of the usual medium 
alone showed a turbidity after standing in the laboratory for from six to 
eight weeks. 


The precipitate, we noted, is insoluble in acid and alkali, but is quickly 
dissolved by ether. It is not coagulated by strong calcium chloride solution. 
This behavior conforms to the expected action of thymol or a thymol deriva- 
tive. The precipitate, we noted further, always begins at the surface of the 
preserving solution, indicating oxidation as a possible factor. This was con- 
firmed in the following way. A sample of the original medium was slightly 
diluted with water and kept at 50° C. A second sample was simultaneously 
diluted with hydrogen peroxide solution, and kept at the same temperature. 
Ihe latter sample clouded in a few hours, the former did not. It appeared, 
let et ore, that oxidation has some part in the phenomenon. The experiment 
'Lis repeated at room temperature. The medium with peroxide clouded in four 
* ,l * s ’ ^ lc control medium has remained clear for as many weeks. 

To determine whether the biologic samples themselves contribute to this 
oxidation, we kept a sample of tissue under water at 50° C., for several days. 
•[ a madly there was considerable extraction of soluble material in this period. 

e water extract was filtered and added to some preserving medium. A pre- 
cipitate developed in a matter of a few days, where othei-wi.se, it would not. 
• omu water soluble material from the tissues, therefore, must catalyze the 
mation of the observed precipitate. Whether there may be other reactions 
, laU oxl 'LAtioii of the thymol which contribute to the clouding, our experiments 
° 1101 s l0 ' v - ^ e believe, however, that this is likely. 
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AN IMPROVED PRESERVING FLUID 

While these observations have identified thymol as the cause of precipita- 
tion in our fluids, there remained the problem of finding an adequate substi- 
tute. Certainly replacement of the thymol seems called for. A tissue placed 
in preserving medium without thymol has remained indefinitely clear, but 
there is some danger of mould growth in an acetate solution not protected by 
a fungicide. We have found that a small amount of phenol or toluol added to 
the solution gives the desired protection. Such solutions have remained clear 
for a period of nearly six months. 

We have tried other methods of preservation, most of which have proved 
unsatisfactory. A specimen kept under pure glycerin became rather badly 
discolored after a short time. A thin coating of collodion did not prevent 
clouding of one specimen, but a coating of varnish did. Had the collodion 
film been thick and air-dried more thoroughly, it would undoubtedly have fur- 
ther slowed up the clouding, but would not eventually preclude its appearance. 
The coating of varnish, likewise, does not offer permanent protection against 
clouding. 

A layer of paraffin oil over the acetate preserving solution, by slowing up 
the admission of oxygen, inhibited but has not prevented clouding of the 
medium. When immersed in pure paraffin oil and maintained at 50° C. for 
several weeks, one specimen caused no clouding, but on cooling there was 
developed a heavy turbidity, which disappears on reheating. This probabl) 
is due to water which was distilled into the paraffin at the higher temperature, 
and which was thrown down by cooling. At constant temperature, however, 
there is no precipitate and if kept at room temperature, paraffin oil should be 
a satisfactory preserving medium. By actual test, we have found the oil with tis- 
sue immersed in it to remain clear for over three months. Substitution of mag- 
nesium sulphate in equivalent concentration for the sodium acetate does not 
greatly retard the formation of cloudiness; it had been thought that the higher 
ionic charge would decrease the formation of the colloidal suspension. 

SUMMARY AND CONCLUSIONS 

1. An investigation of the media in which biologic specimens are presen ed 
shows that the frequently observed clouding is due to a chemical oxidation an 
precipitation of thymol in the preserving fluid, catalyzed by materials extracte 
from the tissues. 

2. An improved fluid in which phenol or toluol is substituted for thy mol 
has proved satisfactory in practice. 

3. Paraffin oil may be used as a preserving fluid, provided the tempera 
ture does not vary over too wide a range. 

The assistance of Dr. 11. J. Fein, pathologist of the Cumberland Hospital, in carrying 
this work is acknowledged. 



CHANGES IN CELL VOLUME PRODUCED BV j" " 
tkations of different anticoagulant 

V. a. IIeller, Ph.D., ano B ’ S *’ 0KtA ' 

A STUDY of the distribution of certain inorgam^elements^ ^ natm>e 
A. plasma reveals that the cell-plasma ra 10 V!XX1 tbe accuracy of 

of the anticoagulant hut also with its conceatra^ a basis fox- 

such an investigation is dependent upon a defimt ^ ^ preferab i e 

each calculation, the literature was investigated ' anticoagulants, 

method of procedure. Many S S as the 

the kinds, concentrations, and manne t ; me ° an d speed of contrifuging, 

number of investigators. Definite leng is 3 . ota3 all g ; ve som e 

as a rule, are not stated. Guillaumin, * ’ fail to f urn ish information 

data pertaining to the subject m gen , . 1 .,, mann er of deter- 

applicable to this problem. In many cases, appai ’ definite 

mining the cell volume was largely a matte-f ~o far ; ^ 

method of procedure was concerned. Do anticoagulants 

able t. tavktigit. the effects of the commonly re^nm^ted ' 

md the conditions most suitable tor determining the true 

EXPERIMENT AL 

Ot the anticoagulants commonly recommended, the following ta«b» 
employed in this investigation; sodium, potassium, and ammonium * 
concentrations 0.1 to 0.4 per cent by weight, the corresponding salts 

ol concentrations 0.2 to 0.8 per cent by weight, and heparin of concentrations 

0.1 to 1 mg. per ml. of blood. . , , 

The cell volumes were determined using 4 mm. bore hematocrit tubes 
cm. in length. The cell and serum heights in the tubes were measured wx ; 
vernier calipers, thus eliminating the use of graduated tubes. e u es 
filled by means of capillary tubing; after which they were sealed and suspended 
on a rubber cushion in a position which would bring their axes perpendic- 
ular to the axis of rotation while centrifuging. A large size standard Inter- 
national Centrifuge was used, the speed being checked by use of a tachometer. 

The time required at various speeds for the cell volume to become con- 
stant was ascertained. Determinations were made at two speeds 1800 and 
2200 lt.P.M. At lower speeds tlie time required was excessive, and it was 
difficult to prevent hemolysis; at higher speeds the tubes were frequently 
broken. The apparent cell volume was read at intervals during the centri- 
fuging, and the data so obtained are presented in tlie accompanying chart. An 
examination of these curves reveals that in the case of cow s blood the cell 
volume becomes constant in 65 minutes at 1800 R.P.M. and iu 45 minutes at 
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2200 II.P.M. while for chicken blood, which contains larger cells, only 40 
minutes at 1800 R.P.M. were required. 

Using these standard conditions the cell volumes were determined with 
the various anticoagulants previously mentioned. Blood of cattle, chickens, 
and rats was drawn with an hypodermic needle, either from the jugular vein 
or by heart puncture, and delivered into flasks coated with the designated 
quantity of anticoagulant. After thorough mixing and chilling, the blood was 
delivered to the hematocrit tubes as described. The concentrations mentioned 
earlier in this article represent the extremes used by most investigators. 
These tests have been frequently repeated for various types of blood, and 
typical results are shown in Table I. 

It will be observed from an inspection of the table that the ammonium 
salts produce an increase in cell volume with an increase in the percentage of 



anticoagulant used, while sodium, potassium, and lithium salts produce a cel 
volume decrease with percentage increase of sats used. Various deternnna 
tions indicate that about 0.2 per cent of the oxalates and 0.4 per cent of the 
citrates produce the most favorable results from the standpoints of auticoagu- 
lation and hemolysis. Since ammonium salts produce an increase m ce 
volume and the other salts have an opposite effect, various mixtures haw! 
been tested, and it has been found that with the use of an 0.2 per cent con 
centration of a mixture of 40 per ceut potassium oxalate and 60 P el ce ^ 
ammonium oxalate there is a minimum change in cell volume. These data «u 
presented in Table II. 

In the analysis for inorganic constituents, any inorganic anticoaguhn^ 
interferes. Heparin was tided for this reason although it carries a ca eiun^ 
contamination. Its use is more difficult than that of the inorganic compoim 
as it does not dissolve as readily due to its dryness, and there is, consequen ^ 
a tendency to form small clots about the particles of heparin. It caliu ° 
dissolved and evaporated over the surface of the container as it is an oig< 



HELLEK-PAUL: CHANGES IN CELL VOLUME 


779 


Table I 


Changes is Cell Volume With Varying Concentrations or Anticoagulants 


OXALATES 1 

CITRATES 

ANTICOAGULANT 

i 

CELL VOLUME i 

SOURCE 

OF BLOOD 

anticoagulant 

CELL VOLUME 1 

SOURCE 
or BLOOD 

'3S3 

m 

amount 

PER CENT 

CHANGE 

Potassium oxalate 


( 

[Jow 

Potassium citrate 



Rat 

0.1% 

33.33 



0.2% 

KSXHmm 



0.2% 

32.20 

-1.13 


0.4%o 


-1.60 


0.3% 

31.02 

-1.18 


0.6% 

31.20 

msm 


0.1% 

30.22 

-0.80 


0.8% 

1 30.10 

-1.10 


Sodium oxalate 



Cow 

Lithium citrate 



Cow 

o.t% 




0.2% 

32.33 



0.2% 

32.42 



0.4% 

31.20 

-1.33 


0.3% 

31.22 

-1.20 


0.6% 

29.85 

-1.35 


0.4% 

29.70 

-1.52 


0.8% 

29.10 



Ammonium oxalate 



Chicken 

Ammonium citrate 



Chicken 

0.1% 

31.34 



0.2% 

28.81 



0.2% 

32.65 

+1.31 


0.4% 

29.85 



0.3% 

33.30 

+0.75 


0.6% 

31.98 

+2.13 


0A% 

33.80 

+0.50 


0.8% 

33.97 

+1.99 


Ammonium oxalate 



Cow 





0.1% 

39.66 







0.2% 

40.82 

+1.16 






0.3% 

41.54 

+0.72 






0.4% 

41.80 

+0.26 







Table I I 


The Effect of a Mixture of Potassium Oxalate and Ammonium Oxalate ox Cell Volume 


ANTICOAGULANT 

CELL 

VOLUME 

SOURCE OF 

BLOOD 

AMOUNT 

PER CENT 

CHANGE 

40% Potassium oxalate and 



Bat 

60% Ammonium oxalate 


j 


0.1% 

41.2 



0.2% 

41.2 

0 


0.3% 

41.1 

-0.1 


. 0.4% 

41.0 

-0.1 



compound, which might decompose on heating. The most satisfactory pro- 
cedure consisted in making a water suspension, which caused the heparin 
to dissolve rapidly when added to the blood. Although the use of this com- 
pound as an anticoagulant has been repeatedly tried, it is impossible to secure 
r e»ults that check as favorably as those for the inorganic compounds. Table 
Hi presents the averages of two series of results from the experimental use 
"f heparin to coagulate the blood of rats and of chickens. These data indicate 


Table III 

Cell Volume Produced by Varying Concentrations of Heparin 


source OF 

blood 
Rat 
CMc'Ven 


as Compared to Potassium Oxalate 

(MG. PER ML.) 


K.C.O, 


HEPARIN 


( 2 1 

0.1 | 

0.2 | 


1.0 

| 45.22 

44.23 i 

43.70 

mmm 

mmm 

1 27.00 

1 20.19 

1 26.19 

■ 2a 

RHH 
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that the concentration does not affect the ratio noticeably, but there is some 
cell packing with greater concentration. The cell volume is always slightly 
less than when inorganic anticoagulants are used. 

CONCLUSIONS 

1. There is a need for a specified concentration of anticoagulant as well 
as speed and time of centrifuging if cell-scrum ratios are to be used in cal- 
culations. 

2. Increasing concentrations of sodium, potassium, or lithium salts cause 
a decrease in cell volume. 

3. Ammonium salts cause an increase in cell volume with increased con- 
centration. 

4. Within normal limits, a mixture of 40 per cent potassium oxalate and 
60 per cent ammonium oxalate gives a minimum cell volume variation. 

5. A speed of 2200 revolutions per minute was found most satisfactory, 
all factors being considered. 
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THE KOLMER, KAHN, AND MEINICKE REACTIONS 


IN THE TROPICS* 

> 


Pauline Beregofp, M.D., Cartagena, Colombia, S. A. 


T HE object of this study was to adopt for our laboratories a test which can 
be rapidly performed, is of highest sensitivity, is of greatest technica 
accuracy, and which is specific in its reaction, uniform in results, and also simp e 
and economical. 


material 

1. Serums from 700 syphilitic eases included primary, secondary, and 
tertiary congenital and latent syphilis. One-tliird of the cases presente 
secondary syphilis. Most of the patients were untreated. 

2. Serums of 300 nonsyphilitie controls were obtained from 100 patients 
with severe secondary anemia due to intestinal parasites; from fifty cast ^. 
acute malarial fever ; from fifty cases of chronic malaria; from twenty- ' 
cases of mycotic disease of the skin; from 10 lepra cases; fifteen fram eSia 
and fifty postoperative cases. None of these patients presented any symptoms 
or gave any history of syphilis. Careful observations were made on all eases, 
complete physical examinations and histories were taken in all. 

•From the Laboratories of the Santa Clara Hospital and Departments of Pathologl 
Parasitology of the University of Cartagena. 
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MEIXtCKE REACTIONS 


Table I 



Results Obtained 

and Methods Used in 700 Cases or 

SYPHILIS 

METHODS 

number or 

POSITIVE 

reactions 

number or 
doubtful 
reactions 

number of 
negative 
reactions 

Kolmer Complement Fixation 
Kahn Standard Precipitation 
lleinicke Clarification 

515 

525 

520 

5 

15 

12 

180 

160 

168 


Table n 


Results Obtained in 300 Xosswimmc Controls 



KAHN 

KOLMER 

MEIN1CKE 

“ a s 0F 0F mSEASE 

g I 

“3 

55 p 

o o 

« B 

5 s * 

35 g 

2 g 

a 5 

£>■ 5 1 * 

m 5 

o $ 


*T 

_i_ a — 

100 Secondary Anemia of Parasitic] 

Origin 

50 Acute Malaria 

50 Chronic Malaria 

25 Mycosis of Skin 

10 Lepra 

50 Postoperative Cases 

15 Frambesia 

2 * j 

1 2 

1 2 

0 2 

1 1 

1 2 

15 0 

0 0 

I 

o 1 

0 0 

0 o 

0 1 

0 0 

15 0 

2 5 

1 1 

1 2 

1 3 

1 2 

i 1 

15 0 

Total 

6 13 

1 0 2 

10 20 


All methods gave 100 per cent positives in frambesia 


COMMENT 

The Kolmer complement fixation test is harder to perform and less 
economical than the precipitation tests of Kahn and Heimcke, but the results 
obtained are of greater uniformity and give the lowest percentage of non- 
specific doubtful reactions. In our group of negative serums, we had not 
one nonspecific positive reaction with the Kolmer test. Even though it is a 
more complicated test to learn and harder for the technician to perform, yet 
once mastered, the test is much more easily interpreted than the precipitation 
tests. It gives clear negatives in every type of the tropical diseases in which we 
have used it, when there was no manifestation of syphilis involved. In the 
repeated tests of the same serums the Kolmer test gave the same reactions. 

The Ivahn test, though of greatest sensitivity, is less specific in reaction 
than the complement fixation test. However, the simplicity of the test and 
tlie rapidity with which it can be done recommend it for daily routine in the 
laboratories of tropical countries. The Kahn test is as hard to interpret as 
it is easy to perform. It requires skill and good eyesight to avoid false 
reactions. Doubtful reactions should always he repeated in conjunction with 
the complement fixation test. This test is of great value in emergencies as an 
immediate aid in the diagnosis. 

The Meinieke test is less sensitive than the Kahn and gives the greatest 
percentage of nonspecific positive reactions in our group. It is very easy to 
perform and the interpretation, when delayed for several hours, is much easier 
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than in the Kahn test. When read immediately, the same difficulties are met. 
Our technicians prefer the Jleinicke test to other precipitation tests because 
of the easier interpretation. 

In all laboratories the precipitation tests should be always performed in 
conjunction with the complement fixation test. In the tropics, a precipitation 
test is of great value because of the rapidity with which it can be performed. 
The climate tends to decompose the blood very rapidly, and often it is 
necessary to perform the test as soon as specimens reach the laboratory. All 
doubtful and suspected positive reactions are always repeated in conjunc- 
tion with the complement fixation tests. For specificity, we depend on the 
Kolmer test. 

CONCLUSIONS 

1. One thousand serums have been studied by the Kolmer, Kahn and 
Aleinicke reactions; 700 serums were from known syphilitic cases, and 300 
were negative controls. 

2. The precipitation tests were found most sensitive, but less specific than 
the complement fixation test. 

3. The precipitation tests are less complicated to perform and more 
economical, but they are harder to interpret than the complement fixation 
test. 

4. The precipitation tests are readily adaptable in routine laboratoi> 
procedure; because of the rapidity with which the test may be performed, it i* 
of value in emergencies. 

5. The Kolmer complement fixation test is more complicated to perfoun, 
but easiest to interpret. It is most specific in reaction. 

6. The precipitation tests should always be used in conjunction with the 
complement fixation test, except in emergency cases. 

I am grateful to Dr. Kolmer and Dr. Kalin for supplying me with antigens for this stud} 
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NOTE ON THE DETERMINATION OP BLOOD IJREA BN DIRECT 
NESSLERIZATION OP A SODIUM TUNGSTATE— SULPHO- 
SALICYLIC AC'ID FILTRATE 0 


Donald F. Eveleth, Ph.D., Ames, Iowa 


•"THERE are several methods of determining urea by direct nesslenzation of 
* a protein-free or nearly protein-free blood filtrate. Kan, Roe an ns , 
Myers, 4 and Looney 3 all have described methods based on the ness enza ion o 
aFolin and W tungstic acid filtrate of blood. None of these methods has 
been entirely satisfactory for routine procedures. The aeration met o o 
Myers 4 is simple and, if relatively large numbers of determinations are being 
run simultaneously, is very satisfactory. If only an occasional urea deter- 
mination is made, or if speed is of importance, either the aeration method or ^ 

tlie distillation method requires too much time. 

Woodward and Pry 6 have recently used sulphosalicylic acid for the prep- 
aration of an acid, protein-free blood filtrate for the determination of blood 
glutathione. This reagent seemed to offer possibilities as a protein pieeipitant 
for the direct determination of urea in blood. 

experimental 

Woodward and Pry used one volume of an approximately molar solution 
of sulphosalicylic acid for the precipitation of the proteins of one volume of 
blood after dilution with eight volumes of water. They found that clear 
protein-free solutions could be obtained with human blood. Iu the experi- 
ments reported here, it has been found that some bloods, particularly swine 
blood, gave a brownish colored filtrate when sulphosalicylic acid alone was 
used. Other bloods usually gave clear, colorless filtrates. By including sodium 
tungstate in the precipitating mixture, the yield of filtrate was smaller but, 
with all bloods examined, a colorless filtrate was obtained. These filtrates 
were found to develop a brownish color when made alkaline to litmus. Tlie 
further addition of alkali resulted in a perfectly clear, colorless solution, 
Tlie amount of alkali in 2 ml. of a dilute solution of Bock-Benedict Kessler’s 
reagent was found to discharge completely the brown color of 5 ml. of neu- 
tralized blood filtrate. Xesslerized solutions, with or without ammonia pres- 
eut, would remain clear for several hours. 

Procedure for the Determination of Urea in Blood . — 

Solutions : 

1 M sulphosalicylic acid; 25 gm. of sulphosalicylic acid in 100 ml. of solu- 
tion (Woodward and Pry 6 ). 

10 per cent sodium tungstate solution (Folin and Mu’). 

•brum the Department of Veterinary Research. Iowa State College. 

U«*oivwl for publication June 27. 1033. 


“ A TnE J0URXAr ' 0P ^bobatobv and clinical medicine 

ing phospluite sdution^ iat ratio^f 9 ^ ^ the aCth ' at ' 

Bock-Benedict Kessler's solution (flyers') 

Nitrosen standard. 0.0472 g ,„. (Nil, ) = m, per liter, 5 ,„I. u . 5 
oodiuin hydroxide approximately 2/3 X. - 
Teelinic : 

liter T oT°i terS , °f ° Xalated bl00d (2 ‘ 3 m »- of Potassium oxalate per milli- 
test tut ° 0C ail n I m1 ' ° f fresh urease soIution are pipetted into a large 
stonneitlT s “ aI1 E . rIe, ™ e yer flask, the contents mixed, and the container 
the tube 11 1 ^ a ' Vater '^ atl1 at 50 degrees C. for fifteen minutes. To 
and will 31 C f CC la ' distilled "' ater > - mk of sodium tungstate solution 
l 11 . CO ' 1Sta, ' t 1 agitation, 2 ml. of the snlphosalieylic acid solution. The 
atenal is then filtered through a fairly retentive filter paper. 

i . ^* ve niilliliters of filtrate is pipetted into a 25-ml. graduate cylinder. If 

otl ° .• Uie , <l eail * en t Is anticipated, 5 ml. or more of water may be added; 

i , . 6 \ n ‘ ,° ^ ^ sodium hydroxide is pipetted into the solution fol- 

dilntldf 111 !^ la \ 6 * ~ lld ' °* dilute Kessler's reagent. The solution maybe 

. c 111 iei 0 approach the color intensity of 0.5 mg. of ammonia nitrogen 
in the standard. 

The calculation then is ; 

4- - 0.5 * J“ * 


SAMPLE 

2 ml. blood 
2 ml. blood 
2 ml. blood 


Table I 

Recovery or Added Ukea 

MO. UREA X ADDED MG. UREA X FOUND PERCENTAGE RECOVERY 


Table II 

Comparison of the SSA Direct and Aeration Methods of Determining Urea Nitrogen 


species 

Swine 

Swine 

Swine 

Swine 

Swine 

Swine 

Ox 

Ox 

Ox- 

Horse 

Horse 

Horse 

Sheep 

Dog 

Dog 

Human 

Average 


-MG. PERCENTAGE X 
AERATION SS. 


PERCENTAGE 

DIFFERENCE 
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OT.ETHI DETERMINATION OF TOW- 

** i <*. «»»• «* * « « £w 

Two nitrogen standards contaimn 0 1 o- * After nesslerization 

a neutralized sotatio. of 5 ml. of M aolphoaaljUe ac.i Att^ ^ ^ ^ 
and dilution to 100 ml., the two solutions ga 

the colorimeter. ,, , ,i camole were meas- 

Becovery of Added Urea .— Aliquot poi ions o solution to the other 

ured into tubes. Water «« added to the control, a in 

two tubes in order to keep all volumes equal. The results 

“ Bleed urea nitrogen of various species of 

direct method as described, and “'“”'‘“““““,, 1 , 0,001 from different sources, 
the aeration method. These samples w . , T u comparative 

and nothing is known regarding the health of the animals. The comparat 

data are shown in Table II. 

discussion 

In the precipitation of the proteins of blood and urease, it has been found 

necessary to use both sodium tungstate and s p osa * cy c . , j d by 

get a colorless filtrate satisfactory for nesslerization. The filtrate c ^ 
using sulphosalicylic acid only was sometimes very rown, ° k 

color of a nesslerized solntion. Although this color was discharged by mah 
ing the solution decidedly alkaline, the nse of the sulphosalicylic acid 

sodium tungstate combination was found preferable. 

The alkalinity of the final solution is very important Too high a con- 
centration of alkali results in a turbid solution. It would be satisfactory to 
add the sodium hydroxide to the Messier solution provided that sufficient 
amounts of acid were also added to the standard. Satisfactory results ha\ 
been obtained by adding the sodium hydroxide aftei the Mess er s so u ion, 
instead of before as previously stated. 

Fowl blood does not lend itself to the determination of urea by this 
method. The blood is low in urea, and it is very' difficult to obtain samples 
free of clots. Cloudy solutions, which may be due, at least m part, to the high 
concentration of oxalate necessary to prevent coagulation, have frequent y 
resulted. 

Woodward and Fry 5 state that too much oxalate prevents complete pre- 
cipitation of proteins with sulphosalicylic acid. The same has been found for 
citrates and fluorides; however, the amounts generally used as anticoagulants 
cause no difficulties. 

SUMMARY 

A simple method for the direct determination of urea in blood has been 

described. 

ADDENDUM 

Because of unavoidable circumstances the paper of Taylor and Blair T was 
overlooked during the experimental work reported in the preceding paper. 
A few analyses have been made in comparing the two methods on pooled 
samples of swine blood. The results indicate that either method is satisfae- 
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1 P “ " tll « eo'orimeui. comparisons are made soon after , 

2 Z *2 r f"!T ot tl,c Poli "- w " tmm* ZSX 

velon i° tit 7 , °" mim,t “ or This turbidity does not do 

the point of vitt "'f'- “v''™ ‘'"'S-totc “''Phosnlieylic acid filtrates. Prom 
atil ‘ „ re, ? • Slmi>1 r y ° f |,rc ' >arati °"’ «“ fltdholie urease is met, 

is ssu “ r - H ” ** i - — — • 
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SBII LIF1 ING Till-: MECHANICS OP BACTERIAL FILTRATION* f 

Roy P. Feemster, M.D., Dr. P.II., Boston, Mass. 

^ ai Deles June appeared in medical and scientific periodicals 

extender! 10us as pects. of filters which remove bacteria from fluids. An 
volume T 3 vn° ol< i iP ** .* S iount * at H 1U end of a chapter by Mudd in Rivers’ 
and inirmrt \ ^ ^ luses \ The worker who uses filtration as a frequent 

• tn , aU l n °e ec lue in his work must necessarily familiarize himself with 
„ ! ^ la uie aud will gather together many hints and suggestions in 

° th ® mechanics of the process. On the other hand, the worker who 
, lom " ses &ltratlon usually fails to take time to read so widely and often 
^ ns . ie ec line by trial and error. Many times some slight error in the 
^\ e a PP ai a tus or some accident in the process of filtering the 
p e am ma e it necessary to repeat the operation before a sterile filtrate 
“ ,° a J nec • Because of this fact it seemed worth while to put into print a 
brief discussion of the most frequent pitfalls of the procedure. 

Although moie convenient types of apparatus for certain purposes have 
been devised,, such as that described by Mudd, 2 the most frequently used 
arrangement is filtration through a Berkefeld or Handler candle, or a Seitz 
disc, into a flask with a side arm, and the suggestions given here will deal 
with that simple set-up. 

Health. 5 * 10111 the JIassachusetts Department of Public Health ami the Harvard School of Public 
Received for publication, June 2S, 1933 . 

provided^through 1 the courtesy ^^Drf^V^ G.^SrnilUe. investieation involvin S nitration are beinff 
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One cause of difficulties often results from the attempt to filter without 
a manometer to determine the pressure. It is easy to exceed the critical 
pressure of the candle and draw bacteria through. A manometer is not 
expensive, and one like that illustrated in Pig. 1 (A) can usually be assembled 
in a laboratory- without having to purchase anything except the mercury an 
perhaps a piece of tubing with a 1 mm. lumen. The principle of the manom- 



eter is very simple. It consists essentially of a glass tube standing in a 
bottle of mercury. Attached to the upper end of the tube is a piece of rubber 
tubing connected with the flask which is interposed between the water pump 
and the flask receiving the filtrate. A support for the tube and a metric rule 
completes the apparatus. The latter should touch the surface of the mercury-, 
t is a good rule to do the filtration at as loyv a pressure as possible. Most 
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filtrates can be put through with sufficient rapidity at from 100 to 150 mm. 
of mercury. When the Berkefeld N filter caudles are used, * the pressure 
should never exceed 450 nun. of mercury, and bacteria will sometimes come 
through at that pressure. 

The amount of water going through the vacuum pump should be just 
sufficient to maintain the pressure at the desired level. A pinchcock ou the 
tubing, Pig. 1 (71), connecting the pump with the filtering flask aids in con- 
trolling the pressure and is particularly useful in eliminating the effect of 
sharp, quick changes in pressure in the water pipes. The orifice left open 
should be the smallest which will not cause the mercury to drop. 


A very annoying thing, which sometimes occurs, is to have the pressure 
suddenly released when the pump is turned off and to see the cotton plug in 
the side arm forced into the flask. Refiltration is, of course, necessary since 
the filtrate is no longer sterile. Such accidents can be avoided by having a 
valve which will gradually release the pressure. A very simple type of valve 
is illustrated in Fig. 1 ( B) and details are shown in Fig. 1 {C). It consists of a 
piece of glass tubing which extends through a rubber cork of an intervening 
flask placed between the water pump and the flask which receives the filtrate. 
The end of the tube is drawn out and rounded off in a flame until the opening 
is only about a millimeter iu diameter. Over this is pushed a soft rubber 
stopper in which a hole has been pierced about two-thirds of the distance from 
the bottom to the top. The tightness of the rubber stopper around the out- 
side of the glass tube prevents the entrance of the air until it is pulled off at 
the end of the filtration simultaneously with turning off the pump. -^ r 
gradually goes in through the small orifice, and the cotton plug in the side 
arm is not disturbed. 

When small quantities are to be filtered, time can be saved and loss due 
to liquid remaining at the bottom of the mantel can be avoided by inverting 
a test tube over the filter candle. The tube should be of as small a diameter 
as possible to still go down to the bottom of the mantel. It should be placed 
over the candle before the liquid is poured into the mantel. If placed o>> 
after the candle is wet, the air is often never entirely exhausted from t it 


inside of the tube, and the fluid level never rises. 

Occasionally an accident occurs when taking the rubber stopper from the 
flask in order to remove the filtrate, particularly if a few drops of fluid happen 
to fall outside the mantel and down on the stopper. This difficulty cau be 
overcome by removing the filtrate through the side arm, provided care has 
been taken that no fluid has run down the rubber tube into the side aim 
and has dampened the cotton. The cotton is removed from the side arm an 
the end carefully flamed. It is then held over the end of the tube or ffiis" 
which is to receive the filtrate, as shown in Fig. 1(D). A flame is appfic ° 
the bottom of the flask so that the heating of the air inside causes it to expan 
and forces the filtrate out. Without the heat the filtrate will not run out o 
the side arm. When flame is being applied to the side arm, care sliou 
observed not to overheat it, as the liquid will then cause it to craclc. 
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'Washing the candles is simple when the arrangement shown in Fig. 1 (E) 
is used. The- washing liquid placed in the beaker is pulled through the candle 
in the reversed direction. The only equipment necessary is a stopper through 
which a piece of glass tubing passes. The stopper fits snugly into the end 
of the mantel and the glass tubing is connected with the water pump. 

More than one filter can be washed at the same time with the same pump 
when the arrangement illustrated in Fig. 1 (B) is used. Each rubber tube can 
be connected with a filter, either when filtering or when washing the filters. 
When only one tube is being used, the other tubes must be closed by a pinch- 
cock or by thrusting a piece of glass tubing closed at one end, illustrated in 
Pig. 1 (P), into the end of each rubber tube. 

Splashing in the sink by the outflow of the water pump can be avoided by 
the use of a piece of rubber tubing which reaches to one-quarter of an inch 
of the bottom of the sink. Splitting the lower three or four inches of the tube 
also reduces the splashing (Fig. 1 0). 

SUMMARY 

The various aspects of the mechanics of bacterial filtration are discussed, 
methods of eliminating the frequent difficulties, which make l-efiltration neces- 
sary, being particularly considered. 

Pour useful additions to the usual technic are described: 

1. A method of using or washing three or more filters simultaneously with 
the same pump. 

2. An easily constructed vacuum release. 

3. A simple method of removing the filtrate from the flask. 

d. A means of avoiding splashing by the outflow of the water pump. 
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B. TUBERCULOSIS, Viability and Virulence of Old Cultures of, Corper, H. X, and Cohn, 

M. L. Am. Row Tube re. 28: Sufi, 193. - !. 

In 191!) and 1920, several hundred 8 ounce nursing bottles containing about 3 ounces 
of £i per cent glycerol-broth, neutral to litmus, were planted with 19 different strains of humau 
and bovine tubercle bacilli, and were maintained at 37° C. from then until 1932, when 47 
bottles containing cultures of human tubercle bacilli were chosen to determine the viability of 
the bacilli. Twenty (42.5 per emit) of these were found capable of growing on an inspissated 
egg yolk medium, while, from 9 bottles planted with bovine tubercle bacilli in 1920, four cul- 
tures (44.4 per cent) were viable in 1932 and grew on subculture. 

Twelve strains of the original 1919 and 1920 cultures of 17 different strains of humau 
tubercle bacilli subcultured in 19.'»2 grew on tbo egg medium and were recovered for study 
and perpetuated, while, of two bovine strains, one grow and was recovered and was per- 
petuated. 

There was noted a certain parallelism between the successful recovery of the bacilli m 
viable form and tbe P lr of the medium at the time of the attempt to grow the bacilli twelve 
years after planting. Isom- of the transplants grew from bottles in which the acidity of the 
medium was below P u 0.1 or the alkalinity above I’,i 7.0. 

A determination of the approximate number of live bacilli present in the culture 
masses revealed that about 0.01 per cent of the bacilli in the twelve-year-old culture mass o 
human tubercle bacilli were still viable, while about 1.0 per cent of the bovine bacilli ' lU ' r '-‘ 
still able to grow, conforming to earlier observations by us and other investigators who found 
bovine tubercle bacilli more resistant to detrimental influences in general than human tubercle 
bacilli. 

It was noted that all of the virulent strains of the twelve-year-old cultures of human 
tubercle bacilli had not suffered a diminution of virulence during twelve years’ residence m 
the incubator at 37° C., while low-virulent strains remained of low virulence during this 
time. In contrast, prolonged and repeated artilieial cultivation, however, caused a slight hu- 
defmite diminution of virulence (a slow transition) of human tuberele bacilli in stock cultures. 
It would appear from this that virulence is a property inherent and unchangeable to in 
dividual bacilli but prolonged cultivation on artilieial media may cause a perceptible, thoiig 
not striking, change in the progeny of human tubercle bacilli under the ordinary conditions 
of laboratory perpetuation on culture media. 

These observations also suggest a means for maintaining the original culture of a strain 
of bacilli as control for tests of methods to enhance or diminish virulence as well as 
study other factors of the growth of tubercle bacilli. , 

The morphologic changes noted in the bacilli in the twelve-year-old cultures con orm 
to those previously described under the changes of the eytoniorpliosis of tubercle bacilli ( 1 - ■ ■ 

In correlating these culture fincliugs with in vivo conditions of the survival of tu er 
bacilli it is evident that the persistence of the bacilli in the body is dependent upon a number 
of faetors, but prominent among these, aside from the pathogenicity of the bacilli, is ^ 
factor of the number of tubercle bacilli introduced into the organs and tissues of an an™' 1 
Tiffs is evident from the fact that while small numbers of virulent tubercle bacilli in ne 
suspension are removed from the organs and tissues of the rabbit and dog within about one 
year, largo amounts of even avirulent human tuberele bacilli can persist in the tissues o 
dog in viable form for over three and a quarter years without the presence of characters i 
histologic evidences of tuberculosis in these tissues. 
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BLOOD, During the First Year of Life, Merritt, K. K., and Davidson, L 
Child. 46: 090, 1033. 

A ^ of normal American infants 
of their erythrocytes, hemoglobin, reticulocytes, a 1 

the bleeding and coagulation time on the day of birth. . , 

It is apparent that after a period of initial erythrocyte ad^mm* of two > mon hs 
duration a mean value of 4.60 million, with a standard deviation of 0.3, nullion, may be con 

sidcred as -normal” throughout the first year. After a suin ar initial penod of adyu^ 

ment, lasting two months, the mean value for hemoglobin tor the first year is 1- g-P 
hundred cubic centimeters, with a standard deviation of 1.36 gm. From these figures rt 
would appear that normal infants in New York City do not become anemic, as Mod*} 
was the case in 51 per cent of artificially fed infants in London It would seem ■ «mt her 
u standard nonnal hemoglobin curve” is below what ma\ be eonsi ere as n . 

eountn-. In using Hadcn’s scale of 15.6 gm. per hundred cubic een imeters wluch is 
equivalent to 100 per cent, the color index is found to be 0.86. Mith Phil's scale, 17 gm. 
per hundred cubic centimeters is equivalent to 100 per cent and the color index is there 
fore 0.90. 

The reticulocytes in the normal infant are fouud to have a mean 'a' IR of jA P ‘ 

at birth. After a rapid dxop through the first month, they reach a mean va ue o . 

with a standard deviation of 0.12 per cent, which is considered normal throughout the first 


Blood platelets at birth are found to have a mean value of 227 (±3.0y thousand. A 11 L ‘ 
a rise at the third month, their mean value throughout the remainder of the first year is 
344 thousand, with a standard deviation of 66 thousand. The figures at birth are lower than 
those of other investigators, and rise less rapidly. 

Values for the bleeding time at birth are found to be from one-lialf to two and one- 
half minutes. The coagulation time at birth is from two to four minutes. 

Vote: Since this article was accepted for publication, Mackey has published an article, 
“The Nonnal Hemoglobin Level During the First Year of Life— Be vised Figures,” in which 
it was stated that owing to necessary restandardization of her hemoglobin apparatus, it is 
necessary to add 7 per cent to each value quoted in her monograph (1931). 


LIVES FUNCTION, In Catarrhal Jaundice, Jolliffe, N. Am. J. M- Be. 186: 640, 1933. 

In 19 cases of the type customarily regarded as catarrhal jaundice it has been found 
that a definite pathologic and physiologic syndrome was present in 16 of the 19. This con- 
sists of a icgurgitational jaundice which runs through three distinct stages : 

a. An ‘ ‘ obstructive phase” with an average duration of eleven days in which there is a 
progressive deepening of the icterus, absent or mere traces of urobilin in the urine, a reten- 
tion of bromsulphalcin paralleling the degree of jaundice and, usually (87.5 per cent), a 
positive lcvuloso tolerance test. 

b. A ‘‘critical phase” with an average duration of four days in which urobilin suddenly 
appears in the urine in high normal or definitely elevated amounts, a coincident abrupt fall 
m scrum bilirubin and bromsulphalcin retention. 

c. A ‘‘recovery phase” with an average duration of nine days during which time the 
scrum bilirubin falls within the level of latent icterus, urobilin is present in the urine in 
normal amounts and the tolerance to levulose and the retention of bromsulphalcin return to 
normal. 

Tho term “catarrhal jaundice” should be limited to subjects showing this pathologic 
and physiologic syndrome. 

The 3 remaining cases were of distinctly different pathologic and physiologic types. It 
« suggested that these types may be appropriately designated as acute hepatitis of unknown 
etiology with, as the case may be, retentional or regurgitational jaundice. 



792 


TIIE JOURNAL OF LABORATORY AND CLINICAL AtEDICJNE 


BLOOD SUGAR, Iu Schizophrenia, Freeman, W. Am. .T. AL Sc. 186: lii'l, 1933. 

A study is presented ot’ the fasting blood sugar levels as disclosed by 6 samples taken 
at standard intervals from 59 male schizophrenic patients over a period of six and one-half 
months. 

In 05 per cent of 317 determinations the values lay between the conventional limits of 
normality, namely, 80 and 120 mg. per 100 c.e. The average value was 90.0 as compared with 
an average of 95.4 in 31 normal control subjects studied by the same technic. Eight readings 
were obtained in the hypoglycemic and S in the hyperglycemic ranges. 

The variation among the schizophrenics was higher than that in the controls, as was 
shown by the coefficients of variation, 11 and 0.9 per cent, respectively.' 

The samples were collected in pairs at fifteen-day intervals with intervening periods of 
two and one-half months. There was a consistent drop in the average blood sugar level from 
period to period, the first being 99.3 and tho third 93.1 mg. per 100 c.c. These findings sug- 
gest that habituation with a presumable lessening of emotional reaction to the test played 
a part in determining the sugar level. 

Tho range of difference in consecutive tests also decreased consistently from one period 
to another; in tho first tho average difference was 10.6 and in the last S mg. per 100 c.e. 

No significant correlation could be recognized between the blood sugar level and the age, 
period of hospitalization, or severity of the psyehosis. 

Of the subgroups, tlie hebephrenics showed the highest average level, namely, 99./ mg., 
and the catatonics the lowest, namely 92.7 mg. 

DYSENTERY, Amebic, Unusual Experience With. Ikeda, K. J. A. AE A. 101: 1914, 1933. 

Nine eases of amebic dysentery were recognized within a period of forty-seven dais m 
a general hospital of an average size, in a northern city of 250,000 population, in the Unite 
States. This is a unique experience. Infection in all nine cases was definitely traced to 
Chicago, which demonstrates, probably, a widespread dissemination of this disease throughout 
the country as a direct result of the Chicago epidemic. 

Tho presenting symptoms show a wide variation, depending on the character of the at 
tack and on the stage of the disease. 

The initial symptoms, when elicited, are not always identical. There are atypical cases 
in which the first, symptoms may bo misleading or so insignificant and commonplace diat w> 
medical relief is considered necessary by the patient. 

There is danger of a false positive report in tho laboratory diagnosis of this disease . 
tho inexperienced. Careful and painstaking search for the organism should be undertaken m 
suspected and neglected eases. 

Roentgen examination may be of value as an aid in differential diagnosis. 

Amebas were demonstrated in a section of a piece of tissue from the rectum, in a cast 
suggesting a malignant growth. The histologic appearance of the lesion presents the charm, 
teristic initial changes due to the invasion of Emlamoeba histolytica. 

TUBERCULOSIS, A Hematological Retrospect, Oatway, W. H., Jr. Am. Rev. Tuberc. 29. 

73, 1934. 

The author recapitulates the types of blood picture seen in tuberculosis described b) him 
in 1929 as follows: 

1. Normal . — The total count and each of the cell-types are within certain norm- 1 
limits. (Total cells, 6,000 to 9,000; neutrophiles, less than 65 per cent, or 5,000 
monocytes, less than 10 per cent, or 700 cells; lymphocytes, more than 25 per cent, or 
cells.) It denotes a lack of pathological activity in the lesion, a controlled condition. 

2. Hyperplastic . — An increase in the mononuclear leucocytes above normal number ( in0 ^| 
than 9 per cent, or 700 cells). The total count, lymphocytes, and neutrophiles are of norm 
numbers. It denotes new tubercle-formation. A fairly passive type of reaction, both clinics J 
and pathologically. 
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3, Septic. — Primarily an increase of the neutrophils (more than Co per cent, or ,0 
cells). There is often an increase of the total count (more than 9,000 cells), and monoejtcs 
(more than 9 per cent, or 700 cells), with a lymphopenia (less than _a per cent, or 
cells). It denotes tuberculous abscess-formation in some degree and is the mos serious . P 
of count, associated with all of the more active features of the disease. ie eve 
ticitv is, in general, an indicator of the magnitude of the disease process. 

‘ A lymphocytosis (more than 82 per cent) added to a normal or hyperplastic count was 
seen in more favorable conditions (resistant). Single counts were of most va ue in s ow g 
the tuberculous condition only at the time of the count. Repeated counts were reeommen e 
to show the trend of the disease. Very few counts were “out of focus” with the actual 
condition of tho patients. A deviation occasionally found was a slightly septie picture in a 
patient apparently handling the lesion well. Two patients had large lesions and only a 
hyperplastic blood picture. Such cases were left in the balance for a later judgment. 

Previous conclusions as to the meaning and the relative seriousness of the types of leuco- 
cyte pictures have been somewhat further reaffirmed by this study of the fate of 2o0 eases 
after over three years. 

The septie count is the most dangerous type of the blood picture, and is present most 
often when death occurs, when the illness becomes chronic, or when there is need of surgery. 
The hyperplastic count is less favorable than the normal and less serious than the septic 
count. Monocytosis adds to the danger of the septic count wlic-n present. The normal count 
is very good to attain, and a lymphocytosis makes it of evt-n better import. 

Compression therapy, especially pneumothorax, has often interrupted the prognosis of 
an unfavorable count, and in spite of its risks and failures has no doubt modified from poor 
to good the conditions and counts of many patients. Its use most frequently in cases with 
septic counts has often modified the course of the disease and the prognosis of the blood pic- 
ture in this group. 

There is nothing in this furttier survey to suggest that the previous limits or interpreta- 
tion should he changed or ignored. Although tiie interpretation of the blood count in a tuber- 
culous individual should he limited to his immediate condition, the fate of 280 patients has 
been consistent, in general, with the portent of three years or more ago. In spite- of this 
prescient value of one blood count, following the condition of the disease by sedulously le- 
peated counts, care in tlie interpretation, and a constant adherence to the meaning is the 
recommended use of the procedure, and it will provide a valuable clinical adjunct in diagnosis 
of the patient's condition and in surgery. 


ALLERGY: Recent Immunologic Studies in Hypersensitivity to Tobacco, Sulzberger, M. B. 

•I- A. M. A. 102: 11, 1984. 

The studies reported were carried out, in the main, by means of intradermal tests of 
lbe skin with tobacco extracts and with nicotine in cases of thromboangiitis obliterans. 

concepts of fundamental immunologic nature form the basis of the hypothesis that 
some cases of certain diseases of the vascular system ( thromboangiitis obliterans, angina 
pectoris and coronary disease), clinically long considered to be in some way connected with 
smoking, are manifestations of hypersensitivity in certain segments of blood vessels to circulat- 
mg allergens derived from or contained in tobacco. 

Concept 1; There is localized and circumscribed fixed specific hypersensitivity; i.e., a 
hypersensitivity confined to a certain organ or part of an organ may develop. 

Concept 2: There is a predilection of certain allergens to sensitize and elicit reactions 
m certain tissues; i.e., whereas any allergen may sensitize any part, almost all allergens have 
their favorite point of attack. 

Concept 3: Not only sudden and evanescent reactions are elicited when the excitant 
meets the specifically sensitized shock tissue, but chronic reactions and permanent organic 
damage are often caused by one or successive shocks resulting from such encounters. 

Concept t: There is an idiosyncrasy, meaning that certain persons react in a manner 
different from that of the norm; allergens causing reactions in the idiosyncratic person cause 
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uo reactions in normal persons. Allergens are thus usually of harmless nature and are not. 
poisons or toxins in the pharmacologic or toxicologic sense. 

Concept 5: The vascular system in man seems to be peculiarly susceptible to sensitiza- 
tions and is thus most frequently the seat of reactions. Examples of this are found in many 
diseases of the skin. The wheal reaction is, in itself, a demonstration of vascular hyper- 
sensitivity. 

Concept 0: The skin is useful as a test tissue in a great variety of hypersensitivities 
of internal organs. 

The experiments in patients with thromboangiitis obliterans and in controls have brought 
to light the following data: 78 per cent of the patients with thromboangiitis obliterans tested 
had positive reactions of the skin to tobacco; 3d per cent of the smokers without thrombo- 
angiitis obliterans; and Id per cent of the nonsmokers gave positive reactions. 

, The persons afflicted with thromboangiitis obliterans were not atopic, and there were 
no regularly demonstrable reagins in their serums. 

As the positive skin tests in patients with thromboangiitis obliterans correspond with 
the clinical evidence incriminating tobacco, these results are regarded as highly suggestive 
that sensitization of the vascular system to tobacco may play a causal or contributory role 
in many cases of thromboangiitis obliterans. 

Although tobacco was the principal allergen causing positive reactions of the skiu in 
thromboangiitis obliterans, other allergens and, notably, inhalants also elicited positive re- 
sponses. 

It is assumed that eases of thromboangiitis obliterans must exist in which other excitants 
and not tobacco aro the major factors. 

That part of the tobacco which elicits the skin reaction of hypersensitivity is coctostabile 
and thermostabile and is not destroyed by ultraviolet rays or x-rays in the dosages employed. 
It is not nicotine. 

Nicotine is of little or no importance in sensitizations to tobacco. If the disease^ under 
discussion are sensitizations to tobacco, nicotine is, in all probability, of little or no nnpor 
tanee in their causation. 

It is hoped that the new immunologic approach and the employment of animal sensitiza 
tions will lead to the experimental reproduction of certain diseases clinically attributable to 
damage by tobacco. As is well known all toxicologic attempts to do this have failed. 

One of the objects of such experimental studies would be to isolate and, eventually, to 
eliminate the actual sensitizing factor or factors from tobacco. 


LIVER FUNCTION, In. Advanced Pulmonary Tuberculosis, Steidl, J., and Heise, F- H- 
Am. J. M. Sc. 186: 031, 1033. 

In a series of 23 patients having advanced pulmonary tuberculosis all but one g-ne 
pathologic readings in one or more of a group of 3 tests for hepatic function. Of the es s 
used, the einchopheu test, the icterus index and the galactose test were the most sensitive 
the order named. 
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EDITORIAL 


The Epidemiology of Amebic Infection 

W E HAVE good reason to hope that the great interest in amebiasis, stimu- 
lated by the recent Chicago epidemic will be productive of a greatly 
increased knowledge concerning the epidemiology of this condition. Ihe 
general understanding based upon reports in the current medical literature 
is that the Chicago epidemic was the result of food infection following con- 
tamination of the food by food handlers, either healthy carriers or individuals 
mildly ill with amebic colitis. The official report later incriminated defective 
plumbing systems in the old hotels, in which there was some sort of cross 
connection between the sewage system and the water supply, such that, with 
overload, the water supply could become contaminated. 

There can he no doubt in view of the reports by Biuuleusen, of the ex- 
tremely high incidence of carriers of Eiulameba histolytica, in the hotels chiefly 
responsible for the epidemic that food contamination played a part, possibly 
also infected water supply. 
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ie review of the measures for the control of amebic dysentery recently 
numerated by McCoy are of great interest in connection with the epidemic. 
After emphasizing that we do not have- sufficient information concerning the 
factors governing transmission, on which to base authoritative measures, and 

fauts d0 110t some of the various measures being put 

e ee , - reCoy summarized present epidemiologic information as follows: 

1 here is very little evidence that the eases originating in Chicago have 
led to any considerable spread of the infection in other communities into 
which the infective individuals have gone. 

Canids do not appear as much of a menace as they had been thought to 
leie is no cleai evidence that carriers, even among food handlers, are 
important in transmission. 

djai ° e sea l e control of spread by detection of carriers and their removal 
from food-handling groups appears not practicable. 

Tilt le is no need for isolation of clinical eases bevond that necessary for the 
benefit ot the patient. There is no need for isolation' of carriers. 

In the absence of modern methods of sanitary sewage disposal precautions 
s ion i )( taken to prevent water supply contamination and fiv contamination. 
Ut tier wise no precautions need be taken. 

Pei sons exposed to clinical eases or carriers need no particular attention. 

- feasui (-S uhieli should be taken by health officers consist in calling the 
a ention of piacticing physicians to the importance of recognizing dysentery; 
insistence upon reporting all cases of dysentery; distinguishing between the 
ame ic and bacillary forms; the provision of facilities for diagnosis; eduea- 
1011a measiues among food handlers with regard to cleanliness; feces exami- 
nation of food handlers, measures to prevent possible contamination of driuk- 

w atei supply, especially in hotels and public eating places. 

Spector and Buky report a laboratory investigation in which feces con- 
taining ameba histolytica was allowed to dry upon the hand, to determine 
t ie viability of C3 r sts. They conclude that the majority of cysts under the 
circumstances of the experiment were dead at the end of five minutes and 
that it vv as very exceptional for any to survive beyond ten minutes. 

e infer that the public health service in the discussion just reviewed, 
are not taking the attitude of the town crier, “twelve o’clock and all’s well.” 
nstead, McCoy has presented an anafysis of the actual facts as we know them 
today, with what conclusions are justified by those facts. The reader who 
does not lealize this might be lulled into a false sense of security. The 
Chicago epidemic was very real, lias already caused a very respectable num- 
ber of deaths, and, as the years go on, will probably be responsible for a 
gieat deal of individual illness, the cause of which may remain undetermined, 
flie disease is of sufficient importance, that all promising measures should be 
taken to prevent its spread, even though some of them may not be complete!} 
justified by the facts. Of course one recalls that entire Cuban villages were 
put. to the flame, to destroy yellow fever, which nevertheless returned th e 
next year on schedule. But such useless destruction is not a phase of the pre- 
vention of amebic infection. 
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Tb. dMeb. is possibly in . 

o£ amebiasis than tbepnbUo bea t "'“'b a " jn fte literature together 

ogy that we would prefer to stress. , f ame l)ie infection, 

with the experience of all clinicians who see any amount fj"" lt se « to 
offer convincing evidence of contact transmission m the fa ■ to 

ns that for the present at least every f ^ pub li c eating places 

recognize amebic infection among food hauclteis, do i 

and in the home, and to prevent this source of food contamination. 

Craig, Kofoid and others have for years been preac mg ie ^ u e 
tribntion of this malady. To an extent they have been crying m the wilder 
ness, hut the Chicago epidemic has fully justified then con en 1 

Craig emphasizes that, although infection with ameba Ust^ ‘ 
prevalent in tbe South than in the North, scarcely a state m the counte r 
free from it, and a conservative estimate indicates that between o and 10 per 
cent of the population of the country, as a whole, harbor the P aias ' te ' 
majority of infected individuals in this country do not develop frank an 
dysentery, as they do in the tropics. 

He states that the cysts are the infecting agents. Under normal condi- 
tions the motile trophozoites are destroyed by the gastnc juice. erso 
fering with acute amebic dysentery do not have tests in the stoo s. rej aie, 
therefore, of little importance in contagion. It is the individual with ew 
symptoms aud the healthy carrier, who has cysts, who are according to Craig 
the more important epidemiologic consideration. Acute cases untrea ec 
improperly treated, become carriers of cysts. 

He finds that transmission through contaminated water supply is common 
in localities without modern supply and plumbing systems, particularly when 
wells, springs, and tanks are depended upon for watei. The cysts may lixe 
for days and even weeks in water, depending upon the temperatui'e and the 
number of bacteria present. This method of transmission is of importance in 
this country' only' in rural districts. “Wherever sanitation and personal 
hygiene is poor, amebiasis is very prevalent, whether in the tropics, subtropics, 
or the temperate zones.” 


Human excreta used for fertilizer is more of a factor in the Orient than 
in this country. The cysts will remain viable in moist feces foi as long as 
two wcehs. Craig also believes that fly contamination is a distinct factoi. 

“The transmission of tlie infection by food handlers is practically a cer- 
tainty unless tbe greatest care is taken regarding personal hygiene and the 
cleanliness of the hands of all who handle food. The incidence of infection 
in food handlers employed in public eating places is often very high, due to 
their close association and the constant intake of the cysts in food which they 
themselves contaminate, and one infected food handler may infect many' 
others with whom he is associated, until the vast majority of the food ban- 
filers in a particular institution may show infection.” 

Craig also emphasizes that there has been no convincing evidence of variation 
in virulence with different strains of Enihnnfba histolytica. Walker and 
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Sellards successfully produced acute amebic dysentery in human volunteers, 
with cysts obtained from symptomless carriers. 

During the next few years it is obligatory upon all clinicians and clinical 
laboratory workers to emphasize and reemphasize the importance of careful 
study of every patient with indefinite or unidentified gastrointestinal symp- 
toms, particularly eolonie symptoms, with the possibility of chronic low grade 
amebic infection in mind. Fortunately, two reliable methods are available, 
direct examination for motile ameba and for cysts, and the complement fixa- 
tion reaction which lias been developed by Craig. 
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CLINICAL AND EXPERIMENTAL 


THE ETIOLOGY OF GRANULOPENIA (AGRANULOCYTOSIS)* 


With Particular Reference to the Drugs Containing the 
Benzene Ring 


Roy R. Kracke. B.S., U.D., and Francis P. Parker. B.S., M.D. 
Emory University. Ga. 


T'lIE disease known as agranulocytosis was described as a clinical entity 
A only eleven years ago. 1 The first ease in the United States was reported 
nine years ago. 2 Since that time it has been constantly on the increase and 
at this time we have collected 473 cases from the American and Canadian 
literature alone. It is apparently increasing in frequency and also being 
recognized more readily. 

In our review of the American cases we have been impressed b\ the con- 
sistently increasing number of the acute fulminant types and also bj the large 
number of so-called chronic granulopenic patients as reported bj Roberts and 
Kracke. 3 

It is quite probable that the so-called acute granulopenia in which the 
granulocytes entirely disappear from the peripheral blood represents only a 
fraction of the total number of individuals whose blood count is depressed to 
some degree. Although there was a sporadic case of this disease prior to 1922, 
it certainly must have occurred very infrequently. 

Pepper* believes that it was quite common many years ago and cites the 
numerous instances of so-called putrid sore throat or malignant angina. But 

•From the Department of Pathology. Kinory University School of Medicine. 

Ktci-lvtvl for publication. November 15, 1055. 

Head in Section on Pathology. Southern Medical Association. Twenty -Seventh Annual 
•'hating, lUchmoml, Virginia. November 11 to 17. 1055. 
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this assumption is entirely unwarranted since the single diagnostic criterion, 
namely, a low leucocyte count, was lacking in these cases. The disease is oue 
that is easily diagnosed, runs a dramatic and clear-cut clinical course, and 
the fact that it was not observed before 1922 is practical assurance that it did 
not exist before that time. To state otherwise would be to reflect on the diag- 
nostic acumen of our clinicians of the past. Blood counts have been taken for 
fifty years. We must consider, then, that granulopenia is a disease of modem 
times and one that has come among us during the past ten years. 

ETIOLOGY 

Live Bacteria . — Since the first report of Schultz 1 in Germany and the re- 
port of Lovett 2 in the United States, many investigators have directed their 
efforts toward the solution of the etiologic factors. Up to this time these efforts 
have met with very little or no success. It is the chief purpose of this paper to 
present briefly* a summation of the work in this field and to formulate an 
hypothesis for the cause of granulopenia and to present evidence supporting 
this view, 

Lovett- noted in her case the presence of month ulcers infected with 
B. pyocyancus and at once suspected this organism as etiologic. She injected 
numerous laboratory animals but failed to produce the condition. 

Similar observations have been made by Linthicium,' Windham ,' 6 Keeney. - 
Also, Friedmann 4 in a study of 23 eases found B. pyocyancus in the blood 
stream of one. It will be noted that this same organism has been found in the 
blood stream of three of the American cases (Table I). These findings have 
led many to suspect it as etiologic but up to this time efforts to reproduce 
the disease in laboratory animals with it, have been unsuccessful. There is 
little support for the bacterial etiology of granulopenia since it has been well 
demonstrated by Roberts and Kraeke 0 that the basic pathology is first, the 
disappearance of the neutrophiles, and this in turn is followed by the invasion 
by any and every organism that is accessible, particularly throughout the 
entire length of the gastrointestinal tract. Most writers are in accord with 
the conception that granulopenia is first a disease of the bone marrow, fol- 
lowed by disappearance of peripheral granulocytes, this in turn followed by 
varying degrees and types of infectious processes. 

It will be noted from a study of Table I that at least 25 organisms have 
been found as blood stream invaders in this disease and that approximately 
20 per cent- of the eases show blood stream infection. The wide variety of 
invading bacteria can also be noted from the numerous types that are respon- 
sible for the ulcers. A few reports tending to incriminate various organisms 
have been made. Notable among these is the work of Fried and Damesliek " 
in which they reported the production of primary granulopenia in rabbits by 
the intravenous injection of Salmonella Suipestifer. An analysis of then 
report shows that in no instance did they reproduce the condition as it i s 
observed clinically, since they failed to produce a sustained and prolonged 
depression of the leucocyte count, but did produce a temporary neutropenia 
which, as has been well demonstrated, will follow the injection of any hille 
organisms or other matter in a finely divided state. 
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Table I 


Blood Stream 


_ nbmbep. o r cases 

ORGA NISM __ — ~ 3 

Streptococcus hemo lylicus 15 

Streptococcus viridans 9 

Streptococcus (type undetermined) 3 

Staphylococcus albus 4 

Staphylococcus aureus 4 

Bacillus Friedlander 3 

Pneumococcus, Type 2 1 

Pneumococcus, Type o 2 

Pneumococcus, Type •* . , 2 

Pneumococcus, Type undetermined 4 

Diplococcus (undetermined) 3 

Bacillus pyocyaneus 1 

Bacillus paratypliosus B - 3 

Bacillus coli 1 

Bacillus proteus 3 

Streptothrix , , . 9 

Streptococcus with other bacteria p 

Fusiform bacillus (Gram negative) j 

Estivo-autumnal parasites 3 

Varines cocci . 1 

Staphylococcus (undetermined) p 

Diphtheria baciUus 1 

Vincent’s organisms 1 

Typhoid bacillus p 

Bacillus (undetermined) 74 

Total number of positive cultures 395 

Negative, or not state ^ the tota l number of eases or 

1. Blood cultures are positive in about P« 
positive in 70 per cent of the examined cases. 

2. The streptococci are the most frequeut invaUers. teucopenic state. 

3. The blood stream infection is probably s econd Jr>Jojm_n : 1___ 

The clinical onset of many c.aee o£ granulopenia to been 
tooth extractions, treatment for pyorrhea, mouth ulcers, etc 
in a study of Table II that this is a common h. story and m man; 0 these 
cases Vincent's organisms have been isolated. We belteve that these oral 

Table II 

Important Featcp.es of the Histories _ 


_ * 

Tooth extraction 22 

Treatment for pyorrhea, etc. 00 

Treatment for syphilis j- 

Influenza (mild) 5 

Tonsillectomy 35 

Sore throat P5 

Acute coryza 9} 

Malaise and weakness 

Sudden onset (no premonitory symptoms) g 

Various operations - 

Abscesses and furunculosis g 

93 other clinical conditions, 1 to 2 in each patient 

Not stated adequately ‘ ‘ 

1. Wliether or not the numerous instances of dental therapy preceding the disease are the 
tiMiUs of a previously unrecognized leucopenia has not bc^n settled. ^ 

2. Nearly tliree-fourtlis of all reported cases had been receiving treatment tor some 
other disease for variable periods prior to their attacks of granulopenia. 

3. It is interesting that eight patients developed the disease while in a hospital tor 

treatment for other condition*. 
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this assumption is entirely unwarranted since the single diagnostic criterion, 
namely, a low leucocyte count, was lacking in these cases. The disease is one 
that is easily diagnosed, runs a dramatic and clear-cut clinical course, and 
the fact that it was not observed before 1922 is practical assurance that it did 
not exist before that time. To state otherwise would be to reflect on the diag- 
nostic acumen of our clinicians of the past. Blood counts have been taken for 
fifty years. We must consider, then, that granulopenia is a disease of modern 
times and one that has come among us during the past ten years. 

ETIOLOGY 

Live Bacteria . — Since the first report of Schultz 1 in Germany and the re- 
port of Lovett 2 in the United States, many investigators have directed their 
efforts toward the solution of the etiologic factors. Up to this time these efforts 
have met with very little or no success. It is the chief purpose of this paper to 
present briefty a summation of the work in this field and to formulate an 
hypothesis for the cause of granulopenia and to present evidence supporting 
this view. 

Lovett 2 noted in her case the presence of mouth ulcers infected with 
B. pyocyancus and at once suspected this organism as etiologic. She injected 
numerous laboratory animals but failed to produce the condition. 

Similar observations have been made by Linthicium, 5 Windham, 0 Keeney. 7 
Also, Friedmann 8 in a study of 23 eases found B. pyocyancus in the blood 
stream of one. It will be noted that this same organism has been found in the 
blood stream of three of the American cases (Table I). These findings have 
led many to suspect it as etiologic but up to this time efforts to reproduce 
the disease in laboratory animals with it, have been unsuccessful. There is 
little support for the bacterial etiology of granulopenia since it has been Avell 
demonstrated by Roberts and Kracke 0 that the basic pathology is first, the 
disappearance of the neutrophiles, and this in turn is followed by the invasion 
by any and eveiy organism that is accessible, particularly throughout the 
entire length of the gastrointestinal tract. Most writers are in accord with 
the conception that granulopenia is first a disease of the bone marrow, fol- 
lowed by disappearance of peripheral granulocytes, this in turn followed by 
varying degrees and types of infectious processes. 

It will be noted from a stud} - of Table I that at least 25 organisms have 
been found as blood stream invaders in this disease and that approximate^ 
20 per cent of the cases show blood stream infection. The wide variety of 
invading bacteria can also be noted from the numerous types that are respon- 
sible for the ulcers. A few reports tending to incriminate various organisms 
have been made. Notable among these is the work of Fried and Dameshek 91 
in which they reported the production of primary granulopenia in rabbits by 
the intravenous injection of Salmonella Suipestifer. An analysis of their 
report shows that in no instance did they reproduce the condition as it is 
observed clinically, since they failed to produce a sustained and prolonged 
depression of the leucocyte count, but did produce a temporary neutropenia 
which, as has been well demonstrated, will follow the injection of any killed 
organisms or other matter in a finely divided state. 
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Table I 

Bloou Stream Infection is Granulopenia 


ORGANISM 


NUMBER OF CASES 


8 

15 

9 


4 

4 

9 

«» 

1 


Streptococcus hcinoly t icus 
Streptococcus ciritlans 
Streptococcus (type undetermined) 

Staphylococcus alius 
Staphylococcus aureus 
Bacillus FrieillamUr 
Pneumococcus, Type 2 
Pneumococcus, Type 5 
Pneumococcus, Type 4 
Pneumococcus, Type undetermined 
Diplococcus (undetermined) 

Bacillus pyocyaneua 
Bacillus paratyphosus B. 

Bacillus coli 
Bacillus proteus 
Streptotiirix 

Streptococcus with other bacteria 
Fusiform bacillus (Gram negative) 

Estivo-autumnal parasites 
Varines cocci 

Staphylococcus (undetermined) 

Diphtheria bacillus 
Vincent’s organisms 
Typhoid bacillus 
Bacillus (undetermined) 

Total number of positive cultures 
Negative, or not stated 

1. Blood cultures aro positive in about 20 per cent of the total number of eases or 
positive in 70 per cent of the examined cases. 

2. The streptococci are the most frequent invaders. . 

3. The blood stream infection is probably secondary to the leucopemc state. 


9 

1 

1 

3 

1 

1 

1 

1 

1 

74 

395 


The clinical onset of many eases of granulopenia has been preceded by 
tooth extractions, treatment for pyorrhea, mouth ulcers, etc. It w ill be noted 
’ m a study of Table II that this is a common history and in many of these 
eases Vincent’s organisms have been isolated. We believe that these oral 
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Table II 


Important Features op the Histories 


Tooth extraction 
Treatment for pyorrhea, etc. 

Treatment for syphilis 
Influenza (mild) 

Tonsillectomy 

Sore throat 

Acute coryza 

Malaise and weakness 

Sudden onset (no premonitory symptoms) 

Various operations 

Abscesses and furunculosis 

Arthritis 


27 

22 

22 

17 

5 
85 
15 
91 
48 

8 

7 

6 


93 other clinical conditions, 1 to 2 in each patient 

Not stated adequately 77 

r ' "idts ' Y'^'Ahcyor not the numerous instances of dental therapy preceding the disease are the 
o a Previously unrecognized leucopcnia has not been settled, 
other » three-fourths of all reported cases had been receiving treatment for some 

3 j' 1 "? ! . or variable periods prior to their attacks of granulopenia. 
mat, 0 .',,, { w ““cresting that eight patients developed the disease while in a hospital for 
2i2li or ether conditions. 
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manifestations are secondary to a preceding neutropenic state. It must be 
borne in mind that when the granulopenic patient consults a physician he 
presents the terminal stage of a condition that has existed possibly for many 
months. And, furthermore, many people have developed acute fulminant 
granulopenia and have died without showing any ulcers whatever. There has 
been no experimental or clinical evidence to indicate that Vincent's organisms 
are capable of producing a severe and sustained leucopenic state. 

There are many reports in the literature concerning the efforts of various 
investigators to reproduce the disease in laboratory animals with organisms 
that have been isolated from their respective patients, but all of this work 
has been unsuccessful. Piersol and Steinfeld 10 injected intravenously into 
rabbits inactivated cultures, Berkefeld filtrates, and supernatant fluids of 
cultures of many organisms and failed to reproduce the condition and called 
attention to the fact that a temporary leueopenia may be produced by the 
injection of peptones and a large number of other proteins. 

It has been stated that granulopenia may be due to the continued absorp- 
tion of toxins from sites of focal infection. The recent work of Dennis 11 is 
important. lie was able to produce a sustained and marked leueopenia in 
rabbits in which he allowed the Streptococcus viridans to grow in the tissue 
under such conditions that the toxins were diffused throughout the animal body 
while the organisms remained in situ. His results were not conclusive in the 
use of Staphylococcus aureus , Streptococcus heuiolyticus , and B. proteus. It 
will be noted from a study of Table I that Streptococcus viridans has been 
reported as the most frequent blood stream invader in this disease. Dennis 12 
stated later that a weakness of his experimental work consisted in the use of 
a very large dose in relation to the size of the animal. It has long been 
known, of course, that overwhelming infection with certain organisms will 
produce variable degrees of leueopenia. 

Dead Bacteria . — The injection with dead bacteria in the course of vacci- 
nation has been suggested as a possible cause. Bromberg and Murphy 1 ® re- 
ported a typical ease following a series of typhoid vaccine injections. Ivracke 14 
has reported a similar case in which, however, the patient had taken so much 
phenacetine during the previous four-year period that she was suffering from 
a severe sulphemoglobiuemia. Dr. B. P. Irwin 15 of Moulton, Ala., has sub- 
mitted a record of a typical case following typhoid vaccination. In his ease, 
also, the patient was under treatment for various other conditions in which 
she was given considerable medication of various types. Pepper 4 has ad- 
vanced the conception that the disease may be allergic in nature, but there is 
little evidence to support his view. 

Glandular Dysfunction . — The influence of the endocrine glands on the out- 
pxit of both granulocytes and erythrocytes has been studied considerably and 
has long been suspected. 

Hubble 10 summarizes this work and postulates that bone marrow depres- 
sion may be caused by a pituitary basophilic insufficiency, and he states that 
there is much evidence to indicate that granulopenia may be caused by cortical 
adrenal dysfunction. 
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Britton and Corey 17 have reported that experimental aiUenal ^ 

in eats resulted in a marked degree of neutropenia with t t 
granulocytes to normal following administration ot 
They did not produce, however, the typical granulopenn. sy m 

monlyseen. . 

Jalfe 1 ’ has studied a patient with generalized infiltration o > “‘P nt 

which included invasion and destruction of the adrenal cortex u 
finally dying with a typical granulopenia. lie infers from this that 
granulopenia was due to a cortical adrenal insufficiency. ... 

Kunde et al. 11 ' have noted the production of a hy poplastic anc ' '1 . 
bone marrow in thyroidectomized rabbits. Evidence accuinu a ec ’ 

that the ductless glands in their various relationships hate an e ec 
output of blood cellular elements. This conception, however, w « 
await further confirmation. 

Radiation . — -Excessive exposure to radiation has been suspected ]) ■ 
sible etiologie factor. It is known that Thorium X will produce a in k 
neutropenia in animals and in the human being. It is conceit a > e. ' 
that excessive roentgen radiation can produce marked bone man ow 
sions, and it should he used with caution in the therapy of t us c lsease. ■ 
it will he noted from a study of Table III that gianu opema is a - 
essentially of the white race, being quite rare in negioes. ant t us 
some relationship to the radiation theory. 

Bone Marrow Idiosyncrasy . — This rather ill-defined conception includes 
the opinions of a considerable number of writers all of whom postu a e ia 
un occasional individual has a weakened or faulty hone man ow wlnci wi 
become nonfunctional if submitted to undue strain or stimulation. 

Beck, 20 in her excellent review of this disease, holds the view that the 
primary pathology will not he- found in the marrow' itself, but m that particu- 
lar organ or tissue which regulates granulopoiesis. She believes that those 
eases showing peripheral neutropenia but with a normal bone manow wou d 


Table III 


The Incidence or Granulopenia 


Number of cases in the United States 

Number of cases in the white race 

Number of eases in the colored race 

Race not stated 

Number of cases in males 

Number of cases in females 

Sex not stated 


473 

442 

S 

23 

161 

310 


1. The disease is essentially one of tlie white race. 

2. It exists in the ratio of two females to one male. 


be due to a lack of the cheniotactic factor, whereas the damaged bone marrow 
"■ouhl be due to a lack of the maturation factor. As Beck infers, it is true 
nit the bone marrow in some cases, both at autopsy and sternal biopsy, 

• S »>\\s a normal or hyperplastic state while other cases show a definite aplasia 
"f the marrow. 
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Fitzhugh and Krumbhaar 21 are of the opinion that the bone marrow may 
be hyperplastic up to the myelocytic level but that maturation ceases at that 
point. 

Kracke-- has studied a ease which showed a definite hyperplastic bone 
marrow at sternal puncture at a time when the peripheral cell count was 
500. This was explained four days later when the count reached 25,000. 
Finally this patient died with a second attack, showing a markedly aplastic 
bone marrow at autopsy. 

If Beck’s conception is correct, it follows that there is sometimes a tem- 
porary restriction of either the maturation or the ehemotactic factor. Her 
theory, however, does not explain why such derangement occurs. 

Chemicals. — It has long been known that various chemicals will depress 
the marrow function, resulting in complete inhibition of all cellular types. 
For example, benzene poisoning has been recorded as a process in which 
hematopoiesis is completely inhibited in all of the three bone marrow elements, 
resulting in a picture simulating aplastic anemia. It has been shown by 
Kracke 23 that benzene may be introduced into the rabbit in such small doses 
that it exerts a selective affinity for the granulopoietic tissue only, leaving 
the erythrocytic and thrombocytic elements relatively undisturbed. This 
same situation is conceivably true with other bone marrow depressing agents, 
and, no doubt, is true in the case of arsphenamine. Arsphenamine poisoning 
is a known etiologic agent in the production of bone marrow depression. The 
clinical picture resulting has been chiefly one of anemia, associated with 
granulopenia and thrombocytopenia as well. It will be noted from a study 
of Table II that at least 22 of the cases of granulopenia have been preceded 
by ai’splienamine therapy, and there is little doubt that the drug was etiologic 
in that particular group of eases. But still more important, it shows that 
arsphenamine is capable of producing a type of bone marrow depression re- 
stricted chiefly to granulopoiesis to such an extent that the clinical syndrome 
resulting cannot be differentiated from time idiopathic granulopenia. 

It has been shown that the injection of the human being with certain 
preparations of gold will produce a condition closely simulating, if not 
identical, with true granulopenia. Many such cases have been reported from 
France, Aeliard et al., 24 Ameuille and Braillon, 25 Angeras and Ginsbourg. 26 

The fact that typical granidopenia can be produced with gold prepara- 
tions and with arsphenamine preparations which contain the benzene ring 
is evidence that this class of products can, and in some instances does, mani- 
fest a selective action on the gramdopoietic tissue only. It seems, therefore, 
in the study of etiology that it becomes our problem to determine which of 
these chemicals has come into wider usage and closer contact with our people 
during the last ten-year period or during the period of agranulocytosis. 

THE INCIDENCE OF GRANULOPENIA 

Our review of the reported cases in the United States and Canada has 
uncovered many interesting findings in connection with the occurrence of this 
disease. 
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Geographic Distribution . — -We have collected from the literature reports 
of 473 cases from 1922 to 1932 inclusive. There has been an increasing num- 
ber reported each year, probably because of the larger number of cases, and 
its more widespread recognition. During this same period there have been 
reported in Germany approximately 350 cases. The French literature reveals 
about 100 cases in that country. The disease is apparently quite rare in 
Russia, Poland, and the Far East, and, for some unknown reason, it is ex- 
tremely rare in Great Britain. It may be more prevalent in the Far East 
than we suspect, but the cases probably are not reported. 

Dennis 13 has observed two cases in the University Hospital at Beirut, 
Syria, and states that he discussed the incidence of the disease with several 
physicians from Palestine and Egypt, and practically all of them had seen 
cases. Dr. Kleeberg who is practicing in Jerusalem said he had observed the 
condition there. Up to 1929 there had been only three cases reported from 
Russia. The rarity of the disease in England is of special significance. It 
is quite evident that it does not occur in that country to any appreciable 
extent. As we shall attempt to show, this may have its cause in the type of 
drugs that are employed by physicians of Great Britain. Briefly stated, 
granulopenia occurs mainly in the United States and Germany (see Table IY). 


Table IV 

Geographic Distribution op Granulopenia (From 1922 to 1932) 


NUMBER OP CASES 


United States 
Germany 
France 
England 
Italy 


173 

350 

100 

6 

50 


(Approx.) 

(Approx.) 

(Total) 

(Approx.) 


1- The disease is extremely prevalent in Germany and the United States. 
- u 13 extremely rare in 'England. 


finding’) ^ ^ Itace - — A stud . v of Table III reveals the highly significant 
1 lat gruuulopenia is a disease primarily of the white race, since only 
= reports of its occurrence in the colored l’ace were found, and in the 


Table V 


The Seasonal Incidence 

month 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 

November 

December 

Not stated 

110 apparent seasonal variation. 


NUMBER OP CASES 

32 

27 

39 

29 

26 


-O 

26 

17 

25 

25 

26 
159 
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majority of these, the onset was preceded by arsphenamine therapy. It oc- 
curs in the ratio of two females to one male, and this is also true of the cases 
from other countries. It has no particular seasonal incidence as shown by 
Table V as cases occur in about equal number throughout the months of the 
entire year. 

The average age is between forty and fifty and ranges from under one 
year of age to above eighty. It is, therefore, a disease chiefly of middle life. 

Occupation . — In our studies we have paid particular attention to the 
occupation of the reported cases and this study has revealed some very inter- 
esting and valuable information. It is a striking fact that granulopenia is 
more prevalent among physicians and their relatives, nurses, hospital em- 
ployees, and medical students than in any other group of people. Based on 
the 1930 population census of the United States, it occurs fifty times more 
frequent!}' in physiuinns than in lawyers, and two hundred times more fre- 
quently in nurses than in female school-teachers. We have made this obser- 
vation before and have called attention to this singular finding. 

It will be noted that of the 200 reported cases in which the occupation 
is stated, including the housewives, approximately 10 per cent of these 
have been physicians and members of the medical group. The so-called med- 
ical group, including physicians, nurses, hospital employees, etc., constitute 
60 per cent of the reported cases of agranulocytosis in the United States in 
that group in which the occupation is definitely stated. It is not justified 
to explain this on the belief that this illness is diagnosed more promptly or 
efficiently in this group of people, since it is well known that physicians are 
most negligent concerning their own health. 

This observation has been noted by several writers. In 1931 Stellkorn 
and Amolscli 27 in summarizing 42 cases of granulopenia from the region about 
Detroit, Michigan, made this significant statement, “It is rather curious to 
note that many of these patients were members of the medical or allied pro- 
fessions, or were relatives of physicians.” In their series of cases were 2 
nurses, 2 physicians, 1 dentist, and 7 immediate relatives of physicians. Studies 
of the reports of large series of cases show this same finding to be invariably 
true. In Harkin 's 2S group of 8 cases there was one doctor, one medical 
student, and one nurse. In a series of about 15 patients from the Mayo 
Clinic 29 the 2 eases of typical acute fulminant granulopenia occurred in a 
doctor and a nurse. Hinton 30 and his associates in Macon, Georgia, have 
studied 6 cases in that section, of which one was a physician and one was a 
nurse. Sydenstrieker 31 reported cue case from Augusta, Georgia, who was a 
physician. Madison and Squier 32 have recently reported from Milwaukee, 
Wisconsin, a valuable observation, in which they studied 14 patients, of whom 
5 were physicians, physicians' wives and nurses, and they stated, “In this 
"roup as in the disease at large, there seems to be a most remarkable relation 
to the medical and allied professions. ” Fitzhugli and Coniroe 33 reported IS 
cases from the University of Pennsylvania, and one of them is listed as a 
physician. Kracke 34 has studied 11 cases around Atlanta, Georgia, m which 
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, - st ' s it is interesting 

there was one physician, one nurse, am 1 was 0 ne of a physician. 

that the only case report we ha\e no phvs ieians are included in the 

Furthermore, we have been a civ isec - 

small group of cases around Denver. (oloi.uo. ( . ., mi i 0 nema is a disease 

These observations leave little dou )t « c q, u . chief problem 

which U peculiar i» its rda.iou t. the metol l>™"- “ ^ r f nt0 the 

then is to determine the possible etinlottic ac " ls | ) produce such 

tires of people in the medical ami allied protess.o, s that « ould p. 

a large number of cases in this group (set la e 

Table VI 

Studies os Occupation' — r 


Housewives 22 

Physicians 17 

Xurses 4 

Maids in hospital 3 

Medical students 1 

Laboratory technician 4] 

Relatives of physicians o 

School-teachers 5 

Partners 10 

Business men % 

Clerks 3 

Sailors 1 

Dentist 1 each 

■49 other occupations ogp 

Occupation not stated “ 

1 . The" disease is extremely prevalent in physicians and their relatives, nurse,, 

hospital employees. . . . , 

2 . It is fiftv times more prevalent in physicians than in • , scliool-teacliers. 

3 . It is two hundred times more prevalent in nurses than in female school 

(Based on population from II. S. Census.) — — 


Class of People. — Kraeke 14, 23 - 34 ’ 35 has repeatedly called attention to the 
fact that this disease occurs in the better class of our people. In 11 cases m 
the Atlanta section were included the following: (1) A retired, elderly, 
cultured woman; (2) a retired, elderly, wealthy woman; (3) a wife of a 
leading business man in a small town in Georgia; (4) a chief of police in a 
Georgia city; (5) a wife of an Atlanta dentist; (6) chief librarian in a girls’ 
college ; (7) a cultured, refined widow who was economically, moderately well- 
to-do ; (8) the wife of a leading Atlanta architect; (9) a practicing physician; 
(19) a nurse in the University hospital; (11) a middle-aged white man in the 
municipal hospital of Atlanta (who was a patient for two months there be- 
fore developing the disease). 

In this connection we quote from the report of Stellhorn and Amolsch— 
ns follows: “Very few of the cases occurred among the poor classes. Receiv- 
ing Hospital, a large hospital maintained by the City of Detroit for the poor, 
mid having an excellent staff of alert, well-read physicians, has no record of 
any cases of primary granulocytopenia. At least 9 of 31 true eases are ex- 
tremely wdl-to-do. Locally the disease is most common among the people of 
the better classes.” 

To summarize the peculiar distribution of granulopenia based on our 
present observations and an exhaustive review of the literature, we would 
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State: that it is a disease which definitely occurs in the better class of our 
people; that it has a peculiar predilection for members of the medical and 
allied professions; that it is confined almost exclusively to the white race; and 
that it occurs chiefly in Germany and the United States. 

THE RELATION OP DRUG THERAPY TO GRANULOPENIA 

AYe have long felt that the peculiar distribution of granulopenia could 
well be correlated with the use of certain benzene containing drugs that are 
commonly used for therapeutic purposes. We called attention to this in June, 
1930, at which time we believed that the benzene ring was incriminated in 
the production of this disease. At that time we reported our efforts to produce 
experimentally granulopenia in rabbits using some of the various oxidation 
products of benzene and using, also, a series of drugs which contained the 
benzene ring as their nucleus. We have investigated as carefully as possible 
the various etiologic factors in this respect in eleven cases of true idiopathic 
granulopenia with the following findings: 

Case 1. — An elderly white woman who had been subjected to repeated cystoscopic 
examinations over a period of nearly a year, during which time she was given frequently 
a large number of Peralga tablets (which contain 71 per cent of amidopyrine). 

Case 2. — A middle-aged white woman in whom the onset was preceded by a protracted 
period of illness diagnosed as influenza, during which time she was given practically daily 
amidopyrine and empirin compound for a period of several weeks; and prior to that time she 
had taken about three tablets two or three times a month over the past four-year period. 

Case 3. — A middle-aged white man had taken for more than a year, as much as 15 gr. 
of amidopyrine daily for attacks of precordial pain, interspersed with a prescription contain- 
ing phenacetine. Just before the clinical onset he was treated for a condition diagnosed as a 
mild attack of influenza and was given a prescription of capsules containing phenacetine. 

Case 4. — A middle-aged white woman, the wife of a dentist, had taken a proprietarv 
preparation known as James’ Tablets several times weekly over a period of from five to ten 
years, according to her husband. He stated that his wife took these tablets for every ache 
and pain. Investigation showed that eaeh tablet contained one grain of acetanilid. 

Case 5. — A young white woman, a nurse in the Emory University Hospital, had taken 
from 5 to 15 gr. of amidopyrine daily during her menstrual periods for a period of several 
years and had taken them more frequently during the seven or eight weeks preceding the onset 
of her illness. 

Case 6. — A middle-aged white woman, librarian, had emotional stress during her last 
year of life. She was known to have suffered from profuse menstruation and, according to 
such information as was available, was thought to have been addicted to the use of the so- 
called coal tar drugs. 

Case 7. — A middle-aged white woman had received three doses of neoarsphenamine and 
had taken empirin compound for her various minor symptoms (phenacetine, aspirin and 
caffeine). 

Case 8. — An elderly white woman gave a history of prolonged use of compounds con- 
taining phenacetine which had been prescribed for her by her dentist in connection with a 
long period of dental work. 

Case £). — A middle-aged white woman had been given phenacetine for five years preced- 
ing the onset of her illness, and during this five-year period had taken so much that when 
she was admitted to the hospital with granulopenia, she presented a typical picture of 
phenacetine poisoning with the marked slate blue color of sulphemoglobinemia. 

Case 10. A middle-aged physician in general practice was known by his brother, who 

was a dentist, to be a coal tar drug addict, to such an extent, that his brother had even at 
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limes remonstrated that lie took entirely too many of these drugs. His brother stated that 
he had taken such drugs as empirin compound, allonal, pvraniidon, etc., almost daily for 
years for the slightest ache or pain. 

Case 11. — A middie-aged white man admitted to Grady Hospital (Municipal) Atlanta, 
for treatment of rectal fistula. He was in the hospital for two months during which time his 
medication covered a wide range of drugs. Included in this were generous doses of 
pyramidon. It is not known to what extent he took these preparations before his admission 
to the hospital. It is noteworthy that this patient developed granulopenia only after he had 
hecn in the hospital for two months and is the only case of granulopenia that has been 
observed in the 600 bed Municipal Hospital of Atlanta. 

The cases outlined above were of the true idiopathic granulopenic type 
and do not include the chronic forms. 

We have felt for the past three years that members of the medical pro- 
fession have been prone to prescribe and use this class of drugs for their own 
ailments and for members of their families. We also feel that the average 
hospital nurse in the course of her duties, when seeking a mild analgesic, will, 
because of her familiarity with these newer preparations, employ one of the 
coal tar drugs instead of the older remedies such as aspirin. We feel also, 
that average laymen when treating their own aches and pains will use 
aspirin unless they utilize some drag that has been prescribed for them by 
their physicians. We have further observed that the average negro who, in- 
cidentally, is not subject to as many minor complaints and illnesses as the 
khite person, knows little about this class of drugs and seldom, if ever, uses 
them on his own initiative. 

In order to verify these points, we have conducted a study of several of 
these groups with particular reference to the usage of the coal tar drugs. 
Ibis information was obtained by history blanks which were filled out by the 
ollowing groups of people: (1) 154 student and graduate nurses,- (2) 100 
P ysicians; (3) ioo random admissions to the University Hospital (white); 
(I) 100 admissions to the Municipal Hospital (colored). The results obtained 
rolTl *kis series of questionnaires will be seen in Table VII. 

, sum marize the information from this table, it will be noted that of 

ose nurses who resort to the use of drugs, 76 per cent will select a drug 
containing the benzamine group; second, of those physicians who will pre- 
theV i01 " ^ lemse ^ ves an< I their own families, 56 per cent will use drugs of 
en? Amine group; third, of the average white lay patients, approximately 
per cent will select drugs of this class; and, in the colored group about 
per cent would use this type of drug. 


histories 

-tumkr usim- l'f" 5 d . rug3 
P'Tci-ntv, . n » .kenzanune drugs 

Number u'i;„ a , lnK be , nzamino drugs 
i'. fvvni;,-.,, aeet ylsaHcylic acid 
Number min!' 11 ? aeet ykuUcyUc acid 
Per rent mj.,% '! tUgs not cla ^'fied above 
— — iHflfg jrujs not classified aW „ 


NURSES | DOCTORS | LAITY 


154.0 

100 

100.0 

100 

124.0 

100 

65.0 

22 

94.0 

tit) 

17.0 

15 

75.S 

55 

26.1 

15 

26.0 

45 

44.0 

7 

20. S 

45 

67.9 

7 

4.0 



4.0 


3.:: 



6.0 



NEGROES 
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usage in the same groups. In other - words, if a mu'se needs an analgesic 3 
out of 4 will select a coal tar drug and 3 physicians out of 5 will use the same 
class of drug, whereas, only 1 white layman out of 4 and 1 negro out of S 
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• 1 W,. believe therefore, that there exists a 

.ill « the drui^ ‘ ', r „., s t0 , 1,0 iucidcuce of grami- 

direct relationship between the usa^e ‘ 15 

lopenia in these various groups. 01 . re . 

The peculiar geographic distribution disease i„ 

lated with usage of this class of di u-s- 1 i t derivatives 

Gemativ and the United States approximates t le use disease in 

of this 'class in these two countries. The practical absence of the disease m 

England is correlated with the fact that this class of di ngs is u. 
extent in that country. It is also known that some of these drug* 
those in combination with barbiturates, have been introduced only dhm t 
last ten- or. twelve-year period which is the time period of granulopen 
Therefore, based upon these statistical studies and ll P°n nur 0 sei ‘ 
a series of 11 cases of granulopenia and on our studies o c ni„ usa ° 
various groups of people, we believe that this must be seriously considered 

an etiologic factor in this disease. 

In October, 1933, Madison and Squier* presented a report of 14 eases o 
granulopenia, and in every instance the onset of the illness la een piec 
by prolonged or intensive administration of drugs of this class, and they state, 
“In each of the 14 cases there was a definite history of amidopyrine m com- 
bination with a barbiturate or pyramidon in practically all of t le cases 
have seen.” 

On the basis of the evidence submitted in this papei we, theiefoie, bare 
formulated the hypothesis that the disease owes its high incidence in nurses 
and physicians to tlieir indiscriminate use of drugs containing the benzamine 
group, the more prominent members of which are shown in Fig. 1 where the 
possible mechanism of their oxidation to the intermediate products is graph- 
ically illustrated. 

It has been shown by repeated animal experiments that the subcutaneous 
injection of benzene will produce a depression of the hone marrow with a 
Wood picture in which the leucocyte count falls to 200 or 300 cells with com- 
plete absence of granulocytes. It is our opinion that this effect is produced, 
not by the direct action of benzene upon the bone marrow, but by the action 
of some of its oxidation products. In support of this contention, labbits were 
injected subcutaneously with a mixture of equal parts of benzene and olive 
oil and the tissues at the site of injection were analyzed eighteen hours later 
for some of these products. The findings showed benzene to be present only 
111 tr nees, while phenol and catechol were present in considerable amounts. 
Analysis of a noninjected control animal showed these products to be absent. 
Similar results with the additional finding of small amounts of hydroquinone 
have been reported 43 by Seliultzen and Naunyn. Munk, Baumann and Herder, 
mul Xeneki and Gaicosa. At the same time bone marrow from the injected 
animals was analyzed and showed the presence of both plienol and catechol 
mt no trace of benzene. Similar control animals gave entirely negative re- 
sults. This indicated that benzene as sueli did not reach the bone marrow but 
1 id not exclude further oxidation products of the benzene ring as the causa- 
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tive factor in the leucocyte depression. The oxidation of hydroquinone or 
catechol to para-quinone and ortlioquinone respectively, can easily be carried 
out both in vitro and in vivo. In the latter case this reaction is activated by 
an enzyme, plienolase ,' 3 which is present in the leucocyte. The following is 
the progressive oxidation from benzene to quinone : 



3aozg n c 



V V 




T^ru'tjutnane 


Additional oxidation beyond this point would result in breakage of the 
ring with the formation of a straight chain carbon compound. It is doubtful 
that such a compound would have serious toxic action since straight chain 
carbon compounds are more easily oxidized by the body than the ring con- 
taining compounds. 

Certain drugs of the coal tar series have been constantly associated with 
the cases of granulopenia herein repoi’ted . 34 It must be noted that these 
drugs all have as a nucleus the benzene ring with an attached amine (-NH 2 ) 
group, making them substituted primary amines. This basic structure sets 
them apart (so far as their reactions are considered) from other coal tar 
derivatives, such as aspirin, etc., which do not contain the primary amine. 
For this reason we have arbitrarily designated these compounds as “ben- 
zamine drugs” to facilitate reference to them as a group. The drugs con- 
tained in this group are amidopyrine, plienacetine, acetanilid, arsphenamine, 
neoarsphenamine, and those proprietary preparations which contain one or 
more of the above mentioned. The structural formulas of these drugs are 
given below with the primary amine nucleus shown in bold face type. 
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It is well known that tiie presence of an amine group on the benzene ring 
greatly increases the ease with which the structure can be oxidized. This 
property is little influenced by the substitution of additional side chains either 
upon the ring or upon the amine group itself. With these facts in view, we 
have worked out the possible oxidation products of these drugs in an attempt 
to arrive at an end-produet common to both benzene and the benzamine com- 
pounds. These reactions are logical and sound chemically, but are highly 
theoretical physiologically, in that they' have not been proved so to take place 
in the animal organism. 

The oxidation of aeetanilid and phenacetine to para-aminophenol both in 
vitro and in vivo 41 is well established. The compound has been isolated from 
the urine 42 and the blood serum 10 of patients to whom these drugs have been 
administered. The further oxidation of para-aminophenol to quinone 47 is 
easily carried out in vitro, but as yet, has not been demonstrated in animal 
metabolism. Hydroquinone is probably formed as an intermediate in this 
oxidation. These reactions are attended by the splitting off of acetic acid in 
the case of aeetanilid, and of acetic aekl and ethyl alcohol in the case of 
Phenacetine. The side chains probably are oxidized further as straight chain 
carbon compounds. The complete reaction is as follows: 



FhenactUnz 


p, . le hterature affords little information as to the ultimate fate of amido- 
u'n i!! e t ! U n ° mal ° r abnormal animal metabolism. Current opinion is summed 
Mane .«!?• statement tli at it is excreted either unchanged 45 or as related suh- 
CLJ: u Ut n0mention is lnade as t0 what such related substances might be 
looked imn' amid T™ is a P yrazolon derivative of benzene, or it mav be 
in it s Liu aS adenvatlv e of phenylhydrazine, since this compound is used 
to 10 presence of ketone oxygen on the carbon adjacent 

that the nvSoion " extremely unstable** so, it is at this point 

bon MffsSm "T W ° nld break - This ^ves rise to a straight ehain car- 
nitrogens 2 Z 1 °5 P^hydrazine. The linkage between the two 
■ r , Phenyllmlrazme derivative is easily broken bv reduction w 
' ° UatUr0 ot th “ S1, hstitnted side chain. This reaction would 
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give rise to auilin plus a side chain which may be disposed of as indicated in 
the following reactions. The auilin thus formed is readily oxidized in vitro 
to para-aminophenol, 44 hydroquinone and fin all}' to quinone, and therefore 
might undergo the same reaction in the human body. These reactions are as 
follows : 
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Several aspects of the toxicity of arsphenamine have been dealt until by 
Voegtlin. 5 '-’ He explains these either on the physical changes that the drug 
undergoes when injected into the blood stream, or upon the chemical action 
of trivalent arsenic with glutathione. It is pointed out that this latter reac- 
tion upsets the normal tissue oxidation-reduction equilibrium with a result- 
ing tissue asphyxiation. He mentions the occurrence of “aplastic anemias” in 
some instances, subsequent to the administration of arsphenamine, but does 
not explain this marrow depression other than by saying that it may be due 
to the longer retention of arsenic in the bone marrow than in any other tis- 
sue. 53 However, our animal experiments in which trivalent arsenic in the 
form of Fowler’s solution was administered over a period of forty days pro- 
duced no depression. 

This lack of action of arsenic tended to center attention upon the benza- 
mine nucleus of the compound. It is well established that arsphenamine or 
neoarsplienamine when administered intravenously, is readily decomposed by 
breakage of the double bond between the arsenic atoms, with the resulting 
formation of two molecules of arsenoxide. 52 According to Voegtlin, it is this 
compound which, by virtue of its trivalent arsenic, reacts with the SH of 
glutathione. He also shows that arsenous acid (H0-As=0) when admin- 
istered to animals, is more toxic than either arsphenamine or arsenoxide.-* 1 
This would point to the probability that trivalent arsenic may exert its toxic 
effect equally well regardless of whether or not it is attached to the benzene 
rin<,. Therefore, removal of the arsenic from the ring with its hydrolysis to 
arsenous aeid would leave the benzamine group, ortho-aminophenol, free to 
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be oxidized to catechol, and finally t0 and tbe am ine groups can be 

arsenic is not split from the ring, the hjc - . chain of reactions 

oxidized, without interference, to the qumone form. 

is as follows : 
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Prom the above rear, tone, it is obvious that the 
benzene, acetanilid, pheuacetine, amidopyrine, ant ais rn-oducts are 

to several compounds in common. These intermediate and end-p ^ at 

bydroquinone, catechol, orthoquinone, and d ressant aet i 0 n of 

one or more of these compounc^aryespon ^ ^ benzamine group 

benzene upon the bone marrow, and it so, u oui i 

as also being primary agents in the production of gian ope j 

It must be noted in Table VII that a large percentage of persons m 
these groups used acetylsalicylie acid in the form o ei ei . p 

This compound has as its basis the benzene ring, but no attached am » P- 
It is well established 55 that this drug is partly hydro met - 

testinal tract to salicylic acid. The unhydrolized portion is ^ ^ f 
as such, while the salicylic acid is excreted mainly unchanged or conjugated 
with sulphuric and glycnronic acid. A small portion may be oxidized to 
oxysalicylic acid and hydroquinone. The amount of this latter product would 
probably be very small since from a chemical standpoint, the absence of t 
amine group on the ring would he responsible for the slight degree to which 
this reaction would take place in comparison to the degree of occurrence of 
this same reaction in the benzamine drugs. 

From a study of the various chemical reactions involved it becomes ap- 
parent that the therapeutic effect of most of these drugs is based on one o 
the oxidation products. It is also true that the bone marrow depressing 
effect of beuzene is due to one of its oxidation pioducts an not o e iu 0 
itself. Therefore, it seems probable that bone marrow depression should be 
produced by the intravenous injection of one or more of these pro nets. 

Up to this time we have been able to produce a mild grade of leucopema 
in two laboratory animals with the use of hydroquinone as previously re- 
ported. 13 At this time we have injected a large series of animals intrave- 
nously with hydroquinone, catechol, aniline, para-aminophenol, quinone and 
phenol, and we have been able to produce mild and seveie giades of neutro- 
penia only in an occasional animal and not to such an extent that we are able 
to state with certainty that we have reproduced the clinical picture. It must 
he remembered that all laboratory animals do not have inferior bone mar- 
rows, and the same situation may exist in the rabbit as we know exists in the 
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human being,, that is, only an occasional human being develops granulopenia, 
while many thousands of individuals have taken the benzamine drugs indis- 
criminately and have shown no depression of the bone marrow. 

This can well be illustrated in the case of arsphenamine. As shown by 
the statistics of the Medical Department of the United States Xavy 10 nearly 
700,000 doses of neoarsphenamine were administered in the eight-year period 
from 1925 to 1932, inclusive, with untoward reactions totaling 519, or one 
reaction in 25,000 doses, with only one bone marrow depression to each 90,000 
injections. This is equally true of granulopenia, since only 500 cases have 
been reported in the United States from a population of 120,000,000 people. 
Therefore, an inferior, weakened bone marrow must be presupposed in the 
production of this disease. B 3 r the use of various oxidation products, we have 
been able to depress the leucocyte count of rabbits to as low as 1,000 cells per 
cubic millimeter. Detailed results of these experiments will be presented in 
a separate communication. 

CONCLUSIONS 

1. The etiology of granulopenia has not .yet been proved. 

2. It seems reasonable that a certain percentage of the eases is due to 
arsphenamine, a certain percentage to gold salts and perhaps other chemicals, 
leaving, however, a large group of the idiopathic type with an unknown 
etiology. 

3. The disease is more prevalent among physicians and their relatives, 
nurses, hospital employees and members of the allied professions, than in any 
other group of people in the United States. 

4. It is essentially a disease of the white race. 

5. It affects primarily the better class of our people. 

6. Its distribution is correlated with the usage of benzamine drugs. 

7. A record of 11 cases is presented in which the clinical onset was pre- 
ceded by prolonged or intensive administration of drugs containing the ben- 
zamine group. 

8. Statistics are presented to show that this class of drugs has wide usage 
among members of the medical and allied professions. 

9. An hypothesis for its production, based on oxidation reactions of the 
benzamine drags, is presented. 

10. In the clinical or experimental development of granulopenia, it is 
necessary to presuppose the existence of a previously weakened, damaged, or 
idiosyncratic bone marrow which may be congenital or acquired. 

11. It is urged that all who have the opportunity to study cases of granu- 
lopenia should direct their attention to a careful histoiy of known marrow 
depressing agents and the usage of benzamine drugs in particular. 
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BLOOD IODINE STUDIES* 


II. The Normal Iodine Content of Human Blood 


Chester B. Davis, Ph.D., M.D., Lincoln, III., George M. Curtis, Ph.D., M.D., 
and Versa V. Cole, Ph.D., Columbus, Ohio 


introduction 

T HE constant occurrence of iodine in normal human blood is now firmly 
established. The ample demonstration of this fact has followed the 
development of modern micromethods, designed particularly to detect the 
minute amounts consistently present in clinically obtainable quantities of 
blood. It is apparent, particularly from the extensive work of Sturm 1 and that 
of Lunde and his associates , 2 as well as from our own studies , 3 that there is 
a definite interrelationship between thyroid activity and the blood iodine 
niveau. Furthermore, it is evident that this niveau is altered by other physio- 

•From The Departments of Surgery of The University of Chicago and of Ohio State 
University. 
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. . , . inc v There is thus opened 

logic conditions, notably 1 S 1 ' ' 1 ' ' j )i ''f u t i'c t ^ ,n in' health and in disease, 

up a new approach to studies the norma l range and average 

It is evident that it is essentia o ■ ‘ u . eU as ’ m patients without 

level of the blood iodine in normal mdivitiu ‘ ’ ‘ the other hand, exten- 
thvroid disease. Such studies are now a ' a of f , 0 i te r has led to the con- 

sive investigation of the iodine deficiency t % egions . Likewise, the 

elusion that the iodine intake vanes 111 different countries. Too, 

manifestations of thyroid disease vaiv " * _ an{ j a ; r _ j s not the same in 

available iodine, as existing in the foo , wa se emed advisable to make 

various geologic regions. As a consequence * ^ reg i on; and partic- 

blood iodine determinations of noinia in thvroid disease.® ile wish to 

ularly of our hospital and out-patients w i 1011 • rev j ew 0 f the pioneer 

present in this paper these findings, toge ier vpsults with those of the 
w.,t on the blood iodine, and a con, par, non of on. >e»ults 

more recent studies. 

HISTORICAL 

, ttQ - the nresence of considerable iodine 
Baumann's 1 discovery, m l89o, interest j n iodine metabolism as 

within the thyroid gland led to a renew determination of iodine 

related to thyroid function. Better methods tor the drteram 

»e developed, and the htood and are Rented 

The earliest data which we have f for the most pa rt at variance 

mainly for their histone interest, since Qallard 3 investigated the 

with those of the more recent studies. ^^Ltion in the blood 

absorption, of iodide by the skin, and its ' 1 , , h1 ot i after bathing 

- other tissues. He found the iodine conten of rahh.t blood, after to*. 

the shaved abdominal skin with sotbum todule ^ ^ later obscr vation.s, 

percent. This high value, however, is m a * t , P iodine 

aince it has been shown that the blood ^ iae “ ^ mma per cent. This 
stration. 1 In a normal control animal he t a p. an( j 

figure is far too high, in the light of recent studies and of on 
indicates contamination, or that the animal had peer ™m,l> reoett ed 
some form, Gallard used 100 ee. of blood, and a mod.ficatron of the Kabourdm 

Baumann method devised by Bourcet. 6 

Gley and Bourcet/ unable to demonstrate iodine in 100 to 200 ec samp es, 
used a liter of dog's carotid blood to determine the blood iodine. Bourcet s 
method was followed. They found from 0.013 mg. to 0.112 mg. per liter, or 
a range of from 1.3 to 11.2 gamma per cent, and an average o m gamma per 
cent for the seven dogs. No correlation was observed between the amount of 
iodine present in the thyroid gland and the blood iodine level. In clotted 
blood they found the iodine in the serum, and none in the clot. In centrifuged 
blood the iodine was found only in the plasma. This was not con irmed by 
Veil and Sturm. 1 Dialysis of the serum or plasma revealed that no iodine 

~ (Utemtoltau reported at thU time are all from the Billing Hospital of the L'ni- 

rsllj of Chicago. the minute amounts of loillne present In the 

M.-X1 an.f'tSS.. Hhpramuone one-thou-amith of a mllliKram (0.001 ms.). The unit has 
also ban designated a murropram. 
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passed into the dialysate. They consequently concluded that the iodine 
existed in the plasma in protein combination, and that it was a normal con- 
stituent of the blood. 

Bourcet s investigated the iodine content of other organs and tissues. He 
found 0.005 mg. of iodine in 200 c.c. of carotid blood pooled from three male 
rabbits. This is 2.5 gamma per cent. He also found small quantities of iodine 
in dog's blood. In studying iodine elimination, he examined human menstrual 
blood. In five individuals this contained from 0.80 to 0.90 mg. of iodine per 
kilo of blood, or 80 to 90 gamma per cent. In a sixth woman simultaneous 
epistaxis. blood was examined. The menstrual blood contained 94 gamma per 
cent of iodine, the epistaxis blood contained but 2.1 gamma per cent. He con- 
sequently concluded that menstrual blood is an important vehicle of iodine 
elimination, owing to its high iodine content. 

Gley and Boureet 9 subsequently investigated the effect of exsanguination 
on the blood iodine of male dogs, using from one-half to one liter of arterial 
blood. In six normal animals the blood iodine ranged from 2.8 to 9.8 gamma 
per cent, averaging 7.5 gamma per cent. In two others extreme values were 
found, 300 gamma per cent in one and less than 1 gamma per cent in another. 
They found that the blood iodine diminished rapidly after extensive exsan- 
guination, and that after several days, it disappeared completely from the 
blood. These results are open to serious question. 

Blum 10 sought to determine whether the specific “Jodeiweiss” of the 
thyroid was secreted into the blood stream. He regarded the thyroid as 
essentially an organ of intraglandular detoxication. In accord with his view 
the iodine, which Baumann had demonstrated to be present, might be used 
only in the local economy. With Griitzner, 11 a method was devised and 
tested for the determination, by titration, of organically combined iodine in 
the presence of organic matter. The “inorganic” iodine was first extracted 
by acetone. This method was first applied to sheep’s blood. 

Blum and Griitzner 12 subsequently attempted to answer the question of 
the constant presence of thyroid secretion, as organically combined iodine, in 
the blood. Using Hunter’s” method on 50 to 1340 c.c. samples of whole 
blood, they found from 14 to 140 gamma per cent in five male sheep. However, 
in four others they failed to detect iodine. They likewise found none in two 
125 c.c. samples of goat’s blood. Using their own method 11 they detected iodine 
(“inorganic”) but twice in the acetone extract of 6 samples of sheep’s blood, 
and found none at all in the residual coagulum. Likewise no iodine was 
detected in the blood of 3 dogs, in the blood of 2 men, or in the blood of 2 
pregnant women. In the blood of 5 dogs, “ jodfrei erniihrte,” no iodine was 
found, even though the thyroids contained considerable iodine. They con- 
sequently doubted the existence of iodine as a normal constituent of the blood. 
After giving from 0.5 to 2.0 gm. of sodium iodide to 6 dogs, the blood con- 
stantly contained iodine, even up to twenty days after the administration. 
This was found in the acetone filtrate (“inorganic”). 

Pathologic bloods were then examined. Unfortunately they were unable 
to obtain and analyze the blood of patients with exophthalmic goiter, whose 
blood iodine was subsequently discovered 1 to be high. Among 16 patients 
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with, eclampsia, 10 showed from a trace to 100 gamma per cent of organically 
combined (coagulum) iodine. Iodine was similarly found in the blood of 2 
patients with severe nephritis and in one with convulsions due to a brain 
tumor. They concluded that iodine in organic combination does not occur in 
normal blood, and that the “inorganic” iodine occasionally found, comes from 
the food ingested, or from medication. 


Cameron 13 made an extensive investigation of the iodine content of various 
plant and animal tissues. He used Hunter’s method. 11 He found no iodine in 
dog or rabbit blood, nor in many other tissues. The sample, 0.5 gin., taken 
for analysis, however, was too small, in view of the minute amount of iodine 


normally present and the sensitiveness of the method he employed. It would 
he difficult to demonstrate the presence of iodine in 0.5 gm. of blood even b} r 
the most sensitive modern methods. 


, ^hese pioneer investigations had shown that iodine may be detected by 
usm ° sufficient amounts of normal mammalian blood and by employing ade- 
quate methods. A number of significant questions had thus been raised, among 
eia ; Is iodine a constant constituent of mammalian blood ? If so, in what 
combination does it exist — organic, inorganic, or both ? What is its relation 
o tie thyroid gland, and to the thyroid iodine? What is its relation to 
^ r01 ^bsease? The answer to these, as well as further progress, was depend- 
j? apoa the development and application of more sensitive methods for 
" e biochemical determination of iodine. 


he first modern figure for blood iodine ," as Orr and Leiteh 15 are 'pleased 
eent ” m v ‘ S ! t ! mt ° f KenclaI1 and Richardson 18 for ox blood, 13 gamma per 
anal'vJ *, , * method ” was used on cw. samples. In twenty-three 

Per cent ‘r ^ raQ “' ed frWn 10 t0 17 " amma P er cent - averaging 13 gamma 
adder! S1Xteea subse( i uent analyses, known amounts of iodine were 

added water elution after charring and fusing the blood. The amount 
these was fromlTof Y SUbtracted from that determined. The range in 
13 gamma nee f P6r Cent ’ The average ' ll0wever - was the same, 

blood from 9 9 i L ™ am ° Unts of iodine were added to whole 

limit nf , * 4 3 0 per cent was not recovered by the analysis. The lower 

* * det6Ctable iodi - ^ Kendall’s method is about 5 gamma (0 005 mg). 

•M. iodtae”. S'"™ 8 thc •'“* ll »™d contained consider, 

female r, oa L » * T d he efterent blood from the thyroid veins of emht 
into the° blood of th S ?**** attempted to demonstrate the passage 
"’ms used on ion ° Iodlne ’ eontamm S thtmoid secretion. Kendall’s method 

« tot z rr- Thc •*"* «* *° -ziz 

blood, however was found f S gamma per ceat - Efferent thyroid 

20 -S gamma per cent Thlv T °« ° t0 5 ? gamma per eent > averaging 

v-r ■ 1 

iaiyins - 


, *ThU is 
for I 

Jn ‘ l Joe blood. 


t8.tSfJrtr.Jsa 



822 


TXIB .JOURNAL OE LABORATORV AND C'UXICAL .'MEDICINE 


Clieymol and Gley, 20 using Kendall’s method, found 13 gamma per cent 
of iodine in the pooled blood from 5 male guinea pigs, and 11 gamma per cent 
in the pooled blood of 5 females. In dog’s carotid blood they found 9.6 
gamma per cent, and in the blood of the female goat 12.4 gamma per cent. 
Samples of 100 c.c. were used for analysis. 

RECENT INVESTIGATIONS 

During the first decade of the twentieth century advancing goiter 
research had created a demand for an adequate method for the determination 
of minute amounts of iodine. In 1922 the Swiss Goiter Commission conse- 
quently requested von Fellenberg, of the Government Bureau of Hygiene, to 
develop such a method. He devised, perfected, and eventually synthesized 
the known existing quantitative procedures into a true micromethod for the 
determination of iodine. 22 The lower limit of detectable iodine by this method 
is about one ten-thousandth of a milligram (0.0001 mg.). Two of his pupils, 
Sturm and Lunde, soon applied his method to the study of the blood iodine 
in thyroid disease. 

The successful application of the principles developed in von Fellenberg’s 
method has led to such extensive developments that from this point we must 
limit ourselves to the discussion of normal human blood iodine values. Since 
determinations of the blood iodine on hospital patients have been used by 
some investigators as normal, we are including them in this report. However, 
we are omitting all blood iodine reports on goitrous patients, on patients with 
dietary deficiency diseases, on patients with acute inflammations, and on those 
with leucemia, as well as blood iodine determinations made on women during 
early menstruation, pregnancy, and lactation. 

Alexander Sturm learned von Fellenberg’s method at Berne. Returning 
to Veil’s Clinic in Munich, he investigated extensively' the blood iodine in 
normal individuals, in patients with thyroid disease, and in those with various 
other diseases. His study 1 presented, in 1925, the first comprehensive data of 
normal human blood iodine values. In a series of 36 individuals, studied in 
the late summer and fall, the blood iodine averaged 12.S gamma per cent. 
In 24 normal individuals investigated during late fall and winter the average 
was lower, 8.3 gamma per cent. The iodine occurred in similar concentration 
in the plasma and in the corpuscles. When the blood proteins were precipitated 
by' alcohol, about 35 per cent of the iodine was recovered in the alcoholic 
filtrate. The remaining 65 per cent was found in the precipitate. From 
Jena, in 1928, Sturm 23 reported a series of blood iodine determinations made 
on 10 men. These revealed high values in May' and July', of 15.0 and 14.1 
gamma per cent, respectively'. The lowest level, found in December, was 9.9 
gamma per cent. 

Maurer and Diez, 2i of Munich, investigated the blood iodine diming men- 
struation and pregnancy'. During this study they' determined the blood iodine 
of 10 women during the intermenstrual period. These determinations were 
made during the winter. They ranged from 4.2 to 15.0, averaging 9.2 gamma 
ner cent. Latex-, Jahn and Kesselkaul, 23 also of Munich, studied the variation 
of the blood iodine during the menstrual cycle. They reported that 17 normal 
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women had intennenstrual blood iodine 
gamma per cent, and averaging 9.5. 

Jansen-' 5 reported an average of 12 
individuals at Bonn. 


values ranging from 7.2 to 12.0 
to 14 gamma per cent in normal 


In the study which DeQuervain and Smith 27 made at Berne, on the blood 
iodine of cretins and of patients with nontoxic nodular goiter, they included a 
series of determinations made on five normal individuals during the winter. 
These determinations ranged from 11.1 to 14.6 gamma per cent, with an 
average of 13.1. 


Lunde, C'loss and Pedersen, 2 reported 11 to 16 gamma per cent as the 
normal blood iodine level occurring in Oslo. For fractionating the blood 
iodine, Lunde devised a method of alcohol extraction, this differs from. 
Sturm’s 1 method of alcohol precipitation. By Lunde ’s method only 1 to 4 
gamma per cent was found in the alcohol insoluble fraction. Work from 
Lunde’s laboratory indicates that the alcohol insoluble fraction is of partic- 
ular significance in the pathologic physiology of toxic goiter. 

At Aberdeen, Orr and Leitch 15 determined the blood iodine by the Leitch 
and Henderson method. They found in 16 normal individuals, examined in 
the spring, an average of 6 gamma per cent, while that of 28 individuals, 
examined in the fall, averaged 8.4. 

In 1929 Eisler and Sehittenhelm, 28 using the von Fellenberg method, 
reported from 10 to 13 gamma per cent as the normal blood iodine level for 
Kiel. The same investigators in 1932, 29 reporting seventy-one blood iodine 
determinations, gave from 7 to 9 as the range for winter and from 9 to 12 
as the range for the summer. 


Low weather, 90 while studying the blood iodine in patients with cancer, 
estimated the blood iodine in twelve normal individuals. He found a range 
of from 3.6 to 5.1 gamma per cent, with an average of 4.3. This investigation 
was made at Leeds, using the Leitch and Henderson method. 

Baldauf and Pincussen, 31 who studied the interrelationship between the 
bromine and iodine concentration of the blood, reported an average of 10.9 
gamma per cent for a series of blood iodine determinations made on normal 
individuals in Berlin. Scheringer, 32 also in Berlin, in a series of 9 individuals 
•studied between January and July, found from 6 to 15 gamma per cent, with 
an avera S e of 8 gamma per cent. The following year he reported 33 another 
feroup of 8 individuals with a range of 10 to 13. Twelve of Scheringer’s 17 
subjects were women and the intermenstrual values were taken as the normal 
for them. 


In 1930 Turner, 31 of Detroit, reported 9 cases on which he found a range 
ot rom 9 to 15, and an average of 11 gamma per cent. He used his own method 
or the determination of the blood iodine. 


r ‘ uhneider and Widmann, 33 of Freiburg, used von Fellenberg ’s method on 
•> patients, normal subjects and 10 nongoitrous patients. They found the 
]0 °! '° dino t0 ran '4 c from 8.2 to 17.5 gamma per cent, with an average of 
A ycar latfir "Widmann 33 used his own modification of the Sehwalbold 
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closed oxidation procedure for blood iodine on 6 nongoitrous patients. He 
found blood iodine values ranging from 27 to 42 gamma per cent, with an 
average of 32. This modification needs further investigation to rule out the 
possibility of other oxidizing substances than iodine containing radicles being 
carried over in the oxidation process, and later reacting with the added 
potassium iodide. 

Biilmann 37 found a range of S to 18 gamma per cent, in 10 individuals. The 
patient on whom Bfie and Elmer 38 studied the effect of intravenous thyroxin 
administration had a normal blood iodine of 12 gamma per cent. 

An extensive study of the blood iodine fractions in normal subjects was 
reported from Paris by Nitzescu and Binder. 30 Their investigations were 
made on a group of healthy male subjects ranging in age from twenty to 
thirty years. The lowest average blood iodine, 8.7 gamma per cent, was found 
in 47 cases studied in February. The highest averages were found in June, 
12.7 for 16 eases, and in July, 12.9 for 11 eases. The average inorganic frac- 
tion ranged from 2.2 gamma per cent in January to 5.1 gamma per cent in 
June, while the organic fraction was lowest in February at 6.1 and highest 
in July at 8.1 gamma per cent. There was thus a greater variation in the 
inorganic than in the organic fraction. The separation was carried out accord- 
ing to Limde’s procedure. Iu this determination the “organic” fraction con- 
tains all of the alcohol insoluble fraction plus the “organic” portion of the 
alcohol soluble fraction. 

While studying the relationship of the iodine concentration in the blood 
to that in the cerebrospinal fluid, Hahn and Scliurmeyer 40 found in 17 individ- 
uals a range of 7 to 14 gamma per cent, with an average of 10,6. 

Dodds, Lawson and Robertson, 41 working in London and using Lunde's 
method, found in 7 normal subjects under forty years of age, an average of 
10.2 gamma per cent with a range of from 7.8 to 17.6. The alcohol soluble 
fraction in the 7 varied from 4.9 to 11.9 gamma per cent, with an average 
of 7.7. The alcohol insoluble fraction in 16 cases vailed from 2.4 to 5.S gamma 
per cent, with an average of 4. 


OBSERVATIONS . 

The blood iodine determinations here reported were all made by Davis 74 " 
method. This is a development of the von Fellenberg procedure. The results 
obtained are best presented in tabular form (Tables I, II and III). 

In Table I is presented a series of 8 determinations made on 6 normal 
members of the Billings Hospital staff. The determinations on the women 
were all made during the intermenstrual period. These individuals were all 
taking the usual hospital diet, which contains no iodized salt. The range of 
the 8 determinations is between 8.9 and 13.8, and the average 12 gamma per 
cent. : 

In Table II is presented a series of 13 determinations made on 10 hospital 
patients. The diagnoses are given. None of these patients revealed evidence 
of thyroid disease. All were under careful observation, and on controlled 
diets which contained no iodized salt. The age range is wide, from thirteen 
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, Q = to 14 4, averaging 

to seventy-eight years. The blood ^ t , t t „e 

153 gamma per Mint In upou the level of the blood iodine, 

presence of cancer has no o 1 > 

Table I T , m 

. individuals OK M» Hoae.™ Did. 

Blood Iodise in Norm- - 


CASE 


age 


sex 


blood iodise 
gamma PER cent 


DATE 


Technician 

Chemist 

Xurse 

Xurse 

Xurse 

Student 


21 

25 


29 

30 


M 

f 

v 

F 

1 ' 

F 


11.8 

13.3 

13.8 

8.9 

13.8 

9.3 

12.3 

13.1 


9 / 9/30 
10 / 6/31 
1 / 8/32 
11 / 16/31 
11 / 5/31 
11 / 18/31 
1 / 20/31 
1 / 10/32 



36112 

22859 


21761 

27 

F 

1793S 

33 

F 

32510 

41 

VI 

22910 

52 

VI 

10972 

57 

F 

11561 

57 

VI 

11128 

68 

VI 

25863 

78 

VI 


Obesity 
B. spine 

Paronychia 

Clironie osteomyelitis 

Anal ulcer 
Fracture tibia 

VIelanosarcoma 
Carotid body Ca. 

Ca. of mouth 
Ca. of pharynx 


10.4 
13.9 

13.5 

8.5 
12.0 
14.1 

12.5 

13.5 
11.8 
11.2 
14.4 
14.4 

9.9 


4 / 6/31 
7 / 2/30 
8 / 5/30 
7 / 7/30 
8 / 4/30 
8 / 18/30 
1 / 8/31 
7 / 2/30 
8 / 5/30 
7 / 3/31 
7 / 7/31 
7 / 9/31 
8 / 1/30 


Table III 


Blood Iodine in 


CASE 

AGE 

SEX 

27006 

6 

VI 

28169 

16 

F 

30383 

23 

F 

21761 

27 

F 

28125 

29 

F 

28199 

30 

F 

•28300 

31 

VI 

21331 

31 

F 

27651 

11 

VI 

30313 

13 

VI 

31827 

-10 

F 

97633 

IS 

VI 


t-Patients Without Thyroid Disease 


DIAGNOSIS 


X ormal 
Infantile paralysis 
Retroverted uterus 
Paronychia 

T. B. cervical lymphadenitis 
T. B. cervical lymphadenitis 
Furuncle of arm 
"Neurasthenia” 

Chronic spondylitis 
Chronic osteomyelitis 

Cervical lymphoblastoma 
Tibial tulierculid 


blood iodine date 

amma pee cent 

12.7 

8 / 14/30 

16.2 

9 / 15/30 

12.7 

3 / 12/31 

11.2 

8 / 7/30 

8.5 

9 / 19/30 

9.2 

9 / 22/30 

10.6 

9 / 22/30 

9.3 

7 / 14/30 

9.5 

9 / 4/30 

12.7 

3 / 16/31 

11.8 

3 / 23/31 

12.7 

3 / 23/31 

11.4 

9 / 4/30 


In Table 111 is presented a series of 13 determinations made upon 12 
mnbulatorv patients visiting the out-patient clinic. All presented no evi ence 
«£ thyroid disease. None was using iodized salt. The range is from S.o to 
16.2 and the average is 11.4 gamma per cent. The range is thus somewhat 
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greater. This may be due to the fact that there was no dietary control and 
that eei’tain of the bloods were not drawn in the postabsorptive state. 

In all, 34 determinations made on 2S individuals without evidence of 
thyroid disease revealed a range of from 8.5 to 16.2 and an average of 11.9 
gannna per cent. It would thus appear that about 12 gamma per cent is the 
normal average blood iodine level in Chicago. 

The 18 determinations made upon women ranged from 8.5 to 16.2, 
averaging 11.6 gamma per cent. The 16 determinations made upon men ranged 
from 9.5 to 14.4, averaging 12.2 gamma per cent. The greater range of the 
female levels is presumably to be associated with the cyclic variations in the 
blood iodine due to menstruation. The male average level is slightly higher. 

DISCUSSION 

The results of available studies upon the normal blood iodine are pre- 
sented in Table IV. Omitting the very low results of Fow weather 30 and the 
very high results of Widmann, 3 * the average normal levels for the blood iodine 
vary from 6.0 to 13.1 gamma per cent. Since iodine loss is the most important 
single factor in making the determinations by the open oxidation methods, 
■we are inclined to regard those results at the upper range as more nearly 
the true condition. A study of the table would lead us to conclude that the 
blood iodine in normal individuals, or in patients with normal thyroid func- 
tion, is only influenced slightly, if at all, by geographic location. 

The seasonal variation of the blood iodine is of interest. It corresponds to 
that observed in the thyroid gland by Seidell and Fenger. 43 A tabulation of 
available data readily shows a confirmation of the results first announced by 
Veil and Sturm, 1 that the highest values are obtained in the summer months 
and the loivest in the winter. 

The fractionation of the blood iodine into an alcohol or acetone soluble, 
and an insoluble fraction is doubtless of significance. We have not yet 
attempted this procedure. It is apparent that the alcohol insoluble fraction 
is approximately the same when the determination is consistently made by 
the same method. It varies greatly, however, with the mode of extraction. 
The ■work of Lunde and his associates on the blood iodine in hyperthyroidism 
points to the significance of the alcohol insoluble fraction. Presumably it is 
the thyroid hormone. The “inorganic” iodine may come from the diet or from 
catabolism of the “organic” iodine compounds. 

SUMMARY 

Iodine is constantly present in the human blood. The average level is 
about 12 gamma per cent. Development of our knowledge regarding this tact 
followed the institution of adequate micromethods for the determination of 
the minute amounts normally present. The blood iodine varies seasonally, 
being higher during the summer and lower during the winter months. The 
blood iodine may be separated into “organic” and “inorganic” fractions. 
Determinations of the blood iodine open up a new approach to the study o 
thyroid function in health and in disease. 
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THE SEDIMENTATION RATE AND POLYMORPHONUCLEAR COUNT IN 
RHEUMATOID AND MINED ARTHRITIS* 


Their Value as an Index to Activity 


William B. Rawls, M.D., F.A.C.P., Benjamin J. Gruskin, M.D., Anthony A. 
Ressa, M.D., and Marie Jordon, B.S., New York, N. Y. 


T HE sedimentation rate and the polymorphonuclear count (hereafter referred 
to as the nuclear count) have been applied in the study of a number of 
different diseases, but it has been only during the past few years that they 
have been used iu tbe study of arthritis. A number of papers have been 
published on the value of the sedimentation rate in arthritis but comparative- 
ly few have appeared on the nuclear count. 

Various investigators 1 ’ -■ 4 have stated that the sedimentation rate is 

greatly increased in rheumatoid arthritis while in osteoarthritis the rate is 
usually normal or only slightly increased. It lias been used mostly as an aid 
in differentiating these two types of arthritis. It has been reported 3 that there 
is a close relationship between the sedimentation rate and the severity of the 
infection; that remissions are associated with a decreased rate and exacerba- 
tions with an increased rate. Some 5 ’ 6 have suggested that this test may he of 
assistance in following the progress of the patient’s illness. They have not, 
however, reported the frequency with which these changes occur. Kalilmeter 
suggested the use of the sedimentation rate as an index of activity, a knowl- 
edge of which he believes to be essential for the proper use of physiotherapy. 
Forestier 4 has shown that as the patient, improves, the sedimentation rate re- 
turns to normal. 

The value of the nuclear count is based on the observation that an active 
infection is accompanied by an increase in the number of young polymor- 

«From the Arthritis Clinic of the New York Polyclinic Medical School and Hospital. 
Received for publication, August 29, 1933. 
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phonuclear neutrophiles in the blood. An increase in the number of these 
cells is termed “shift to the left.” Only recently has this principle been used 
in the study of arthritis. Schilling 7 stated that in rheumatoid arthritis only 
slight changes are present in the hemogram, but other investigators using the 
Schilling hemogram have reported more conclusive findings. Cecil 5 reported 
a shift to the left in 52 per cent of 23 cases of rheumatoid arthritis and that 
Resnikoff found a shift to the left in 07 per cent of 28 cases. Eaton 4 in his 
study of 250 cases of chronic noutnberculous arthritis found a shift to the left 
in 90.4 per cent. Gerard and Boomer"’ reported two cases, and Pinev 11 one, 
of arthritis with a shift to the left. Recently. Steinbrocker and Hartung. 12 
using the filament nonfilameut count, a modification of the .Schilling kemo- 
gram advocated by Farley, St. Clair, and Reisinger, reported finding what is 
the equivalent of a shift to the left in 100 per cent of 50 cases of rheumatoid 
arthritis. 


The present study was undertaken to determine whether exacerbations 
and the periods of improvement in patients with rheumatoid and mixed 
arthritis are accompanied by definite changes in the sedimentation rate and 
the suelear count and the relationship between the two tests. We chose 
for our study a group of patients who attended the clinic regularly. At each 
visit a detailed record of both the subjective complaints and the objective 
findings was made. The presence of any intereurrent infections was also 
noted. Whenever there was a change in the condition of the patient, the sedi- 
mentation rate and nuclear count were determined. In a number of instances 
these determinations were made when there was no change in the patient’s 
condition. They were always made at approximately the same time of the 
a -; \\ estergren's 13 modification of Fahraeus’ technic was used for the 
sedimentation, and a rate of 12 mm. or less per hour was considered normal. 
* l making the nuclear counts, the technic of Cooke and Ponder 14 was ■used. 

v ey, St. Clair, and Reisinger. 15 in reviewing the work of Arneth, Schilling, 
an Cooke and Ponder, state that the classification of Arneth is too complicated 
or practical use, and that the method of Schilling lacks the clear-cut differ- 
entiation which can be obtained by following Cooke’s criterion. This criterion 
1Sas ^°ff°ws: “If there is any band of nuclear material except a fine filament 
^ lu 'vkar material connecting the different parts of a nucleus, that nucleus 
J. tie Purpose of the count cannot be said to be divided.” With this as a 
corV T^yumrphonuclear neutrophils were divided into five groups ae- 
^oruug t° tfie number of segments. In determining the presence or absence 
a s to ff' e left, Cooke and Ponder considered as an average noi-mal 
mint, 12 Type I, 25 Type II. 44 Type in. 15 Type IV. and 4 Type V cells per 
Polymorphonuclear neutrophils. 

j, t!le earl >' P iU 't of this work we failed to realize the importance of 
"•liicl l U ?' WU mfc( ; tl0ns - lnit as t5ie work proceeded we excluded all those tests 



u,. «vre none in me former and •’SA in + 1 ia 

tr " ronp - 11,0 Patents with rheumatoid arthritis 89 per cent had a 
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sedimentation rate above normal. The average rate was 36 mm. per liour. 
In 53 per cent of the tests the values were above 30 mm. per hour. Of the 
234 determinations in mixed arthritis, 64 per cent were above normal. The 
average rate in this group was IS mm. per hour with only 15 per cent of 
the cases showing values above 30. 

Of 25S nuclear counts made on 50 patients with rheumatoid arthritis, 68 
per cent showed a shift to the left. In 23 per cent the counts were within 
normal limits and in 9 per cent there was a slight shift to the right. In the 
cases of mixed arthritis, 244 counts were made, of which 57 per cent showed a 
shift to the left, 36 per cent presented normal counts and 7 per cent showed 
a shift to the right. 

In 210 instances in the rheumatoid group the sedimentation rate and the 
nuclear count were compared. In 77 per cent a shift to the left was associated 
with a high sedimentation rate. In 10 per cent there was a normal sedimenta- 
tion rate and either a shift to the right or a normal count. In 6.5 per cent 
there was a normal count or a shift to the right accompanied by a high 
sedimentation rate, and in 6.5 per cent there was a shift to the left with 
a normal sedimentation rate. In the series of mixed arthritis, 190 comparisons 
were made. Of these, 58 per cent presented both a shift to the left and a high 
sedimentation rate, while 14 per cent showed a normal sedimentation rate and 
either a normal count or a shift to the right. In 23 per cent of the cases in 
this group, a shift to the left, was accompanied by a normal sedimentation rate, 
and in 6 per cent there was a high sedimentation rate contrasted with either 
a normal count or a shift to the right (Table I). 


Table I 

COKRELATIOX OF THE SEDIMENTATION RATE .VXD THE NUCLEAR C’OL'XT 



RHEUMATOID 

PER CENT 

MIXED 

PER CENT 


High sedimentation rate 

Shift to the left 

77.0 

5S 


Normal sedimentation rate 
Normal nuclear count 

10.0 

14 


High sedimentation rate 

Normal nuclear count 

G.o 

6 


Normal sedimentation rate 

Shift to the left 

6.5 

22 



In 274 instances the sedimentation rate, the nuclear count and the clinical 
condition of the patients were simultaneously recorded in order to study the 
value of these tests as an index to activity. In this group no differentiation 
was made between the rheumatoid and mixed cases. Of the total number, 119 
were made when there was improvement in the clinical symptoms, 56 when 
they were worse, and 99 when they were unchanged. Of the 119 made during 
clinical improvement, 74 per cent showed a definite reduction in both the 
sedimentation rate and the degree of the shift to the left 6 per cent showed 
a slight increase in the sedimentation rate and a further shift to the left; 9 
per cent showed no change in either the sedimentation rate or the nuclear 
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DISCUSSION 

Although several articles have been published on both the sedimentation 
rate and the nuclear count in arthritis, there have been no reports of a correla- 
tion of the two tests and their value as indicators of activity. They have been 
used mainly as an aid in the differential diagnosis between rheumatoid and 
osteoarthritis. Our study indicates that these tests are of considerable value 
as an index of the activity of the arthritic process in patients with rheumatoid 
and mixed arthritis and as such are efficient aids in judging the progress of the 
patient. When the clinical condition is improved, there is usually a decrease 
in the sedimentation rate and a lessened shift to the left. Conversely, an in- 
crease in the severity of the arthritic process is associated with a rise in the 
sedimentation rate and a further shift to the left. The degree of change in 
these tests is fairly proportionate to the degree of change in the clinical condi- 
tion. On numerous occasions we noted that intereurrent infections, such as 
colds and sore throats, adversely affected the sedimentation rate and nuclear 
count, and they, therefore, must be excluded before attributing changes in 
the tests to changes in the course of the disease. In the absence of any infec- 
tion, however, the sedimentation rate and nuclear count tend to return to nor- 
mal when the clinical symptoms have subsided. We have also observed that a 
hidden focus of iufectiou will frequently give a persistent, high sedimentation 
rate and a shift to the left. 


CONCLUSIONS 

1. In the majority of cases of rheumatoid and mixed arthritis the sedi- 
mentation rate and the nuclear count serve as an index of activity, and they 
may, therefore, be used as a means of determining the progress of these diseases. 

2. The degree of change in the clinical symptoms is reflected in parallel 
changes in the sedimentation rate and nuclear count. 

3. Intereurrent and focal infections adversely affect the sedimentation 
rate and nuclear count, and their presence must be excluded before changes in 
these tests may be attributed to variations in the activity of the arthritic process. 

4. The variations in the sedimentation rate and the nuclear count do not 
correspond 100 per cent to the variations iii the arthritic state, and therefore, 
neither alone is finally diagnostic ; and knowledge of both the sedimentation 
rate and the nuclear count together should increase the accuracy of the in- 
terpretations. 
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~ -n Vt adimir a. Shternov, Ph.D., 
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introduction 

IN WO rec„ t papers- tee deaeftbed ,Ue l^yZ 

‘ phenol derivatives with baetencida p , . “While aH the 

published work which preceded our ^vestiga towar a a number of 

derivatives studied by us were tound o ” ■ tant pathogenic bacteria and 
microorganisms among which were seveia \ ity to ° remarkably high 

fuugi, some of them were shown to P ° S ^\ etween the chemical structure and 
degree. In following up the relationsh p bserv ed a number of regu- 

the bactericidal action of these compoun 

Unties, viz.-. _ microbicidal potency of phenol 

1. Halogen substitution intensifies hydroxyl group 

derivatives, the presence of halogen in the 

fieing more effective in this respect than in ie |«>r leus of halogen 

2. Introduction of aliphatic or limits) , this increase 

Phenols increases the hacterundal poten j ( P t ^ of earbo n atoms 

depending, in the case of alkyl substitution, p 

Present in the substituting group or groups. „e „ 

3 \s a rule the intensifving effect upon the bactericidal potency of a 
norumUlipliatic chain with a given number of carbon atoms is greater than 

•From the Flout Research Laboratory. Lehn & Fink. Inc. 
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that of a branched chain, or of two or more alkyl groups with the same total 
number of carbon atoms. 


4. Orthoalkyl derivatives of parachlorophenol are more actively germi- 
cidal than paraalkyl derivatives of orthoelilorophenol. 


5. In the ease of the higher homologues the germicidal action manifests 
a “quasi-specific” chax*acter in that beginning with a definite point (which is 
different in the case of the various test organisms), with the further increase 
of the weight of the substituting groups, the germicidal capacity drops to 
almost total inactivity with respect to certain microorganisms (Eberlhella 
ti/phi, Eberthella paradysenteriae), while rising to comparatively enormous 
values with respect to others (Staphylococcus aureus , streptococcus, Mycobac- 
terium smegmatis). 

It is the object of further work to extend the scope of our inquiry into 
the bacteriologic and pharmacologic phases of this problem, with the ultimate 
view of ascertaining the possible utility of these compounds for therapeutic 
purposes. The present paper furnishes the data obtained thus far with com- 
pounds derived from parachlorophenol; these compounds may be represented 
by the general formula 


OH 
/\ R 
I | K 
\/ 
Cl 


where JR, is au aliphatic or aromatic substituent. 

The following microorganisms were used in this investigation : Eberthella 
typhi, Escherichia coli, Eberthella paradysenteriae (Flexner), Salmonella 
schottmiilleri (B. paratyphosus B), Staphylococcus pyogenes aureus, strepto- 
coccus (hemolytic strain). Micrococcus catarrhalis, Mycobacterium smegmatis, 
Mycobacterium tuberculosis (liom.), Mycobacterium tuberculosis (avium), My- 
cobacterium leprae (mur.), Mycobacterium leprae (horn.), Trichophyton rosa- 
ceum, Monilia albicans, and Achorion schonleinii. 


MONOALKYL DERIVATIVES 

Tables I to IV illustrate the microbicidal action of the series of mouo- 
alkyl derivatives of parachlorophenol in relation to their chemical constitu- 
tion, and more particidarly to the increase in length (or weight) of the sub- 
stituting side chain. Wherever possible, the minimum germicidal concentra- 
tions have been determined and the “phenol coefficients'’ calculated. Table I 
gives the results obtained with four gram-negative organisms of the typhoid 
colon group, in Table II the test organisms are (gram-positive and gram- 
negative) cocci, in Table III they are bacteria of the acid-fast group, while 
Table IV refers to three pathogenic fungi.* 

When considered individually, certain among the several compounds re- 
veal a bactericidal effect of considerable intensity. However, in addition 
there is also unmistakable evidence of a parallelism in both a qualitative and 

♦The figures given in parentheses are ol* relative significance only, as alcohol in ex JJ;;* s 
of 10 per cent but below 20 per cent had to be used in order to produce the desired concemi- 
tions (owing to the very limited solubility of the respective compounds). 
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quantitative respect in the reaction toward the homologues of tin’s series, of 
the microorganisms in Table I on one hand, and of those in the remaining 
three tables on the other. 

Thus, in Table I the bactericidal efficacy rises with the increasing weight 
of the substituting side chain reaching a maximum with the n-butyl derivative 
in the case of Salmonella schottmiiUeri, and with the n-ainyl derivative in the 
cases of Eberthella typhi ' and Escherichia coli, while the n-hexvl derivative is 
the most effective against Eberthella paradyscnteriae. After reaching the maxi- 
mum, one observes a rather abrupt drop of the bactericidal potency with the 
further increase of the weight of the substituents. 

In agreement with observations made with other classes of phenol deriva- 
tives, here, too, 2 ’ 3 - J substitution by branched or cycloalkyl groups leads to 
compounds of lower bactericidal potency than that of the normal alkyl deriva- 
tives with the same number of carbon atoms in the substituting group. 

An entirely different picture is furnished by Table II. Here, too, the 
coceidal potency increases with the increasing weight of the substituting radi- 
cal, but its range extends beyond the turning points of the preceding table. 

Table IX 

The Germicidal Action or Ortiioalkvl Derivatives or Paraciiloropiiexol Upon 

Pathogenic Cocci. 

Minimum Concentrations Eppectwe in 10 Min. (I) and Phenol Coepficients (II) 



STAPHYLOCOCCUS 

STREPTOCOCCUS 

MICROCOCCUS 


AUREUS 

(IIEMOL. STRAIN) 

CATARKHALIS 


I 

II 

I 

II 

I 

11 

p-Chloroplieuol 

1: 300 

4.3 

1: 400 

4.4 

1: 000 

4.0 

Alkyl Radical 







Metlivl 

1: 1,000 

12.5 

■nln 

11.1 

1: 1,600 


Etlivl 

1 : 2,750 

34.4 


31.3 

1: 4,000 

26.7 

n-Propyl 

1 : 7,500 

93.S 


77 . S 

1:12,000 


n-Butyl 

1: IS, 000 


MWMfiBiB 

250.0 

1 :25,000 

167.0 

11 -Amyl 

1: 40,000 

■ 

1: 50,000 

556.0 

1:40,000 


Sec. Amyl 

1: 25,000 



312.0 

1:20,000 

142.0 

11 -Hexyl 

1:100,000 


1:120,000 

1,333.0 

1:00,000 


Cyclohexyl 

1: 35,000 


1: 52,500 

3(51.0 

1:40,000 


11 -Heptyl 

1:120,000 



o 222 .O 

1 :SO,000 

533.0 

n-Oetyl 

1:140,000 

Wfi itflM 


>312.0 

<1:25,000 

>167.0 

Phenol (control) 

1 :70-S0 


1 :S0-90 

1.0 

1:140-100 

1.0 


While the cocci show greater resistance to the unsubstituted parachloropheuol 
and its lower homologues than the typhoid colon organisms (as evidenced by 
the higher concentrations required to kill the former), the conditions are 
reversed with the further increase of the molecular weight; now the coceidal 
efficiency increases until in the case of the n-heptyl derivative, the three cocci 
are killed in extremely low concentrations which, like the corresponding 
phenol coefficients, belong to an order of magnitude much higher than that of 
the preceding table. While the n-octyl p-chlorophenol is more effective against 
Staph, aureus than the n-lieptyl derivative, its potency is less than that of the 
latter with respect to the other two cocci of Table II. It is to be noted espe- 
cially that the greatest coceidal potency is shown by those derivatives which 
exert little or no effect upon the four organisms of the colon typhoid group 
previously referred to (Table I). 
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The susceptibility of the acid-fast bacteria (Table III) to the action of 
the monoalkyl homologues of parachlorophenol resembles that of the cocci in 
Table II both in a qualitative and a quantitative sense. The extraordinarily 
great bactericidal efficacy of the higher homologues against the organisms of 
the acid-fast group is particularly noteworthy in view of their reputed re- 
sistance to the action of phenolic disinfectants. 

The “ quasi-specific ” feature of the germicidal action of the higher ho- 
mologous orthoalkyl paraeldorophenols has a parallel in the differentiation of 


vj ij <j (2 if d 



ZO 40 OO <30 IDO 


Molecular Wv^ht of the Gro^p 

Chart 1. — The germicidal action of orthoalkyl derivatives of parachlorophenol. Test or- 
ganisms: I. Uberthella typlii; II. Staphylococcus aureus; III. Mycobacterium tuberculosis 
(hom.) ; IV, Monilia albicans. 

bacteria by means of the Gram stain and also in the action of certain basic 
dyes upon bacteria . 5 ' 0 More particularly, it appears that a gram-positive 
character and a susceptibility to the homologues with a higher molecular 
weight, run parallel in most but not in all cases. Thus Micrococcus catar- 
rhalis forms an exception, in that in spite of its negative Gram reaction, it 
behaves much like the gram-positive organisms in this respect. However, it 
shows a similar behavior toward certain dyes. By way of advance informa- 
tion, it may be stated that Vibrio cholerae reacts essentially in the same mannei 
to the higher homologues of this and other series of phenol derivatives, in spite 
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. are several examples of 
o£ its gram-negative character. J’ hu ^ '' Jl!* those 0 f a positive Gram char- 
gram-negative microorganisms behaut g ' “quasi-specific” action 

aeter in regard to their selective we do not know, to date, 

of the higher homologucs of pheuo it c , • ulU ler these conditions 

of any case of a gram-positive microorganism 

like the gram-negative bacteria of the tvp iou ^ . , cter 0 f the pathogenic 

In spite of the entirely different a „ ain by the regularity in 
fungi dealt with in Table IV, one ^ ‘ ‘ x const itution and fungicidal ac- 

the functional reaction betw een the . . | quantitative reseni- 

tion, and by the somewhat astonishing qua 1 ^ the cocc i i n Table II 

blance of this relation with that observe m * dewd by itse ]f, Table IV 

and of the acid-fast bacteria in Table ’ ’ fun „ 5c uies in this series 

reveals the presence of several extreme > 
of compounds. 

Table IV 

TAfriv VTIVES OF PARACHLOROPHENOL. 

T,a rrxoiciDAL Action^ of Owhoalk^ ^ ^ ^ Piies0 l Coefficients (II) 

Minimum Concentrations Effective in 10 - - • v 1 ~ 

— — monilia 


achoriox 

SCHONLEIXII 


yCliloroplu-not 


300 


Alkyl Group 
Methyl 
Ethyl 
n-Propyl 
n-Butyl 
0-Amyl 
Sec. Amyl 
n- Hexyl 
Cyclohexyl 

n-Hcptvl 

__]'henol (control) 


1 ; 500 

1: 2,250 
1-. 5,000 
1:14,000 
1:25,000 
1:16,000 
1:25 000 
1:20,000 
1:14,000 
1:70-90 



trichophyton 
rosaceum 


500 

1: 1,400 
1: 2,750 
1:10,000 
1 : 16,000 
1:40,000 
1 -.30,000 
1:50,000 
1 -.50,000 
1:60,000 



MON ILIA 
ALBICANS 


400 

1: 1,000 
1: 3,250 
1 : 10.000 
1:16,000 
1:35,000 
1 : 20,000 
1 :50,000 
1:30,000 
<1:40,000 
1 -.90-110 


II 


4.0 


11.1 

32.5 

100.0 

178.0 

389.0 

182.0 

556.0 

300.0 
|>363.0 


1.0 


Another illustration of the existence of a selective, quasi-specific e ’ ' 
is offered by the graphic presentation in Chart 1 in which a set of data ob 
htined with one representative organism selected fiom eaci o e a 
^ IV has been used, viz., Eberthdla typhi, Staph, aureus, Mycobact tuherculo- 
*'* (ham.), and Monilia albicans. This chart also illuminates the difference m 
«« order of magnitude of the bactericidal potencies with respect to the sev- 
<Tal groups of microorganisms under discussion. 


I’OI.YAIjKYL derivatives 

As Table V indicates, this group of compounds (listed in the order of 
increasing molecular weight) also comprises some highly effective microbi- 
cides. The relation between the chemical constitution and germicidal action, 
"'Idle being distinctly in evidence, is not of a sufficiently direct character to 
permit graphic prcsBitution. Here, too. as in the monoallcvi series, the w eight 
"i the substituting groups determines the selective, “quasi-specific” action. 
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SL “'"' ;:S ' " A, °“ ES . f distribution of the 

As to the cttcet upon the „«rn.iei.l«l jtu>n. » ^ of th 

added weight over several substitu »n„ ‘ a total () f four substituting 

substituted paraclilorophenol dema t\e . t j on [t shows that substitu- 
tion atoms will furnish the necessary 1 us < ^ leads to a more eft’ee- 

tiou of pavaehlovopheuol by one alkyl grout „ ^ ^ ^ with tUe same 

live compound than substitution b\ tw o 1 ot substituted derivatives are 

total number of carbon atoms; similai >. < a ‘ £ ones, 

considerably more germicidal than tna s« ‘ * bstituted compounds are less 

It is found in this group, too, that lsod,v - ’ ■ tives . This follows from 

effective than the corresponding lioimal a v\ c (j-isopropyl-3-methyl- 

the comparison of 6-n-propyl-3-methyl-4-ehlorop i ‘ distinctly more 

M,l„ptaol (chlorothymoO ; thus the n-prupU 

potent than ehlorothymol. containing isoalkyl 

Polvalkyl compounds of equal mo ec „^. m ieidal action, depend- 

groups may show considerable variation 

ing upon their structure. derivatives the maximum 

■Whereas in the case of the normal monoa h ^ ^ ve carbon atoms 

effect upon Eberthella typhi was shown b} a ■/ Natives this maximum is 
i. the side chain, in the case of f atonts. As to 

reached bv a compound with a total of f° ■ • total of seven 

the other" test organisms in Table V tbe denv.t.™ «>•!, « 
carbon atoms generally show the greatest microbicidal effica . . 

aromatic derivatives 

'i'Ue aromatic derivatives of paraclilorophenol ^ 
date comprise the benzyl, and pkenylet y t Qf the gre ater weight 

and its methyl homologues listed in Table . pect ed to produce com- 

of the aromatic radicals, such migMbe expected ^ 

pounds which m their antibacterial beha kspecific » action upon gram- 

homologues, i.e., manifest a selective or L • an P analo „ ous be havior in this 
positive and those other organisms which. particularly the molecular 

regard. In keeping with the general id , P cifie „ germicidal effect 

weight determines the point at which the 1 • P ( „ show 

becomes apparent, it is found that actuaP ^.^“ P ° b l y tbe numerical values 
a selective action m the above sense, as eMU 

of their germicidal potency. . . , , 

There are among the aromatic derivatives some highly potent ^rnncid 
As to the effect of the chemical constitution upon germicidal action it is note- 
worthy that the step from the benzyl derivative to the next one with a i higher 
molecular weight is accompanied by different resu ts cepenc mg u 
Place in the molecular structure to which the additional weight is attached. 
Thus, 5-mcthyl-2-benzyl-4-chlorophenol is much less effective than _-benzyl- 
4-chlorophenol against the four test organisms of the typhoid-colon group, while 
3-plu‘uvk'thvl-4-clilorophenol is very much more effective than the tormer. V, ith 
reference to the other organisms, the difference in the germicidal potencies of 
the nn*thyl-benzyl and tbe pheiiylethvl derivatives is less pronounced. 
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A further increase in tiie molecular weight lowers the germicidal action 
with reference to the bacteria of the typhoid-colon group as shown by the 
figures obtained with 8, 5-dimethyl-2-benzyl-4-chlorophenol. However, the ger- 
micidal potency is increased considerably with regard to the other four organ- 
isms. Curiously, 3-metliyl-6-phenylcthyl-4-chloroj>henol, which is isomeric 
with 3, 5-dimethyl-2-benzyl-4-chlorophenol, is not only less effective than the 
latter, but also, in most instances, weaker than the 2-phenyl-ethyl derivative. 


UACTEKIOSTATtC ACTION' 


In addition to being potent germicides, certain substituted ehlorophenol 
derivatives manifest considerable inhibitory capacity as well. An investiga- 
tion of the bacteriostatic effect upon Staphylococcus aureus and upon three 
mycobacteria, viz., smegmatis, tuberculosis (horn.), and leprae (hom.) was 
carried out with 2-n-ainyl-4-chlorophenol and 2-n-heptyl-4-chlorophenol. This 
experiment was conducted in such a manner as to permit the determination not 


0n }y °f the minimum concentrations required to prevent the growth of the 
microorganisms, but also that of the status of their viability during the 


course of their exposure to the inhibitory concentrations. This was accom- 
plished by making transfers from the “inhibitory” media into fresh media 
a fter different periods of time. 

fbe results obtained with the two compounds and the four organisms 
mentioned above are given in Table VII. It is to be noted among other tilings 
Ibat whereas in the ease of the 2-n-amyl-4-chloroplienol the minimum germi- 
nal concentration is practically four times the minimum inhibitory one, in 
e case °f 2-n-heptyl4-chlorophenoI it is only twice the latter ( in the two cases 
wieie such comparison can be made). 


I be effect of P H of the medium upon the inhibition by 2-n-amyl-4-chloro- 
Pmnol and 2-cyclohexyl-4-ehlorophenol of the growth of Staph, aureus and of 
ll <: abaci, tuberculosis (hom.) is illustrated in Table VIII. It is found that 
lariations of P H in both directions (i.e., to the acid and the alkaline sides) have 
e effect upon the bacteriostatic capacity of these compounds, a result of 
( mtinct practical significance. 


TOXICITY 


b a . t t K natUral that tile discovery of compounds showing such intensive anti- 
s, a ;,:^r pert ?’ ■ sijou!d -suggest the extension of this study beyond the 
bilit v “! Vltr °” experiments > ancl encourage the inquiry into their availa- 
. 0r ^'cmotherapeutie purposes. Some phases of this work are bein" 
lei this time, others are under way. 

l'Urn? ne . I . lnportant condition of the potential usefulness of a drug for such 
Ibuiuurv ^ U l0U " ° r " an . otropic a " ahlst a high parasitotropic action. A pre- 
mries ’f ° f eXperiInents aimin 5? at the determination of toxicity of the 
“lice’Wi, . 1 1 )arUch ! 0r0pheno1 derivatives (upon subcutaneous injection in 
— — ' °" h that tlm toxicity decreases with increasing molecular weight 




.. a 0-5 Per cent 
the weight of the 
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(Table IX) ; in other words increasing antibacterial potency (with rct’eicnee 
to most of the test organisms) is accompanied by decreasing toxicity. I bus 
in the ease of several of the higher homologues. the enormous dose of 20 mg. 
per gm. of body weight (corresponding to about 1.5 kir. tor an adult human 
being of 150 pounds) is tolerated. Even though it is inadmissible to draw 
direct conclusions as to tiie probable pharmacologic effect upon one species 
from the observed effect upon another, the preliminary toxicity experiments, 
too, indicate that the extension of this inquiry into t lie therapeutic field is 
not without some promise of success. 


EXl’EIJI. MENTAL I'AKT 


Determination of Bactericidal Action. — All tests were carried out at •>< J ( . 
hi all cases 0.5 c.c. of culture was added to 5 e.e. of the various dilutions of 
the antiseptic substances. 

As to the test organisms of the typhoid colon group, cultures of Eberthella 
typhi were procured from the Bacteriological Laboratory of the Food and Drug 
Administration of the U. S. Department of Agriculture, those of Eberthella 
Paradysenteriae, Salmonella schottmiilleri, and Escherichia noli from the Ameri- 
ean Type Culture Collection. The method of culturing and preparing these 
organisms for the tests followed closely that described by Ruehle and Brewer 
>n the case of Eberthella typhi, and the testing technic used was the same as 
gnen m detail by these authors, i.e., transfers from the medication tubes into 
hesli media were made after exposures of five. ten. and fifteen minutes, re- 
spectively. and the readings were taken after forty-eight hours’ incubation, 
oi the sake of space economy the results of the five- and fifteen-minute ex- 
posures are left out in Table I (and incidentally also in Tables II to YI), and 
mse of the ten-minute exposures only are given. The “phenol coefficients” 
( j tle ca ‘ e ulated in all cases from the results of the ten-minute exposures to 
compounds under discussion on one hand, and to phenol (carbolic acid) 
011 dle °bher. A phenol control test always accompanied the tests with these 
compounds, carried out on any given day. 

(/ to the three species of pathogenic cocci, the stock culture of Staphylo- 
47 u 11 reus was obtained from the Bacteriological Laboratory of the Food and 
hoi' 0 AchHmbdnUion. those of streptococcus and of Micrococcus catarrhalis 
in H U: hcderle Laboratories. Staphylococcus aureus was grown and applied 
tio iC according to the directions given in Ruckle's and Brewer’s publiea- 
Virr Pmiously ve ferred to. The same methods were applied in the case of 
uococcus catarrhalis yielding results of very satisfactory regularity. 

Juic/ he 1>m ° lytle strain of streptococcus used was one of considerable reslst- 
dte \' ll)!> ‘ oaL ‘hhig that of Staphylococcus aureus , as evidenced by the results of 
Voi..!? 1 ? C ° nUo1 t . CStS ‘ -According to information received from Mr. E. F. 


° f the Lederk * Laboratories, whose assistance is grate- 
■ ‘‘CKnowledged lien * ‘ 

of 


rewit h. this strain was isolated originally from 


scarlet i , ”“s u,il «.v rrom a case 

at Mum Ilopk-nm'ur- a scarlet fever ^ h .v Dr. A. R. Dochez 

■ ' '* - - grown on 


beef 


mversity. The stock culture for the test was 


mtusion peptone broth adjusted to P„ 7.2-7 A and 


was used when twentv- 
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four hours old. After exposure to the various dilutions of the antiseptics, 
transfers were made into beef extract peptone broth containing 0.5 per cent 
of glucose and adjusted to P H 7.2-7 .4. 

In the group of the acid-fast bacteria the strains of human and avian tuber- 
culosis and those of human and rat leprosy were procured (with several 
others, not yet utilized in this investigation) from the U. S. Marine Hospital 
in C'afville, Louisiana, through the courtesy of Dr. 0. E. Denney to whom the 
authors wish to express their gratitude at this opportunity. The four original 
culture tubes received, were described as follows: 

It. tuberculosis bo in in is Koch 
M. tuberculosis avium Arlong (Phipps) 

.If. leprae human Clegg 1, Duval No. 105 
.1/. leprae murium, Nat. Inst. Health 

These four cultures were chosen because of the rapid growth which could 
be detected easily twenty-four hours after seeding. The medium for both 
stock cultures and subcultures was beef extract peptone broth containing 5 
per cent of glycerin and adjusted to P„- 7.4. The stock cultures were grown 
for from five to seven days in strong bottles containing glass beads. Shortly 
before the test the bottles were stoppered with sterile rubber stoppers and 
shaken until a homogeneous suspension was obtained. This suspension was 
then poured through a sterile 200 mesh monel metal sieve in order to elimi- 
nate the larger particles. Final readings were made after incubation for 
seven daj's. 

The original strain of Mycobacterium smegmatis was obtained from the 
American Type Culture Collection. It was grown and applied in the same 
manner as Staphylococcus aureus except that the stock emulsion for the test 
was forty-eight hours old and that final readings of the subcultures were made 
after one week’s incubation. 

As to the group of pathogenic fungi, the cultures of Achorion schonleinii 
and of Mouilia albicans were procured from the American Type Culture Col- 
lection. The authors are very grateful to Dr. E. D. Osborne of Buffalo, N. Y., 
for two cultures of trichophyton, one of which was used in this work. 

Achorion schonleinii and Trichophyton rosaceum were treated in the same 
manner. Both were grown on Sabouraud’s agar which was also used for sub- 
cultures. The stock suspension for the test was prepared in the following 
manner.- The growth of from ten to fifteen days was removed from the slant, 
by means of a hooked platinum wire and placed in a sterile bottle with a 
layer of glass beads at the bottom. Four cubic centimeters of sterile normal 
saline was added, the bottle stoppered with a sterile rubber stopper and 
shaken vigorously, until the mass was broken up completely. Then another 
6 c.c. of saline was added and the bottle shaken again. The suspension thus 
obtained was poured into a glass tube and the latter centrifuged for one 
minute at the lowest speed, in order to allow the large unbroken particles to 
settle to the bottom. The supernatant suspension was removed with a sterile 
pipette and diluted with double the amount of saline. As a rule the yield 
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from each culture tube »u S about 15 c.e. of suspension ready for uu^ The 
subcultures were held at 28° C. for ten days before the final tead - 

"Ifoufif,, dim. teas also grown and subculture* ““ “^Tto d« davdd 
suspension in normal saline was obtained by washing oft a three- » » 

growth from the surface of the slant. Each tube gave 10 « o »e suspenston 
for the test. Readings tvere made after incubation at - . > 

determination- of bacteriostatic action 

Regular bacteriostatic tests were carried out in the customary fashion by 
inoculation of media containing different concentrations of the antiseptic sub- 
stances, and observation of the incubated tubes. 

Where it was desired to determine the status of viability of the micro- 
organisms in the presence of bacteriostatic concentrations, m ie ation 0 
time of exposure, the following procedure was used : To 9 e.c. of broth (o 
the same composition as used in the bactericidal tests) 1 c.e. o tie an isep ie 
solution was added, containing ten times the concentration which appears in 
Tables VIII and IX. A spiral loop (of five turns of 2.18 mm. inside diameter 
wire gage 23B and S.. and holding approximately 0.02 c.e.) was used to plant 
the culture in this mixture previously warmed to 37 C . The tubes were ep 


Table VIII 


The Effect of P„ Upon the Bacteriostatic Potency. Misimc 

Cfl S CKXTK ATION S IN FORTY- EIGHT HOURS AT 3< 


m Bacteriostatic 
C. 


. 

STAPHYLOCOCCUS AUREUS 

MYCOBACTERIUM TUBERCU- 
LOSIS (HUMAN) 

p„ 6.0 j 

Ph 6.8 I 

p« 7.6 

P„ 6.6 

i Ph 7.4 I 

i Ph 8.2 

2-n-Amyl-4-chlorophenol 

2-Cyclohexyl-4-ehlorophenol 

1 -.200,000 
1:70,000 

1 -.200, OOo! 
1:70,000 

1:150,000 

1:100,000 

1:150,000 

1:150,000 

1:150,0001 

11:150,000 

1: 150, 000 
[1:150,000 


Table IX 

Toxicity of Orthoalkyl Dep.ivatives of Pasachlorophenol. Subcutaneous 

Injection in Mice 


Minimum Lethal Doses in Milligrams Per Gram op Body Weight 


DERIVATIVES OF 4-CHLOEOPHENOL 

M. 7 . I>. MG. PER GRAM 

p-Chloroplienol 

0.6 

Methvl 

2.0 

Ethvi 

4.0 

n-Propyl 

, 6.0 

n-Butvl 

15.0 

n-Ainvl 

! >20.0 

see. Amvl 

15.0 

ii-llexyl 

1 >20.0 

Cyclohexyl 

i >20.0 

n-IIeptvl 

1 >20.0 


m the incubator for the stated periods of time and transfers were made into 
fresh media after fifteen minutes, one. two. four, six, twenty-four, forty-eight, 
and seventy-two hours with a loop of the same size. Pinal readings of the 
■subcultures were made after incubation for forty-eight hours in the case of 
Staphylococcus aureus, and after one week in that of the acid-fast bacteria. 
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It is of possible practical interest that according to the outcome of sev- 
eral tests, both stock solutions and emulsions of the compounds under dis- 
cussion, and also the final dilutions in the medication tubes may be sterilized 
in the autoclave without suffering any impairment of their bactericidal potency. 

SUMMARY 

The bactericidal and fungicidal action of the homologous series of para- 
chlorophenol derivatives has been investigated with the aid of the following 
microorganisms: Ebcrtliclla typhi , Escherichia coli, Eberthctta paradysenteriae 
(Flexner), Salmonella schottmiillcri, Staphylococcus aureus, streptococcus 
(hemol. strain), Micrococcus catarrhalis , Mycobacterium tuberculosis (horn.) 
and (avium), Mycobacterium leprae (horn.) and (mur.), M. smeymatis, Monilia 
albicans. Trichophyton rosace it in and Achorion schbnleinii. 

In confirmation of previous preliminary findings (stated in the initial 
paragraphs of this paper), the presence in this series of some derivatives of 
an extraordinarily high bactericidal and fungicidal potency has been estab- 
lished. The relationship between the chemical constitution and antibacterial 
action has been discussed in some detail. A “quasi-specific” effect of certain 
higher alkyl homologues upon the test organisms, exclusive of the .bacteria 
of the typhoid-colon group, appears to divide the microorganisms in two 
groups, the division agreeing partly, but not entirely with that obtained by 
means of the Gram stain, and evidently also with that based upon their sus- 
ceptibility to the inhibitory action of certain basic dyes. Nevertheless, the 
class of compounds under consideration comprises some bactericides, highly 
effective against the organisms of the typhoid colon group as well. 

In addition to the mouoalkyl derivatives, several polyalkyl and aromatic 
compounds were studied and the regularities in their antibacterial behavior 
were pointed out. 

The bacteriostatic potency of some of the derivatives was also investi- 
gated and found to exist to a remarkable degree not only with respect to 
staphylococcus, but also with respect to several acid-fast strains. The com- 
parative independence of the bacteriostatic capacity from the Ph within rather 
wide limits was emphasized as being of possible practical significance. 

This great antibacterial efficacy of certain derivatives of the homologous 
paraeliloropheuol series was found to be accompanied by very low toxicity 
to mice. Specifically, the increase in weight of the substituting alkyl radical 
which causes, within certain limits, an increase in the germicidal potency, pro- 
duces also a sharp decline in the toxicity to animals. This combination of high 
antibacterial capacity and low toxicity to animals, as encountered in several 
instances, suggests the extension of the present inquiry into the field of 
chemotherapy. 

Our thanks are due to Mr. A. Grawehr of our laboratory staff, for valuable assistance 
rendered in the bacteriologic phase of this work. 
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normal erythrocyte, hemoglobin and packed cell toll. me 

STANDARDS IN YOUNG MEN* 


A Study of 100 Subjects 


Orville S. Walters. A.M., Lawrence. Kan. 


"THE unsatisfactory character of the data on which the long-accepted normal 
erythrocyte and hemoglobin values are based has been pointed out frequently 
in recent years. The increasing use of the blood indices or of the average volume 
and hemoglobin content of the individual erythrocyte in differentiating anemias 
has emphasized the need of dependable normal values. In an effort to provide 
adequate data for reliable standards, a number of extensive studies have been 
made on young men. Iladeir’- *" in 1 022 published a study which included 
observations on *20 men between the ages of eighteen and thirty. This series was 
later increased to 05. 11 Osgood- 1 in 1926 followed with data on the blood of 
1-H men between nineteen and thirty. Wintrobe and Miller 13 made similar 
observations on 100 men between the ages of twenty and thirty. Foster and 
Johnson’’ followed with a similar study of 115 normal men. Even with these 
data, general erythrocyte and hemoglobin standards are by no means estab- 
lished, 1 ' - and the need for additional study in other localities has often been 
pointed out. 1 " - M > =•■ 


The present study is based upon the observations made on 100 men between 
the ages of twenty and thirty. The subjects were medical and college students, 
all of whom had been found in good health by thorough physical examination. 
Since previous investigation has shown that both muscular activity 17 and rest 32 
produce significant fluctuations in the erythrocyte count, the samples of blood 
were d rawn as soon as the subjects presented themselves at the laboratory. 

•From the IKiuUm.-ru of I'hy.-hdouy. Univer.-ity of Kansas. 

Heculvcd for publication, Juno 23. 1333. 
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No other effort was made to control physical activity. The data are, there- 
foie, believed to be comparable to previous studies in which the subjects have, 
also, apparently been chosen at random with respect to physical activity. 
Most of the observations were made during the month of September. 

.METHODS 

A 6 c.e. quantity of blood was drawn from an arm vein, 5 c.c. being placed 
in a 15 c.e. graduated centrifuge tube containing 1 c.c. of 1.6’ per cent sodium 
oxalate solution. The 1 c.c. of blood was placed in a second tube containing a 
small amount of dry oxalate and was later used for making counts and hemo- 
globin determinations. All tubes were tightly stoppered immediately, and 
samples were centrifuged or diluted before any known changes which would 
affect any of the observations could occur in the blood. Precautions were 
taken to prevent stasis in arm veins when withdrawing blood. 

Cell volume was ascertained by centrifuging the tubes containing the 
5 c.c. of blood in 1.6 per cent oxalate for one hour, which is considered ade- 
quate by Haden, 13 at a speed of 2,800 r.p.m. in a centrifuge with a working 
radius of 13.5 cm. The tubes were allowed to return to room temperature 
before readings were made. The percentage of cells was calculated from the 
readings of the graduated scale on the tube. 

Erythrocyte counts were made after dilution in Trenner pipettes, in Levy- 
Hausser chambers having improved Neubauer ruling, all of which apparatus 
had been tested by the U. S. Bureau of Standards. The pipettes were agitated 
for three minutes in a mechanical shaker which was carefully checked to 
eliminate the possibility of any mechanical hemolysis. At least two dilutions 
with Hayem’s solution were made from each sample and, if necessary, addi- 
tional dilutions were made until counts from separate pipettes were obtained 
which agreed within 100,000 cells. Blood was thoroughly mixed bj 1 ’ repeated 
inversion of tubes before samples were taken out, and diluted samples were 
allowed to settle completely in the chamber before counting. Trenner pipettes 
were checked with IT. S. Standard Thoma pipettes and were found to give 
concordant readings. 

Hemoglobin was estimated by the Newcomer method. Determinations 
were made after the acid liematin solution had stood for one hour. All read- 
ings were made by daylight. Each reading recorded is the average of six 
observations of the colorimeter. In order to verify the dependability of the 


Table I 


BLOOD SAMPLE 

NUMBER 

NEWCOMER 

METHOD 

OXYGEN CAPY. 
METHOD 

variation op 

NEWCOMER 

i 

10.8G 

10.84 

+0.02 

2 

11.48 

10.89 

+0.59 

3 

11.83 

11.86 

+0.03 

4 

13.35 

13.34 

+0.01 

5 

14.S4 

14.52 

+0.32 

0 

15.23 

15.24 

-0.01 

7 

15.15 

15.30 

-0.15 

8 

10.12 

15.79 

+0.33 

9 

15.20 

15.85 

-0.65 

10 

25.78 

25.81 

-0.03 
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Newcomer (Use, the api.aratus was “f “^15 were as shown 

capacity method on 10 different samples of blood. 

in Table I. t • series of comparative deter- 

Because of the close eorrespon ence ® Newcomer readings. All cell 
minations, no corrections were app me i |},e same individual, 

counts and hemoglobin determ.nat.ons were made b> 

THE ERYTHROCYTE COUNT 

erythrocyte values and have s town 1 Jn the Un ited States, four im- 

a surprisingly small number of o r&n „ e from eighteen to thirty, and 

portant studies of normal meU " ° count "total hemoglobin and total cell 

using accurate methods foi eiytl 

volume have appeared recently. - of 20 men, aged eighteen 

Working in Kansas, Haden 0 sei% e Th l est count recorded was 

to thirty, a mean erythrocyte count of o -08. lhe 

S u&fects 



Millions — ~ — . oc , 

. -.AA vnuntr men. The median, 4.8b, is 
Fig. U-Fpeauenc a 

4 50 and the highest 5.62. When the series was increased to 35 subjects, the 
_ anu tne ni e ie, Oregon, found the mean erythrocyte 

mean count was o.Oo million. Us c ooci, m kji 0 , . . , . ■ 

count for the 137 men of his series to be 5.39 million, ranging from 4 4 to 6.4 
million, with 90 per cent lying between 4.7 and 6.1 million. Wmtrobe and 
Miller, working in Louisiana, observed a mean ot o.bo million m e 
examined bv them, with 95 per cent between 5 and 6.90 million. The mini- 
mum and maximum values of this group were 4.68 and i.a3. respectively. 

Emerson 4 5 * 7 in Baltimore reported the average count of 176 men between 
the ages of twenty and twenty-five as o million, with only S per cent be on 

5 million and 8.5 per cent above 6 million. Haden 7 * has recently reported a 

series of counts made by medical students in Kansas City on their own blood, 
in which a mean of 4.997 was found, the average of o4 students m 19r_9 to 
1930 being 4.S5 million. Figures reported by various other investigators are 
given in Table II. 

In the 100 men observed in tlie present study, the mean erythrocyte count 
was 4.84 million per eubic millimeter of blood, the counts ranging from 4.10 
to 5.55 million. Of this number. 90 per cent lay between 4.31 and 5.35 million. 


170 -uc sia sxistosx 
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TOTAL HEMOGLOBIN AND COLOR . INDEX 

Hacleu, using the Van Slyke method, found in his sttidv of 85 men a mean 
total hemoglobin of 15.63 gin. per 100 e.e. of blood. Osgood, employing the 
Osgood-Haskms method of hemoglobin determination, standardized by the 
Van Slyke, found a mean of 15.76 gm. in his series of 137 men. Ninety per 
cent of tlm values were between 14 and 18 gm. Wintrobe and Miller, 3 -- « 
using the Newcomer hemoglobinometer corrected by the Van Slyke method, 
obtained a mean hemoglobin figure of 17 for 100 male subjects, with 73 per 
cent of the determinations ranging between 15.5 and 18.5 gm. Poster and 
Johnson found a mean value of 15.63 gm. per 100 c.c. for 115 men. 

Several large series of normal men have been investigated by workers in 
other localities. The mean values found by Ilarrop," 1 Orias, 21 - 22 Parodi, 2 " 
Sokhey, 31 ’ Parjouo et al., 23 Tenconi ,« Price-Jones, 88 Dill, 3 and more recently, 
by Jenkins and Don, J!) are shown in Table III. 

The familiar work of Williamson is criticized 27 because a standard of re- 
crystallized hemoglobin was used. HornefferV* mean of 16.03 gm. per 100 
e.e. for 40 men has been questioned 28 for the same cause. 



Fig 


2.— Frequency distribution of hemoglobin values in 100 young men. The mei 
indicated by a broken line and the mean, 15.12, by a solid line. 


median, 15.02 


Various methods of determination have been reported. Sackett, 211 using 
the Wong iron method, found a mean value of 16.71 gm. per 100 e.e. in 15 
normal men. Cilia Yu Tien 3111 reports a series of observations on 321 healthy 
Chinese in which a mean of 97.4 per cent by tlie Sahli method was found. 
Komocki'" records a mean of 86 per cent Sahli in 17 healthy men associated 
with an average red count of 5.97 million. Cabigting, 2 using the Bauseh and 
Lomb hemoglobinometer, found a mean of S2.7 per cent for 22 normal male 
Filipinos. 

The mean value found for the 100 subjects of the present study was 15.12 
gm. per 100 c.c. of blood, 90 per cent of the figures lying between 13.25 and 
17 .03 gm. The extremes were 12.89 and 18.70 gm. 

In the calculation of color index, it is of course necessary to employ an 
arbitrary standard for erythrocytes and hemoglobin which shall be regarded 
as 100 per cent. The use of 5 million is universally accepted as 100 per cent 




EUVTUHOCVTi; «» ■««»““ 

of red cells. Osgood, on the basis of his m o " bs '" “‘““„toWn ' ‘ooeffllient, 

previous investigator, «r£^“ ^.„ trobc adopted 14.6 gut. as a more 
14.7 gm., to represent 100 pet ctm. 

accurate figure to represent 100 pu cent. • ■ d i ar „ e lv from one or 

The inadaptability of a liemoglo in coe u the f - gure used as 

two series to all localities is demons t bein«- compared. The 

100 per cent by Wintrobe in four ot 1 ie ^ ^ s0 treate d, show a mean 
data of Osgood and of Wmtrobe an * ’ i dex 0 f i.OT and those 

eelor into o£ 1. Haderr's subjects show a mean «to md ^ boweve r, 

of the present senes, 1.03, with \\ mi o s ^ lla , a o£ Ita ,l en and 

a hemoglobin coefficient is calcu ■ 100 per cent hemo- 

cf .1,1, study, the tesuMug figure, 1 ^ „ t J pKse nt series, 

globin, gives a mean color index ot l.Ul b 
85 per cent of which are between 0.85 and 1.1m 

total volume of packed cells and volume index 

c ,, i Vw n^frood and bv "VS intvobc and ilillci 
Since the procedure o on e ° u i ant . corrections were applied to 

employed powdered oxalate as an a o 



* » in 100 voung men. The median, 

Fife'. 3. Prequfcncy and the mean. 46.5. by a solid line. 


their original figures. Osgood, using 20 mg. powdered oxalate to 10 c.c of 
blood, obtained an average total volume of 44.84 c.c. of packed cells per 10 
c.c. of blood in the 94 subjects who were so examined. This figure was in- 
creased by 3.5 per cent to correct for shrinkage of the cells, giving a revised 
figure of 46.4, c.c. packed cells per 100 c.c. of blood. Ninety per cent ot the 


values ranged between 40 and 50 c.c. 

The corrected mean of Wintrobe and Miller is 46.5 c.c. of packed cells 
per 100 c.c. of blood. This was obtained by adjusting for the 6.7 per cent 
shrinkage in volume with the 40 mg. of oxalate per 10 c.c. of blood used bj 
them. Of the corrected values, 85 per cent ranged between M0 and 50 c.c. 

The mean total cell volume found in the present series was 46.5 e.e. packed 
cells per UK) e.e. of blood, with 92 per cent of the total volume determinations 
between 43 and 50 c.c. This average agrees with IIaden’s first published 
data 1 ” in which 1.6 per cent oxalate solution was used as an anticoagulant. 
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Haden 13 lias since demonstrated that 1.4 per cent oxalate is more nearly iso- 
tonic with human blood than 1.6 per cent although the difference is small. 
The mean value found by Foster and Johnson for 40 subjects using heparin 
as an anticoagulant is slightly greater, as might be expected. Peters and Van 
Slyke 27 mention the unpublished packed cell volume determinations of Eisen- 
man as agreeing excellently with those of Haden and Osgood. Pearl and 
Miner 88 " report a mean of 45.59 c.e. in their study of 272 normal men. 

In spite of the fact that the various average figures for total volume of 
packed cells agree so closely, the great divergence in red cell counts produces 
volume coefficients in each instance which are widely separated. Osgood’s cor- 
rected volume coefficient is 43.04 c.e., while the high average cell count found in 
Wintrobe and Miller’s subjects gives a volume coefficient of 39.94. Foster and 
Johnson calculated 44.4 as the volume coefficient of their 40 subjects. Osgood, 
as well as Wintrobe and Miller, employed 41 c.c. as 100 per cent in their cal- 
culations, giving volume indices of 1.00 and 0.97 respectively. The use of 
41.0 c.c. as 100 per cent would give a volume index in Haden ’s group of 1.12 
and in this series, of 1.18. Obviously, again, the standard chosen as 100 per 
cent must, judging from the above calculations, be a local one, at least for 
the present. If the data of Haden and of this series are combined, a volume 
coefficient of 47.4 c.c. is derived, which, when considered as 100 per cent total 
cell volume, gives a mean volume index in this series of 1.017 with 90 per cent 
between 0.89 and 1.15. 

SATURATION INDEX 

Employing the standards used by Wintrobe, a hemoglobin coefficient of 
14.6 gm. and a volume coefficient of 41 c.c., the 100 subjects of Wintrobe and 
Miller average 1.02, the Oregon men, 0.98, and Haden ’s Kansas City group 
0.96 in saturation index. The series under consideration would average 0.92. 
If, however, 15.59 gm. hemoglobin and 47.4 c.c. packed cells are taken as 100 
per cent standards, the mean saturation index obtained is 0.99 in this series, 
with 90 per cent ranging between 0.85 and 1.12. 

MEAN CORPUSCULAR VOLUME, HEMOGLOBIN AND HEMOGLOBIN 
CONCENTRATION 

The method of calculating mean corpuscular volume, hemoglobin and 
hemoglobin concentration lias been explained frequently elsewhere 10 ’ ”■ 3J ’ ““ 
and is therefore omitted here. Mean corpuscular volume refers to the aver- 
age volume of individual erythrocytes, stated in cubic micra. Mean corpuscu- 
lar hemoglobin expresses the average amount of hemoglobin in micromicro- 
grams (grams x 10 -12 ) present in the erythrocytes. Mean corpuscular hemo- 
globin concentration expresses the amount of hemoglobin in proportion to the 
volume of the erythrocyte and is stated in percentage. 

The mean corpuscular volume obtained in this study. 96.5 cubic micra, is 
higher than that found in any of the other series compared in Table IV. The 
normal range for the age group, sex, and locality of this study is found 
between 82 and 107 cubic micra, since 90 per cent of the observations occurred 
within those limits. 



WALTERS : 


NORMAL ERYTHROCYTE AND HEMOGLOBIN VALUES 
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These figures tend to eonfirm the relationship ei ^ «>ej«k «' 

Emmons' on various mammalian as well m 00 J he total „„mher 

the individual erythrocyte appears to wiy »n\eisej Ucr 

found, a larger corpuscular volume tending to compensate for the 

nUm SaWrage for mean corpuscular volume in men is 92 cubfe micra. 
Wintrobe found 79.8 cubic micra for an average, while ie m ® 
culated from Osgood’s data is 86.1 cubic mtcra. Foster and Johnson fi 0 u 

is 85.9. 


iSvfycctj 


Cubk Micra 



Fig. i . — Frequency distribution of mean corpuscular volume in lOO young men. The median. 
96.3. is indicated by a broken tine and the mean. 96.o. by a sona 




Fig. 5. p ig. 6. 

Fig. 5.— Frequency distribution of mean corpuscular hemoglobin in 100 young men. The 
median and the mean are identical. 31.1. 

Fig. 6. — Frequency distribution of mean corpuscular hemoglobin concentration in 100 young 
men. The median, 32.0. is Indicated by a broken line and the mean, 32.1, by a solid line. 


Since the calculation of corpuscular volume, hemoglobin and hemoglobin 
concentration is simple and does not involve any arbitrary standard, these 
constants have been recommended frequently in preference to the volume, color, 
and saturation indices for clinical work. However, it is clear that even for 
die application of these terms to specific cases, well-established normals for 
the given conditions, age group, and sex should be known. For example, al- 
thougli Wintrobe 3 ' 1 states that “values above 95 cubic micra or below 75 cubic 
micra are probably a manifestation of abnormality.” more than half of the 
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normal subjects observed in the present investigation showed a corpuscular 
volume greater than 95 cubic micra. 

The average figure for mean corpuscular hemoglobin found in the sub- 
jects of this study was 31.4 micromierograms, with 92 per cent lying between 
25 and 37 micromierograms. This mean is almost identical with Iladen’s average 
of 31.0 micromierograms for 35 men between eighteen and thirty, and agrees 
closely with the average figure found by Foster and Johnson, 30.03 micro- 
micrograms. The same mean was observed both by Osgood and by Wintrobe 
and Miller, 29.2 micromierograms. 

The average found for corpuscular hemoglobin concentration was 32.4 
per cent. Ninety-one per cent of the calculations lay between 27.5 and 36-5 
per cent. Haden ’s average of 33.7 per cent and Osgood’s, 33.9 per cent, are 
in close agreement with this figure. IVintrobe found an average of 36.6 per 
cent, while Foster and Johnson recorded a mean of 34.77. Ilorneffer calcu- 

Table II 


Mea.v Erythrocyte Count eok Normal Men in Various Geographic Localities 


INVESTIGATOR 

DATE 

NO. OF 

SUBJECTS 

LOCALITY 

MEAN 

COUNT 

AGE 

RANGE 

Chamberlain 3 

1911 

087 

Philippine Is. 

5.20 



Emerson 

1921 

170 . 

Baltimore 

5.00 

20-25 

Haden 

1922 ff. 

70 

Kansas Citv 

4.95 

1S-50 

Iladen 

1924-1930 

230 

Kansas Citv 

5.00* 



Komoeki 

1924 

17 

Warsaw 

5.97 

20-40 

Sackett 

192d 

14 

Kansas City 

5.09 



Osgood 

1920 

137 

Oregon 

5.39 

19-30 

Horneffer 

192S 

40 

Germany 

4.97 

19-29 

Wintrobe and .Miller 

1929 

100 

New Orleans 

5. 85 

20-30 

Parodi 

1930 

50 

Buenos Aires 

5.50 

1S-30 

Cabigting 

1930 

22 

Philippine Is. 

4.75 

15 “up” 

Foster and Johnson 

1931 

115 

New Orleans 

5.26 

1S-30 

Tenconi 

1931 

50 

Buenos Aires 

5.30 

— 

Priee-Jones 

1931 

100 

London 

5.43 

— 

Cliia Yu Tient 

1931 

320 

Manchuria 

5.12 

19-64 

This Study 

1933 

100 

Kansas 

4.S4 

20-30 

Mean Erythrocyte Count for 222S Men 5.1S9 


•These counts were made by medical students. 

fQuotes Ivitashima as having: found 5.24 million and Sakai, 5.46 million as mean values 
in studies on normal Japanese. 


Table IV 

Comparison op Average Normal Erythrocyte, Hemoglobin and Packed Cell A olume 
Values Found by Various Investigators 


INVESTIGATOR 

LOCALITY 

NUMBER 

SUBJECTS 

AGE 

RANGE 

o 

P CO 
c-« S3 

>* r* 

Si >4 

w o 

TOTAL 

IIB. 

f* 

A M 

2 o 

TOTAL 

VOLUME 

*5 S* 

P & 

J w 
o o 
> o 

2 -* 
o o 
u > 

© g 
w> P 

z 
. o 
o 

31 j: 

o g 

Haden 

Kansas 

35 

18-30 

5.05 

15.63 

15.4S 

46.2 

46.0 

92.0 

31.0 

33.7 

33.1 

Osgood 

Oregon 

137 

19-30 

5.39 

15.76 

14.66 

46.4* 

43.0 

S6.1 


Wintrobe and 
Miller 

New Orleans 

100 

20-30 

5.85 

17.0 

14.53 

46.5 

39.9 

79.8 

29.2 

36.6 

Foster and 
Johnson 

New Orleans 

115 

18-30 

5.26 1 

15.63 

14.S5 

46.7 1 44.4} 

ss.st 

96.5 

30.0 

31.4 

34.S 

32.4 

This study 

Kansas 

100 

20-30 

4.84 

15.12 

15.71 

46.0 



•Mean of 94 Subjects. 

tMean of 100 Subjects. „ , . 

^Heparinized Blood. Mean of 40 Subjects. 
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Table V 

Blood Findings in 100 Normal Men Aged 20 to BO 


S 


'6 5 


© 

p 

< 

KRYTIIHO* 

CYTKS 

5 

<2 

P - 

o 

u 

2 o 

£ 

C4 ^ 

? P 

25 ^ 

~ W 

P c 

r" U 

5 

© U 

Jl rr 
© 

~ D 

p O 

w > 

5 

x d 
? o 

3 w 
© £ 

d g 

? 8 
^ £ 

C O 
© © 

-■* 

A S, 

8 1 

it * 

£ * 
© ~ 

P £ 

el 

• * 

g 'A 

II 

i 

22 

4.31 

13.44 

15.59 

48.8 

56.6 

113.2 

31.2 

27.5 

1.00 

1.19 

0.83 

o 

21 

5.33 

13.44 

12.61 

46.6 

43.7 

87.4 

25 2 

28.8 

0.81 

0.92 

0.88 

3 

21 

5.29 

15.64 

14.78 

44.0 

41.6 

S3.1 

29.6 

3 o.o 

0.94 

0.S8 

1.0S 

4 

28 

4.83 

15.90 

16.46 

48.9 

50.6 

101.2 

32.5 

32.5 

1.05 

1.05 

0.99 

5 

22 

4.93 

15.64 

15.S6 

44.6 

45.2 

90.4 

31.7 

35.1 

1.02 

0.96 

1.0G 

0 

20 

4.72 

17.03 

18.04 

46.1 

48.S 

97.7 

36.1 

36.9 

1.15 

1.03 

1.12 

7 

23 

4.33 

15.90 

IS. 36 

43.6 

50.3 

100.7 

36.7 

36.5 

1.17 

1.06 

1.11 

8 

27 

4.72 

14.03 

14.86 

44.6 

47.2 

94.5 

29.7 

31.5 

0.95 

0.99 

0.96 

9 

20 

4.36 

16.74 

19.20 

43.5 

49.9 

99.8 

38.4 

3S.4 

1 .2° 

1.0G 

1.16 

10 

20 

5.09 

14.90 

14.62 

4o.3 

44.5 

S9.0 

29.3 

32.9 

0.94 

0.94 

1.00 

11 

21 

4.66 

16.17 

17.35 

46.S 

50.2 

100.4 

34.7 

34.6 

1.11 

1.06 

1.05 

12 

20 

4.47 

15.39 

17.22 

43.4 

4S.6 

97.1 

34.4 

35.5 

1.11 

1.03 

1.0S 

13 

23 

4.10 

15.90 

19.39 

44.S 

54.6 

109.3 

3S.8 

35.5 

1.24 

1.16 

1.07 

11 

20 

4.77 

16.45 

17.24 

47.9 

50.2 

100.4 

34.5 

34.3 

1.11 

1.06 

1.05 

15 

20 

4.40 

14.90 

16.93 

41.1 

46.7 

93.4 

33.9 

36.3 

1.09 

0.99 

1.10 

10 

20 

5.05 

15.90 

15.74 

50.0 

49.5 

99.0 

31.4 

31. S 

1.01 

1.04 

0.97 

17 

22 

4.29 

14.90 

17.37 

47.4 

55.3 

110.5 

34.7 

31.4 

1.12 

1.16 

0.96 

18 

20 

5.38 

15.90 

14.7S 

4S.S 

45.3 

90.7 

29.6 

32.6 

0.95 

0.96 

0.99 

19 

21 

4.96 

17.03 

17.17 

45.7 

46.1 

92.1 

34.3 

27.3 

1.10 

0.97 

1.14 

20 

20 

4.91 

16.17 

16.47 

48. S 

49.7 

99.4 

32.9 

33.1 

1.06 

1.05 

1.01 

21 

20 

4.53 

17.66 

19.49 

47.0 

51.9 

103.8 

39.0 

37.6 

1.24 

1.09 

1.14 

22 

21 

5.45 

15.14 

13.89 

43.1 

39.5 

79.1 

27.S 

35.1 

0.89 

0.83 

1.07 

23 

21 

4.56 

17.34 

19.01 

50.0 

54. S 

109.6 

3S.0 

34.7 

1.22 

1.15 

1.06 

24 

20 

4.62 

17.34 

18.77 

4S.7 

52.7 

105.4 

« j 7.5 

35.6 

1.21 

1.12 

1.0S 

25 

20 

4.50 

15.14 

16.82 

45.0 

50.0 

100.0 

33.6 

33.0 

1.0S 

1.06 

1.02 

26 

20 

5.00 

15.90 

15.90 

44.4 

44.4 

ss.s 

31.8 

35.8 

1.02 

0.94 

1.09 

27 

20 

5.31 

13.44 

12.66 

44.2 

41.6 

83.2 

25.3 

30.4 

0.S1 

o.ss 

0.92 

28 

22 

4.75 

15.64 

16.46 

45.7 

48.1 

96.2 

32.9 

34.2 

1.05 

1.01 

1.04 

29 

21 

4.83 

13.63 

14.11 

43.1 

44.6 

SO. 2 

28.2 

28.2 

0.90 

0.94 

0.96 

30 

20 

4.54 

15.64 

17.23 

43.3 

47.7 

95.4 

34.4 

36.1 

1.10 

1.00 

1.10 

31 

25 

4.2S 

15.90 

18.58 

44.6 

52.1 

104.2 

37.1 

35.7 

1.18 

1.09 

1.08 

32 

20 

4.S2 

14.90 

15.46 

42.2 

43. S 

S7.6 

30.9 

35.3 

1.00 

0.93 

1.0S 

33 

22 

4.75 

15.64 

16.46 

46.8 

49.3 

9S.5 

32.9 

33.4 

1.05 

1.04 

1.01 

34 

20 

4.56 

15.90 

17.44 

48.0 

52.6 

105.3 

34.9 

33.1 

1.12 

1.11 

1.01 

35 

22 

4.91 

16.74 

17.05 

50.0 

50.9 

101.8 

34.1 

33.5 

1.09 

1.07 

1.02 

3G 

20 

4.50 

15.14 

16.82 

43.9 

48.8 

97.6 

33.6 

34.5 

1.08 

1.03 

1.04 

37 

21 

4.42 

13.63 

15.42 

47.1 

53.3 

106.6 

30.S 

2S.9 

0.99 

1.13 

0.88 

38 

20 

4.60 

14.90 

16.20 

46.5 

50.5 

101.1 

32.4 

32.0 

1.04 

1.06 

0.98 

39 

20 

4.52 

13.07 

14.46 

47.9 

53.0 

106.0 

2S.9 

27.3 

0.92 

1.11 

0.S3 

40 

21 

4.72 

17.34 

18.37 

46.8 

49.6 

09.2 

30.7 

37.1 

1.18 

1.05 

1.12 

41 

23 

5.06 

15.14 

14.96 

46.1 

45.6 

91.1 

29.9 

32.8 

0.96 

0.96 

1.00 

42 

21 

4.72 

14.22 

15.05 

43.7 

46.3 

92.6 

30.1 

32.5 

0.97 

0.9S 

0.99 

43 

25 

5.13 

13.82 

13.46 

42.7 

41.6 

83.2 

26.9 

32.4 

0.86 

0.S7 

0.99 

44 

21 

5.0S 

14.44 

14.21 

47.4 

46.7 

93.3 

28.4 

30.5 

0.92 

0.99 

0.93 


26 

4.88 

14.22 

14.53 

46. S 

4S.0 

95.9 

29.1 

30.4 

0.93 

1.01 

0.92 

46 

22 

5.55 

16.45 

14.82 

47.0 

42.3 

84.7 

29.6 

35.0 

0.95 

0.S9 

1.07 

47 

21 

4.56 

13.44 

14.74 

41.1 

45.1 

90.1 

29.5 

32.7 

0.95 

0.96 

0.99 

48 

20 

5.01 

14.67 

14.64 

48.4 

4S.3 

96.6 

29.3 

30.3 

0.94 

1.02 

0.92 

49 

vo 

5.10 

13.63 

13.36 

45.9 

45.0 

90.0 

26.7 

29.9 

0.85 

0.95 

0.90 

50 

28 

5.33 

13.82 

12.95 

49.4 

46.3 

92.7 

25.9 

28.0 

0.S3 

0.97 

0.86 

51 

23 

4.49 

14.03 

15.59 

47.4 

52.S 

105.6 

31.2 

29.6 

1.00 

1.11 

0.90 

52 

24 

4.S8 

15.14 

15.51 

48.9 

50.1 

100.2 

31.0 

31.0 

0.99 

1.05 

0.94 

53 

20 

4.89 

16.74 

17.12 

50.0 

51.1 

102.2 

34.2 

33.5 

1.0S 

1.07 

1.02 

54 

26 

4.88 

15.90 

16.29 

43.9 

45.0 

90.0 

32.6 

36.2 

1.04 

0.95 

1.09 


•For the calculation of these indices, 15.59 gm. of hemoglobin and 47.1 c.c. of packed cells 
have been considered as 100 per cent. 




latcd a mean corpuscular hemoglobin of 32.4 for his series of 40 healthy men. 
The criticism of his method of hemoglobin determination has already been 

Mentioned. 

THE QUESTION OF GEOGRAPHIC VARIATIONS 
The comparatively wide differences which have been found to exist in 
hemoglobin and erythrocyte count have frequently raised the question of pos- 
sible geographic variations other than the well-recognized increase with altitude. 
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Parjoiio, Badsma and Joenoes'-'* compiled data on blood iron and oxygen 
capacity in an effort to find some correlation between the amount of hemo- 
globin and geographic latitude. The data used were found insufficient to 
establish any clear relationship. 

In Tables II and III are listed erythrocyte and hemoglobin determinations 
from various geographic localities. From these figures it is apparent that any 
correlation on the basis of geographic locality is very difficult, since in sev- 
eral cases, investigators working in the same locality have secured widely 
differing results. There are, however, few striking differences. 

Many other factors than geographic location are doubtless existent as, 
for example, in the case of the difference found between poorer natives and 
the better-situated students and native doctors in the Java group of Parjono, 
et al. For this particular difference these authors suggest the prevalence of 
intestinal worms among the poorer classes as a possible explanation. 

Orias 23 found a definite difference between common soldiers, officers and 
students in Buenos Aires (Table III). He concludes that social condition is 
an important factor in hemoglobin level. Ilorneffer also noted this difference, 
finding 16.25 gm. as the mean value for 20 students and 15.S0 gm. as the 
mean for 20 soldiers. 

Price-Jones suggests chronic carbon monoxide poisoning from motor cal’s, 
with an accompanying compensatory increase in hemoglobin and red blood 
cells to account for the difference in hemoglobin content which was found by 
him in London and Boston. This explanation is claimed by Jenkins and Don 
to have been invalidated by observations made on mechanics. These investi- 
gators find an even higher mean hemoglobin value for individuals from various 
localities in England than Price-Jones found in Americans. 

The possibility of a difference in hemoglobin level between smokers and 
nonsmokers due to carbon monoxide has also been investigated; s2a but no sig- 
nificant difference was found. 

Some significant differences due to technic would seem inevitable in any 
list of investigations as large as those cpioted in Tables II and III. Further 
sampling of the normal population on an extensive scale is needed to clarify 
the question of normal standards for general use. 

SUMMARY 

1. Careful observations made on 100 healthy men between the ages of 
twenty and thirty in Kansas show a mean erythrocyte count of 4. SI million, 
15.12 gm. of hemoglobin per 100 e.c. of blood and 46.5 c.c. of packed cells per 
100 c.c. of blood. 

2. When a hemoglobin coefficient of 15.59 gm. and a volume coefficient 
of 47.4 c.c. are employed as 100 per cent standards, the color, volume and 
saturation indices are approximately 1. 

3. Calculations from the above data give the following average figures: 
for mean corpuscular volume, 96.5 cubic micra ; for mean corpuscular hemo- 
globin 31.4 micromicrograms; for mean corpuscular hemoglobin conceutra- 
tion, 32.4 per cent. 



WALTERS : NORMAL 


erythrocyte and hemoglobin values 
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4. Comparison of erythrocyte and geographic 

* one of .1- in.poe.ant facto., in oh- 

served differences. , , . Tr „: 

The author is indebted to Dr Ralph L ^ Atkins Memorial Hospital, 

versity of Kansas, for kindly providing laboratory tac.m 


REFERENCES 

1. B m , Fred.: S.»d.rd S«-»h and X.rml K.nge, in Hen.a.Cgc. An,. J. Cin. 

. P- S' B« Ena mi notion Among S—i «»«- *■ * A ' 

10: 319, 1930. , _ Hemoglobin of Healthy Adult 

3. Chamberlain, W. P.: The Red Kood Corpuscles and « g 
American Males Residing in the Philippines, Philippine . *c. 

fS^Yc. Q Cd UnSSf'ACltia.m of .On Genera..,' Aeeep.ed X.rmai Paine,. 

0. ySerretaiion of Xambe, Volume, »— and Aren of MammaUn. 

Erythrocytes, J. Physiol. 64: 215, 1091 ,y 

7. Emerson, C. P.: Clinical Diagnosis, Philadelphia, £ X al 

«• P««. to, and W~* S:l_°ST.yZf S a oI »S,”S 



9. Haden, 

10. Haden, 

11. Haden, r'. L.: The Volume and Hemoglobin Content of the Erythrocytes in Health and 

12. Variations ^in^the Size of the Red Blood Cell, J. Lab. * Cun. 

13. Haden, KK: 'tUc Technic of Determination of the Relative Mass, ^ C^l 

Volume, and the Volume Index of the Erythrocytes or Man, J. Lab. &. Clin. Med. 
15: 736, 1930. 

1L Haden, R. L.: Personal Communication. 

15. Haden, R.L.: Hemoglobin Standards, Am. J.CUn PatU 3. So 19oo. of Venous 

10. Harrop G Y • The Oxygen and Carbon Dioxide Content ot Arterial and of Venous 
Blood in Normal Individuals and in Patients With Anemia and Heart Disease, J. 

17. Han® p!B.: re On 3 ?he 2 Mo4ho?ogieal Changes in the Blood After Muscular Exercise, Am. 

18. H o rn'eff er yL. < f Das°Blut ' des Menschen, mit neuren Methoden untersucht. II. Absolut 

Hamoglobin hestimmungen, Erythrocytenzahlungen und Erythrocytenmessimgen i bei 
20 Studenten und 20 Soldaten zui Ernuttlung des Hamoglobingehalts ernes 
Erythrocyten und des Hiimoglohins pro u- Oberflache des Erythrocyten, Arch. f. d. 

ges. Phvsiol. 220: 703, 192S. . , -- , „ , 

19. Jenkins, C. E., and Don, C. S. D.: The Haemoglobin Concentration of Normal English 

Males and Females, J. Hygiene 33: 36, 1933. 

20. Komocki, W.: Cher die Zahl der roten Blutkorpcrchen hei gesunden erwachsenen 

vr... i -**♦ » i _ i. nco. OOll IflO.l 



23. Orias, O.: Faetores que Inlluenciau la Cantidad de Hemoglohina de la Sangre, Rev. 
Soc. Argent, de Biol. 6: 410, 1930. 

21. Osgood, E. E.: Hemoglobin, Color Index, Saturation Index and Volume Index Standards, 
Arch. Int. Med. 37: 6S5, 1926. 

-■». Parjotm, Itadsma, AY., and Joenoes, M.: Das SauerMoftbindungsvermogen der Eisengehalt 
unit <ler Hamogiobingehalt des Blutes hei den Tropenbewohncrn, Arch. Neerland. de 
Physiol. 15: 73, 1930. 

20. Parodi, A. S.: Numero de Eritroeitos v Volumeu Globular Humanos en Buenos Aires, 
_ Rev. So,-. Argent, de Biol. 6 : 426, 1930. 

-'■a. Pearl, R., aiul Miner, J. It.: A Biometric Study of the Relative Cell A'olumc of Human 
Blood, in Normal and Tuberculous Males, Bull. Johns Hopkins Hosp. 40: 3, 1927. 

Peters. J. P., and Van slvke, D. D.: Quantitative Clinical Chemistry, A'ol. I Baltimore, 
1931, CU. Nil. 



864 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


28. Price- Jones, C. : The Concentration of Haemoglobin in Normal Human Blood, J. Path. & 

Bact. 34: 779, 1931. 

29. Sackett, Guy E.: Hemoglobin and Iron in Blood, J. Lab. & Cun. Med. 10: 101S, 1924-23. 

30. Sokliey, S. S.: Quoted by Price- Jones. 

31. Teneoni, J.: Relations entre le taux de l’hemoglobine, le volume et le nombre des 

Hematics dans les Anemies et les Polvglobulies, Compt. rend. Soe. de Biol. 108: 
.133, 1931. 

31a. Tien, C. Y. : On the Normal Blood Picture of Chinese, J. Oriental Med. 14: 40, 1931. 

32. Walters, O. S.: Inactivity as a Factor in Erythrocyte and Hemoglobin Variations, Am. 

J. Physiol. 105: 9(5, 1933. 

32a. Walters, O. S. : A Comparison of Erythrocyte Count, Total Hemoglobin and Corpuscular 
Hemoglobin in Smokers and Non-Smokers, J. A. M. A. (In Press). 

33. Wintrobe, M. M., and Miller, M. W.: Normal Blood Determinations in the South, Arch. 

Int. Med. 43: 96, 1929. 

34. Wintrobe, M. M.: Hemoglobin Standards in Normal Men, Proc. Soe. Exper. Biol. As Med. 

26: S4S, 192S-29. 

35. Wintrobe, M. M.: The Volume and Hemoglobin Content of the Red Blood Corpuscle, 

Am. J. Med. Sc. 177: 513, 1929. 

36. Wintrobe, M. M.: The Direct Calculation of the Volume and Hemoglobin Content of the 

Erythrocyte, Am. J. Clin. Path. 1: 147, 1931. 


WUCHERERIA (FILARIA) BANCROFT! INFECTION IN MAN WITH 

AN UNUSUAL HISTORY* 


CASE REPORT 


Hildrus A. Poindexter, M.D., Ph.D., and R. Frank Jones, M.D. 
Washington, D. C. 


T HE occurrence of Wuchereria infection in a person who lias remained 
within the vicinity of the District of Columbia all of his life is so unusual 
that we feel justified in reporting it. 

We have not been able to discover all the links in the chain of circum- 
stances leading to the infection. This, together with the usually accepted 
epidemiology of filariasis, while incidentally serving to remind the general 
practitioner of its possible occurrence in this part of the country, also serves 
to focus more interest of the entomologist on the way or ways in which the 
patient may have become infected. From an epidemiologic standpoint we 
thought of four possibilities: (1) a wider general distribution of species of 
mosquitoes generally known to serve as vector for this disease; (2) a special 
means of distribution by these same mosquitoes laying their eggs in the few 
centimeters of water frequently found in the bottom of the lifeboats on 
freighters coming from endemic ports with a crew, some of which may be 
carriers; the larvae from these eggs become mosquitoes in time to bite the 
crew and they, after the usual incubation period, infeet persons in any sub- 
sequent port; (3) the common mosquito of this vicinity, which may assume 
the role of vector when in contact with carriers from an endemic area; (4) 


•From the Department of Bacteriology, Preventive Medicine and Public _ 
Department of Surgery — Urological Section,’ Howard University School of Medicine and 
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and lastly, some species of tick, which may serve as vectors. The last possi- 
bility is of interest chiefly because Filaria perstans, an organism very much 
like Wuchereria bancrofti , except that it does not have a sheath, is transmitted 
by a certain species of tick, and recently we have had an increase in tick 
(Eastern type of Rocky Mountain spotted) fever in this vicinity. 


CASE REPORT 


X. Y., a negro janitor, aged twenty-nine years, was admitted to Freedman's Hospital, 
May 15, 1933, with a chief complaint of progressive enlargement of the scrotum and right leg 
and foot with several areas of suppuration from the scrotal sac, one on the right buttock, 
and glandular enlargement and ulceration of the left axillary region. 

The past history is important in that the patient has lived in Washington all of his 
life and has never travelled more than one hundred miles from Washington, and when he 
did leave the city, it was only for a short time, generally on fishing trips. 

He has had measles, mumps, whooping cough, and eczema during childhood, but has 
otherwise enjoyed good health up to the beginning of the present illness. His appetite has 
remained good. He has used alcohol and tobacco in moderation, but no narcotics. 


The only contacts which he can recall with the tropics or subtropical zones are: prior 
io the present illness he had worked as janitor for a family of Filipinos, then living in 
Washington; and his family at various times received packages, some of which contained 
plants, from relatives in Mississippi. The family history is essentially negative except for 
an almost complete progressive blindness in his father (cataract). 

Present Illness. — About five years ago the patient, without any previous chill, fever or 
other symptoms of illness, began to have slight pains in the umbilical region. This continued 
for some time. Shortly after this he observed that his scrotum was enlarging. This continued, 
and ahout two weeks after the enlargement was noticed, two small areas of ulceration were 
observed where the scrotal walls rubbed against the thighs. 

-H this time his wife left him, accusing him of having some type of venereal disease. 

He was treated by a private physician for about one year with various local and internal 
medications, but when the scrotum continued to enlarge, he was hospitalized for ten weeks 
a Ballinger Municipal Hospital. There, various studies and treatments were performed with- 
out any check of the progressive enlargement of the scrotum. They did not find microfilariae 
■n the Mood. His general condition of health was good up to the time of admission to 
Ballinger Hospital. 


After leaving the hospital, he did not return to work because the size of the sc-rotum 
•md the several areas of ulceration made walking more difficult. 

lor the last four years he l as not worked nor received any systematic medical treatment, 
otuig this time the scrotum has continued to enlarge. Areas of suppuration have developed 
°'er the scrotum anil areas of excoriation over the inner surface of the thighs where they rub 
agamst the scrotal wall. Glandular enlargement developed in the axillae with subsequent sup- 
purahon of the left axilla. About this time a small ulceration developed over the right 

r ' U 0ck and al,out two >‘ Ci,rs ago the right leg and foot began to enlarge and to become 
progressively rough. 

, t,l « r 'ght of the above progress he was advised by a member of the staff of Freed- 
Mnv l” thl> ho M'Hal for study. Th : s he decided to do and was admitted 


Elimination .—' The general examination revealed a verv obese negro male 

"Us m a , . , ' 0r . t ' U ' : ' U P° uud “. •' vUhout any evidence of marked discomfort or illness who 
a lovi.il mood. The head and neck were normal. The chest and utmer 

Genital examination revealed a verv greatlv enWrueil 

aWt 83 ^ U - there,Uffi“'h^ r Sr Sfr 
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areas reflected light due to the drying of serum which had oozed from its surface, while still 
others presented deep sinuses covered by a purulent exudate. Where the folds of pendulous 
abdominal fat met the fat on the anterior surface of the thigh on either side, the valleys of 
the inguinal regions presented ulcerated surfaces penetrated by tunneled sinuses. These 
showed a marked tendency to granulation. While the penis was completely invaginated within 
the overgrowth of scrotal tissue, there seemed to be a marked proliferation of prepubic tissue, 
which was unusually pendulous. There were areas of excoriation over the inner surface of 
each thigh, where the very much enlarged scrotum rubbed against them. The right buttock 
showed a small area of suppuration. The left leg and foot, except for the marked dryness 
and scales, were apparently normal. The right leg was larger around by two inches at 
the calf and knee than the normal leg. The right leg and foot showed scaling and pigmenta- 



A B 


Fig. 1. — A, Before treatment. Measurements: Left, thigh 32 inches: knee 22 inches : calf 
20% inches; ankle 11% inches. Right, thigh 32% Inches; knee 21 inches; calf 22 inches; ankie 
14 inches. B. After treatment. 

tion together with a few shining areas in which serum appeared to be oozing. There was no 
definite ulceration of either limb. 

A clinical diagnosis of elephantiasis was made by the staff. 

Laboratory Examination . — Several thick smears of blood taken during the night, one 
at 9:15 p.M. and another at 10:30 r.-U. on separate nights, showed microfilaria when stained 
by the Giemsa method. The coagulation time was five minutes. Bed blood corpuscles 
1,670,000; white blood cells 14,000. Differential: Small lymphocytes 36 per cent, large 
lymphocytes 25 per cent, large mononuclears 8 per cent, transitionals 6 per cent, polymorpho- 
nuclear neutrophiles 20 per cent, eosiuophiles 5 per cent. Blood Wassermann was negative. 
Urine showed no microfilariae, a few epithelial cells, and a positive indican test; otherwise 
nothing significant. 
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, p-icteriologie culture from several of the 

Stools were free from parasites, ova or ' * removed at operation showed various 

areas of ulceration and from some ot tie at “ toc 0 C rtw, which fermented mannite and 

micrococci, Staphylococcus alb us, a nonhemolytic -treptoe^ ^ ^ a dip j lt , ie roid organism, 
was considered to be Streptococcus fecalxs ; trom «■ ^ • uBeventfuL The earlier treatment 

The condition of the patient white in the bo* , a „ atte mpt to clear up most 

consisted primarily of Site bath and mild local antmept 

of the secondary infection. _ fronl the enlarged scrotum. Several 

Attempts were made on two occasions to • pockets of fluid. We inter- 

punctures with various sized needles faile to oca proliferation of the subcutaneous 

preted the enlarged scrotum to be due to chrome e. cnn, ^ ^ wWch is the blocking of 

connective tissue secondary to this edema, > P‘ ° 

the lymph circulation. , j une o 1933, to warrant an 

The patient was sufficiently clear of seioiu.iry 11 "enlarged scrotum was removed 

0 » J««, 2. K»V»a« *•"*'*" of U* W- 

together with some of the inguinal 1 \ xupha us. - penis. It was found that the 

redundancy was removed, effecting complete r0 ^' e ^ ® evu „ in .ated, due to the weight of the 
skin which covered the penis was not thickener , > r „ ( . t Tliev were stripped 

involved scrotum. The testicles were found to be normal in every respe t. 

— I 



fi K . 2. — A. Shows a low-power niaBniflcaUon of ^ ^ h f’ her magnification, 

as described above. B. Shows the same Al.croftlana unaer a b dft {rom the centrifuged 

Trie TccJiuic of Preparation Was os Fo l , "“*Xhemoglobinized by distilled water. The 
specimens of citrated ’'•‘’U.n h.nl also been denemogiooinizeu of 


B of Preparation lV«s , n » , F °wn* mi hemo! globinized by distilled water. The 

«... ul enrated blood, which had oved in a solution containing equal parts of 

residue was used for the smear. The smear was axe ^ rT ' iatoxylin for eight minutes, decolor- 
alcohol and ether for five minutes; stained with been added a few drops of hydrochloric 

ized for two seconds in 80 per cent alcohol to winch had nten a 
jitul dried for oxfimlnation. 

of all of the proliferative tissue and covered in a new sac by joining the healthy skin of I the 
perineum and inner side of the thigh to the normal skin covering the perns For several 
hecks the penis was visible. Erection was noted on many occasions. Failure to remove suf- 
ficient subcutaneous tissue in live prcpubic region encouraged the return of redundancy with 
resulting invagination of the penis. The patient had an uneventful convalescence trom 
the operation, lie was discharged from the hospital July 7, 1933, markedly improved, with 
instructions to return at intervals to the out-patient department lor observation and further 
treatment. 

DISCUSSION 

Iu 'view of thc nodular swellings under the arms and elsewhere, we were 
compelled to consider a probable onchocerciasis, a rare disease due to Onchocerca 
volvulus, a member of iilaridae family, and transmitted by some gnat of the 
I'm mul iilae family. 
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The geographic distribution of the onchocerciasis, as well as the history 
of this case, made that solution highly improbable from the beginning, and 
the microscopic study of the microfilaria definitely ruled it out. 

Clinically the case was one of elephantiasis. We therefore had to consider 
the etiology from three standpoints: infection with Wuchereria ■ bancrofti and a 
secondary invader which some believe to be primarily responsible for the ulcera- 
tion and much of the lymphatic blockage or elephantiasis of a nonparasitic type 
resembling the cases reported by Gager, 1 and others. While the works of 
O’Connor and Hulse,- and O’Connor 3 seem to show that elephantiasis in 
Wuchereria infection may occur without secondary infection, we believe that 
this case is one in which the secondary infection by the streptococci and 
staphylococci is an important secondary etiologic factor in producing the 
syndrome. 

The question of where and by what means the patient received the infec- 
tion seems to be the most important consideration here. 

Wuchereria bancrofti infection, while common in various areas through- 
out the tropics and subtropical belts, is most important as a United States 
menace because of its prevalence in the Islands and ports of the Caribbeans 
and its endemicity in Charleston, South Carolina. Man is the only proved 
intermediate host harboring the adult worms and the sexual phases, and the 
mosquito is the only proved definitive host in which complete development 
may take place, and is thus the vector of interest. 

Since we have evidence that man cannot infect man directly, but that 
the microfilariae must undergo a certain period and complete certain stages 
of development in the mosquito before the infective form is produced and is 
thus ready to be transmitted to another person, the vector becomes the im- 
portant problem here. There are at least four known genera of the order 
Diptera in which the complete development of the Wuchereria bancrofti is 
known to be possible : viz., Aedes, Anopheles, Culex, and Mansonia. There are 
several species under each of these genera in which the complete development 
of Wuchereria is known to be possible, but for all practical purposes in the 
United States only three species are important as vectors. They are Culex 
fatigans, common in the West Indies and South Carolina,- Anopheles 
( Nyssorhynchus ) albimanus, common in the Caribbean; and Aedes variegatus, 
common in the Pacific Islands. While such species as Anopheles costalis are 
very efficient vectors, a geographic consideration of its habitat, primarily 
confined to the West Coast of Africa, the small amount of travel and trade 
between those ports and North America and the long distance make it a vector 
of almost negligible consideration in this case. For many of the same reasons, 
Aedes variegatus becomes less likely as a vector in this case. Using the above 
methods of reasoning, we feel that the frequent contact between Baltimore 
and the Caribbean and Charleston, South Carolina, makes the Culex fatigans 
or Anopheles albimanus the most likely vector in this case. 

The question of this man as a carrier and a menace is worthy of mention 
only to rule out the danger. As pointed out by Manson-Bahr, 4 when fewei 
than one microfilaria were present in 2 c.c. of the patient’s blood, the appro- 
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priate mosquito frequently failed to acquire infection. In this case, t leie Nsa. - 
about one microfilaria per 3 c.c. of blood as averaged by oui concentra 
method before operation and about one microfilaria pei 5 c.c. ot > oot not . 
The usually accepted vectors are infrequent in this locality. We also know 
that some of the microfilariae are destroyed during then stay in the mosqui o. 

These facts together with the fact that both a male and a female must 
become lodged in the same area in man and then glow and de\elop t leu 
reproductive organs preparatory to bringing about a fecundated adult female 
parent before multiplication can take place, make this ease insigm can j- as 
a danger. However, if the patient were more heavily infected, he would be a 
potentially dangerous carrier. 

There is no accepted medication. Many clinics in the tiopics leport t e 
trial and failure of various intravenous medications. I was impressed with 
the reports of success still claimed by the staff of the Municipal Hospital of 
Fredericksted, St. Croix, Virgin Islands, while visiting there during the 
summer of 1932. The other hospitals in various parts of the Caribbean did 
not report such results. While the surgical treatment selected in this ease 
is primarily palliative and of no unusual significance, untold individual aid has 
been rendered this patient. 

SUMMARY AND CONCLUSION 

Wuchereria bancrofti infection may occur in persons living in the temperate 
zones who have not had any obvious contact with the commonly accepted 
vector. Such a case is here reported. 

We wish to express our appreciation to Doctors William H. Taliaferro and Clay G. Huff 
of the Department of Parasitology, University of Chicago, for their opinion in regard to 
this species of Microfilaria, and to Dr. Porter B. Lennox of the Department of Pathology, 
School of Medicine, Howard University, for taking and developing the photomicrographs. 
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THE TOXIN OF BACILLUS PROTEUS* 


Howell, Randolph, SLA., M.D., Phoenix, Arizona 


| ’HE toxic properties of cultures of proteus isolated from various sources 
lias been the subject of considerable study since the time of Hauser’s 1 
original description of the type organism of the proteus group when be demon- 
strated its pathologenieity for animals. 

That both solutions of the dried, sterile, powdered organisms and filtrates 
from cultures have definitely toxic effects has been repeatedly demonstrated, 
and Beugston- in summarizing the results of the work in this field states that 
“B. proteus vulgaris produces a weak soluble toxin, us compared with tetanus 
and diphtheria.” 

However, while agglutinins have been demonstrated in high dilutions fol- 
lowing immunization and in infections with the organism, and while a relative 
immunity to the usual fatal doses has been produced, there seems to have 
been only one demonstration of an antitoxin. Ilerter and Ten Broeck 3 were 
unable to establish immunity to the toxic extracts of the powdered organisms. 

Isabolinski and JudenitselP succeeded in preparing two culture filtrates 
containing immunizing antibodies of different degrees of effectiveness. The 
cultures were obtained from patients suffering from typhus fever and were 
grown on agar plates and in broth. The *‘H” form contained more im- 
munizing substances than the ”0” form, as shown on rabbits receiving lethal 
doses of the original culture. 

I have investigated the subject of antitoxin production in rabbits and 
attempted to form some idea of the relative toxicity of the filtrates for man. 

The strain of proteus employed was isolated from catheterized bladder 
and ureteral urine from a girl, twenty years old, with uncomplicated pyelitis 
due to proteus. 

The organism was a small gram-negative rod. motile in young cultures, 
gradually losing motility after the first twenty-four hours. On agar it spread 
rapidly over the plates forming a thin graj r film, covering the plate from four 
to five streaks in twenty-four hours. It grew more rapidly on blood agar 
than plain. It liquefied gelatin, naptiform in twenty-four hours, and com- 
plete in from three to four days at room temperature. Litmus milk was 
changed to acid and coagulated in from two to three days, peptonized and alka- 
line in five days. Nitrites were formed. No indol was produced. Acid and gas 
are formed in dextrose, galactose, levulose and saccharose (after three days). 
No acid or gas was produced on lactose, maltose, raffinose, arabinose, man- 
nitol, dulcitol, dextrin, glycerol, salicin, sorbitol and inulin. Sugar mediums 
were prepared by adding 5 per cent sugar to broth containing 1 per cent 
Liebig's meat extract 5 per cent Witte's peptone, and sodium chloride 5 
per cent. 

•From tlie John McCormick Institute for Infectious Diseases. Chicago. 

Received for publication. August 3. 1933. 
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RANDOLPH: TOXIN- OF IIACILLI-R PBOTErS 

Plain broth meHiiinis, »a n*d it. temontatioj, toots WraM^P, .JbO 
«• used «»r .rowing oni.tu-es in V*P™*£» oMhc ^ ^ fol . 

incubated from one to cloven days ■> ' ^ were us ed for the first 

contamination before filtering. I'd ■ ‘ orv” fitters ami tested for 

filtration ; the filtrate was then passed through " « «“ s a ‘ , 

sterility i,y both aerobic and anaerobic methods, eiiltming 

slants. 

EFFECT UPON RABBITS 

Tim rabbits used were young and weighed between 1,500 ' aud 2 000 Jim, 
averaging about 1,700 gin. The filtrate was infected, unless otherwise speufi , 
into the marginal ear A-ein. 

Ten cubic centimeters of the filtrate of a one-day culture caused no ap- 
parent ill effect. Ten cubic centimeters of the filtrate of a three- day ’«£>.« 
caused death in less than twenty-four Hours. The same dose o t h °f 
. five-dav culture failed to kill another rabbit but produced S ev er e . 
diarrhea' and moderate loss of weight. Five cubic centime te w , i the fiU.a 

of an eight-day eutlure caused wl tZ 

6 rabbits all doses above this weie fatal n 


Table I 


_ /sc OriTrpv fiROWN FOR VARYING LENGTHS OF TlAIE 

TUE ADM1NISTKATION 


RABBIT 

BOSE IN C.C. 

AGE OF 
CCLTUKE 

i 

n 

Broth control 

2 

10 

1 day 

3 

10 

3 days 


4 

10 

5 days 

o 

5 

8 days 

6 

0 

41 days 

t 

5 

11 days 

S 

1" 

11 days 

!i 

10 

11 days 

1(1 

10 

11 days 

11 

10 

Broth control 

12 

10 

Broth control 

13 

11 

11 days 

U 

1 

4 

11 days 

b*. 

O 

11 days 
( 3 mo. old 

16 

•J 

1 1 days 

(.'! mo. old 


RESrl.T 


Xo ill effects. 

Xo ill effects. 

Died in less than IS hours. Heart’s 
blood sterile. This rabbit had re- 
ceived 10 c.e. of broth control two 
days before without apparent ill 
effects. 

Diarrhea for four days, loss of 250 
gm. Recovery. 

Died in less than IS hours. 

Very ill next day. Emaciation with 
loss of considerable weight. Died 
in 16 days. 

Died in less than IS hours. 

Died in less than IS hours. 

Died in less than IS hours. 

Died in less than IS hours. 

Xo ill effects. 

Xo ill effects. 

Died in two days; 13 c.c. of blood had 
been withdrawn 2 days before with- 
out apparent ill effects. 

Died in 24 hours; 13 c.c. of blood 
had been withdrawn 2 days before 
without apparent ill effects. 

Lost 330 gm. in 4 days. Diarrhea 
was present on the first day and 
more marked on the second. Lost 
610 gm. in 7 days. 

Found dead in less than IS hours. 
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of % to 2 c.e. of a three-month-old filtrate killed 3 rabbits and produced 
severe illness in another. Doses of % c.e. and l]/> e.e. killed 2 rabbits from 
which 10 c.c. of heart blood had been withdrawn two and nine days before, 
respectively. 

One rabbit recovered from intramuscular injection of 5 c.c. of toxin 
which, when injected intravenously, killed rabbits of the same weight when 
administered in doses of less than 2 e.e. The rabbit injected intramuscularly, 
however, was sick and lost 20 per cent of its weight. 

To determine the toxin production in gelatin, cultures were grown for 
six weeks at room temperature, diluted with salt solution in proportion 1:4 
and filtered as described for broth filtrates; V/> c.c. of this dilution 
killed a rabbit in less than twenty-four hours. One cubic centimeter caused 
profound illness, with loss of 29 per cent of weight in three days. Control 
gelatin produced no ill effects. 

The results (Table I) demonstrate that less than 5 c.c. of filtrate from 
the eleven-day broth is usually a fatal dose for a rabbit weighing between 
1,500 and 2,000 gm. Doses of 2 c.c. or less caused either death or profound 
illness. Doses of 10 c.c. always killed in less than twenty-four hours. 

TOXIC EFFECTS 

The most characteristic reaction to the filtrate was diarrhea, the entire 
contents of the small and large intestines being liquid, with marked disten- 
tion. Microscopically there was a marked infiltration of the submucosa with 
leucocytes and lymphocytes, also hyperemia. The mucosa showed areas of 
sloughing and necrosis of the tips of the villi (postmortem). The Peyer’s 
patches were frequently enlarged. 

The kidneys were dark purplish red and showed areas of hemorrhagic 
infiltration with cloudy swelling of the cortex. 

The liver was somewhat enlarged, but usually it showed no marked micro- 
scopic changes. 

The heart was usually dilated and filled with a blood clot, the muscle being 
thin and flabby. Microscopically there were small areas of parenchymatous 
degeneration. 

Blood cultures were uniformly sterile; urine cultures showed no proteus; 
B. coli was present twice ; and spore formers, once or twice. 

ANTITOXIN PRODUCTION 

Five normal rabbits were selected and their serums tested for ability to 
protect other rabbits. Five cubic centimeters of their serum were allowed 
to stand at room temperature with 10 c.c. of the toxin onehalf hour befoie 
injection intravenously. (Table II.) 

Four of the 5 died quickly. The fifth survived after severe illness. 

To 3 of the rabbits from which serum had been tested, 7 weekly doses of 
eleven-day filtrate, increasing from 0.2 c.c. to 6 c.c. were given intramuscularly 
without apparent ill effects or loss of weight except slight diarrhea for two 
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Table II 

Effect of Isjecbos of Toxin 



41 

5 

4 

5 


9 
12 
7 >. 
11 


V ein p e r a 1 ur _ e > 

105° F. Loss of CSO gm. m It 
days. Recovery. 

Died in TS hours. 

Found dead in less than 18 hours. 
Found dead in less than 18 hours. 
Died with marked emaciation m a 
days. 


days m one, following the fourth dose. The fourth rabbit was given similar 

increasing doses of broth. . ttt \ 

Eleven days after the last dose, the serum was tested agai . ( 


Table III 

,Tiiv Tnviv With Sebum Feom Rabbits Which Had Been 
Effects of Injection of Eleven-Day Toxin w rra Toxin, the Control 

Dbionized by Seven Intramuscular Meekly Doses of iox , 

■Receiving the Equivalent Dose of Broth 


SERUM FROM 
RABBITS 

C.C. OF 

SEBUM 

C.C. OF 
TOXIN* 

Immune, A 

4 

10 

Immune, B 

4 

10 

Immune, B 

4 

10 

Immune, C 

4 

10 


Control 

4 

10 

Control 

4 

10 


RESULT 


Slight diarrhea next day. Lost 200 
gm. in 5 days. Well. Is ever weak. 

Died in less than IS hours. 

Lost 260 gm. in 3 days. Snuffles ap- 
peared on the third day. Recovery. 

Slight diarrhea. Lost 2T0 gm. in 3 
days. Xot very ill. Began to gain 
on third day. 1590 gm. on fifth 
day. 

Died in less than 18 hours. 

Died on third day, severe diarrhea. 


In 3 rabbits more than three times the lethal amount of toxin was neu- 
tralized by d c.c. of immune serum. In one ease 4 c.e. of immune serum failed 
to protect, but a second rabbit, after receiving the same amount of this anti- 
serum and filtrate showed only moderate loss of weight with slight dianhea 
and recovered. 

Four cubic centimeters of the serum from the rabbit injected with broth 
failed to protect in 2 rabbits, one dying in twenty-four hours, the otliei in 
three days. 

SKIN TESTS 

The results of intradermal tests on rabbits show first that susceptibility 
to the filtrate is comparatively low. However, of 13 rabbits tested, all but 
one reacted positively to the undiluted toxin, and in this one the reaction area 
was almost up to the 1 cm. diameter taken as a minimum standard for a 
positive reaction. 

Seven of the 13 rabbits were positive in dilution of 1:10, the reaction 
being less than 2 cm. in diameter in all but one. 

Two of the 4 rabbits, given increasing intramuscular injections of the 
filtrates weekly for six weeks, reacted negatively to undiluted toxin after 
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having been positive to 1:10 dilution before immunization. The other two 
showed definite diminution in the intensity of the skin reaction. 

Two rabbits which had been given transient bladder infections with the 
organism two months before reacted positively to a 1 :10 dilution in the skin 
test. 

To test the toxicity of the filtrate for man, preparations as described were 
diluted with normal salt solution, and the reaction of the skin to intradermal 
injections of 0.1 c.c. of various dilutions was observed eighteen and twenty- 
four hours later. A reaction area measuring 1x1 cm. or more, from eighteen 
to twenty-four hours after injection was considered a positive test. 

In susceptible persons, redness appeared at the site of injection shortly 
after the test was made, fading in an hour or less. About four or six hours 
later pinkness the size of the welt was present and gradually increased in size 
and intensity to its maximum which might be reached in six or eighteen 
hours; it usually began to fade after about twenty-four hours and disappeared 
in from forty-eight to seventy-two hours. With well-marked reactions 
the color on the second day was brownish red fading to brown. If the reac- 
tion was fairly intense, from slight to moderate induration was present with 
elevation at the site of injection. 

Freshly filtered and diluted toxin was found to give a positive test in 1 
of 2 adults and 4 of 13 children (from three to six years old) in a dilution of 
1:255,000. The reactions were faint. This solution was found to deteriorate 
rapidly, two weeks later giving a negative test in the previously positive 
persons. 

Tests made at intervals during four and one-lialf months with 1:5,000 
dilutions were positive. The last tests were about two-thirds the size of the 
first, indicating a slight deterioration at ice box temperature. 

The solution, heated for one hour at 100° 0., was used as control and was 
found to give only slight redness at site of injection, or negative tests. Test 
solution heated for two hours at 100° C. showed no redness at site of injection 
in twelve cases reacting positively to the unheated toxin and faint reactions a 
centimeter or less in diameter in two cases. 

Strains of the organism kept on blood agar for three months retained the 
ability to produce a highly toxic filtrate. One such filtrate (eleven-day cul- 
ture) gave a positive skin reaction in one and a negative skin test in 2 adults 
in dilution of 1 :50,000. This filtrate two months later gave a negative test in 
the susceptible person in dilution 1 .-20,000, but was positive in dilution 1 :10,000 
and strongly positive in dilution 1 .-5,000. The skin test area was slightly 
larger in the ease of this filtrate than in that from the freshly isolated strain. 

CONCLUSIONS 

B. proteus produces a toxin, the toxicity of the filtrate increasing with the 
age of the culture. Toxin production is about four times as great in gelatin 
as in peptone broth. The sterile toxin injected intravenously into rabbits 
causes diarrhea, loss of weight, and death. 
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COCAKE POISONING AS INFLUENCED BY DIETS- 


Preliminary Report 


X. 3. Redzel, M.D., Chicago, III. 


• 11 - v.ritir alkalinizing and acidifying tendency , 
-THE rullueuee o£ drets, eapecraib ^ J nlleotio „ with phosphorus 

1 has been P revl< T ly ^ ted in altering the acid-base balance of rabbits 
poisoning. We have been interested 1 seasonal diets an d climatic changes. 

as a basis for studies in connection reafrents that might help us in this 

Hoping that we may find, m certain d ’ , ° rab bits intended to alter then- 

study, we undertook feeding expense ^ animals toxie doses 0 f cocaine. 

acid-base equilibrium, and then mjeete - • renort seem 

The results have been sufficiently striking to make tins preliminary report 

kMr “y le 'h d iu theS e experiments various diets that will promote a prev- 

alence adds or bases in animals in the normal physiologic hunts without 
causing anv noticeable pathologic changes in them. 

Fortv-eight experiments were performed on thirty rabbits lhe.se experi- 
ments were divided into three series of sixteen each. In each senes before 
the performance of an experiment, the animals were kept on certain diets tor 
a period of three weeks. In the first series, the animals were kept on oatmeal 

' r Frum u „. Department of Bacteriology P^Uvc Medicine, and the -Department of 

I’liarmacolosy. I'ntverMty of Illinois. ColltCe of^ Medicine. 

Received for publication. August It*. 1944 . 
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and water,- in the second series, on carrots; and, in the third, on oatmeal, 
water, and carrots. During the dieting the urine of the animals was tested 
daily for its reaction (Polin’s method). From the second week on the urine 
of rabbits of the first series of experiments showed distinct and stable acid 
reaction (from 14 to 60) ; the urine of the animals of the second series was 
persistently alkaline ; and that of the third series, slightly alkaline or neutral. 
In the third series of experiments, the same eight rabbits were used twice; the 
animals of the first and second series of experiments were changed from one 
diet to another. Ten rabbits withstood these experiments and were on botli 
diets, and six succumbed, so that the latter had to be replaced by new animals. 

The experiments consisted of injections of cocaine into the marginal ear 
vein of a rabbit. The injections were performed uniformly, the duration of 



Chart 1. — The perpendicular line shows the number of rabbits. The columns on the hori- 
zontal lines are grouped by the time that elapsed from the moment of cocaine injection (1. 2. 
4, 7, 10, 15, 20, 30, 45, and 60 minutes) and represent the degree of reactions (see chart) and 
number of animals. Each group of columns represents the same animals, reacting differently 
at various time intervals. The animals that died or recovered at certain' times of observation 
are not shown in the following coliiLin. 


injection being about 10 seconds. The dose of cocaine was 10 mg. per kilo. 
After injection, the animal was observed as long as symptoms were manifest. 
The degree of intoxication was recorded by checking the (1) death, (2) con- 
vulsions, (3) complete prostration without convulsions, (4) recovering (crawl- 
ing, lifting head), and (5) recovery. Before the injection of cocaine a certain 
amount of blood was withdrawn from the ear vein and tested for its hydrogen 
ion concentration. The average Ph of the blood of the rabbits on acid diet 
was 7.301, on alkaline diet 7.426, and mixed diet 7.423, which showed that the 
rabbits in our experiments were within the limits of the norma J acid-base 
balance. 
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2. The animals on aeiMonmng .l.et were aefta.tel} ic 

eoeaine poisoning. line were recorded four deaths: and. in „ si(ta . aW v 

effects of the cocaine were definitely greater and reeo\er> 

observations presented suggest the investigation 
other powerful drugs in connection with their action upon the annual , o. a 
in various state, of acid-base balance. Only then would it be pcm.ss.ble to 

speculate upon the reason for the difference notec . intravenous 

4. It may be possible, that, in acute cocaine potsomng tl.e .ut avenous 

injection of alkali might be of benefit for the poisoned individual ; exp 

ments upon animals, to test this question, aie cal ec 01 • 


NASOPHARYNGEAL FLORA 
RELATION 


AND SOME REMARKS AS TO THEIR 
TO COMMON COLDS® 


K. Yakdumian, M.D.. and Estelle Leo ax Lightner. B.S. 


Pittsburgh. Pa. 


nriLE common cold is generally defined as an acute or subacute infection of 
l the mucosa of the nasopharynx, often invading the sinuses and occasionally 
file middle ear through the eustaehian tube. At times, it may also extern 
through the trachea, larynx, and bronchial tree. Fmtheimoie. it ma> eaie a 
chronic condition locally or elsewhere. 

Although the common cold is considered the mildest and least serious of 
nil known common diseases, yet it is most frequent, annoying, and depressing; 
and it often results in the lowering of resistance of the individual, thus making 
him prey to more serious diseases. Generally speaking, no one is exempt fiom 
attacks of colds. Some have occasional attacks, others frequent attacks. One 
may have mild infection, while others have severe ones. In either case, it lessens 
the efficiency of the worker, resulting in great total loss economically. 

A tremendous amount of experimental and research work is cairied on 
eimee riling common colds, both in this country and abroad. Medical periodicals 
have published voluminous articles on etiology, pathology, and treatment of 
this condition, rnfortunatelv. it seems we are still wandering in tile dark and 
Very little has come to tight which points to a definite conclusion about this 
common ailment. 

In reviewing the literature on this subject, within the last few veal’s, one 


th«* Hospital. Dfparlmvnt *»f IkuJwlD^ry. I.-.iao Kaufmann Foundation. 

U'uivul f»»r puhHcatitin. Au^urd 16 . 
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finds that quite a few well-outlined and definite studies have been carried on by 
various workers. I will quote briefly the conclusions of some of the papers: 

Prom their cultural studies of nose and throat of 105 adults and children, 
Webster and Hughes 1 isolated pneumococci in 80 per cent of cases, and out of 
500 pneumoeoccie strains 97 per cent were serologically specific. Successive 
cultures from given carriers, with rare exceptions, had a constant serologic type 
and were similar in type of colonies, morphology, virulence for mice, and in 
other biologic characteristics. They conclude also that the incidence of pneu- 
mococci in all individuals studied undergoes seasonal variation paralleling that 
of coryza and sore throat in the same person. Third, some patients were 
pneumococcus-free; some were transient carriers; some periodic, and others 
chronic carriers. The data suggest that these differences are due to variations 
in the host, resistance. 

According to the observations made by Webster and Clow- of the association 
of pneumococci. Hemophilus injiuenzue and Streptococcus hemolyticus with 
coryza, pharyngitis, and sinusitis in man, they came to the conclusion that per- 
sons free of those organisms mentioned above are. in general, free of coryza, 
sore throats, influenza, and sinus diseases. Also they found that persons who 
are occasional or periodic carriers of these organisms may be negative on tests 
carried out during long healthy periods, but that they generally become posi- 
tive during or following attacks and subsequently become negative again with 
returning health. 

Third, their data suggest that persons who are chronic carriers show during 
these illnesses an increase in the number of organisms in the throat and wider 
distribution of these organisms in the air passages. These observations bring 
out the intimate relationship between pathogenes of upper respiratory diseases 
and their symptoms, but they do not disclose the actual nature of this relation- 
ship. 

In their experimental studies of the common cold, Dochez, Sliibley. and 
j\Iills 3 state that in both spontaneous and in experimentally induced colds in 
anthropoid apes, the most significant change that occurs is the increase ot 
activity on the part of the potential pathogenes habitually present in the 
throat flora. Coincidentally, with the appearance of symptoms, they found 
that pneumococci, Streptococcus hemolyticus and Pfeiffer’s bacillus developed 
in greatly increased numbers and spread over wide areas of nasopharyngeal 
membranes. These organisms become, after a time, conspicuous in the nose 
where they are seldom or never present under normal conditions. This has 
also been observed in human beings. Furthermore, they emphasize the fact 
that these organisms are secondary invaders and that the most significant 
factor in common cold pathogenesis seems to be their capacity to incite greater 
activity on the part of the more dangerous pathogenic organisms which infect 
the upper respiratory tract. 

D. Thompson and It. Thompson, 4 in an extensive article, stress several points 
on common colds ; that the common cold is not a definite single disease, but a 
group of diseases caused by several different species of organisms and other 
factors. According to their classification, colds are divided into three groups: 
(1) bacterial; (2) allergic'; and (3) virus colds. 
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The bacterial flora of the healthy respiratory ti act The 

great variety but has not been thoroughly generally found; 

streptococcus is the most common orgams c J . , ,, j n fi uen ? a e 

next in frequency of occurrence are the pneumococci and , >”/*“ 

The following are observations made m infants 
years bv Kneeland and Dawes/’ In two severe win ei ou noted The 

infection, a parallel rise in carriers of pathogenic 
first autumn outbreak of colds seemed to provide the dis. 
genie organisms. The relationship of colds to the more sevete “fectaons 
roughly reciprocal. The peak of the carrier rate was reached tn ■ I 

seemed that Hemophilus influenzae was more predominant in the first yeai, 

pneumococci, in the second year of the study. , , , nnr.tie/ 

Recent Judies of filtrable viruses as etiologic factors of 
Shibley and Mills" suggest that the contagious cold m human ^ belongs 
by an invisible and unculturable, filtrable agent wuc , 1 -L i ” 

to the group of so-called submioroseopic viruses. Colds can be i- n. 
cessfully, they state, from man to chimpanzee and from man to man by meam 
of Berkefeld filtrates of nasal washings obtained from indiudua s s o 

. with spontaneous colds, more especially during the period of rising incidence 
of infection in the community. This experimental cold resembles m all respects 
those spontaneously contracted in the natural environment. 

Cultivation of the virus of the common cold by Powell and Clowes imp les, 
according to their work, that 80 per cent of subjects used expenmenta y eon 
tracted inoculated colds. No subjects were used except those who had no history 
of colds for two months and showed records of two or three colds per year. 
They were inoculated during that period of the year when colds were not prev- 
alent. This verified the conclusion of Dochez that the virus of the common cold 
is easily cultivated in an appropriately prepared chick embryo and is readily 


transmitted to human subjects. 

Burkey and Freese 6 lay* claim to isolating a gram-negative filtrable 
anaerobic organism in 92 out of 114 examinations of individuals in widely 
separated communities. Positive cultures were obtained fiom persons with oi 
without colds both during the acute and the later stages of the disease. The 
strains which were cultivated were prevalent in normal throats as well as in the 
nasopharynges of persons suffering from colds at the time. -More satisfactory 
results were obtained in filtering the nasopharyngeal washings through a 
Berkefeld V-filter. This series of examinations was too small to lead to definite 
conclusions. The results indicate, however, the presence of these organisms in 
material from the mouth as well as the pharynx. 

In studies concerning the prevention and treatment of colds with vaccine, 
Murray 3 compared a group of 85 persons who were 100 per cent susceptible 
to colds with a group of uninoculated controls, within a period of six months 
covering the seasons of prevalence of colds. Figures and clinical experience 
with a mixed catarrhal vaccine in that clinic have shown that vaccine therapy* 
oilers as much, if not more, than any* other preventive measure tiiat. has been 
tried against colds. It is well worth the while to try this ty'pe of preventive 
measure in persons susceptible to colds. 


sso 
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Three years of experience with stock vaccine in colds and in the preven- 
tion of respiratory disorders, according to one observer in the literature, 
indicated that the value of stock vaccines varies with the individual subjected 
to the therapy. 111 

The purpose of our study was.- 

(a) To isolate the organisms in tiie nose and throat of individuals having 
-frequent colds, during the acute attack. 

(b) To study in a like manner a number of individuals without colds, 
or relatively immune to colds. 

(c) To carry through parallel cultures of these organisms in hormone 
broth and in the blood of the subject. 

(d) To prepare vaccines from these growths found in the autogenous 
blood and to attempt the immunization of the subjects with these vaccines. 

(e) To attempt, incidentally, to determine the effects of tonsillectomy 
on the frequency of colds. 

These studies were carried out on patients visiting the Out-Patient 
Department of the Montefiore Hospital. Cultures were taken from 200 
patients. From these, 100 were chosen as controls because they had had no 
colds for a long period of time. The other 100 patients gave histories of 
frequent colds throughout the year. A few of these complained of regular 
seasonal colds. In this series 82 were males and 118 females; 64 had had 
tonsillectomy ; 106 had tonsils intact. 

The culture technic was carried out as follows: The throat of each 
patient was rinsed with sterile salt solution. A cotton swab was then rubbed 
against the pharyngeal wall and a second swab was contaminated in the 
nostril. Special care was taken not to contaminate the swab by touching the 
floor of the mouth. These swabs were placed in nutrient broth, incubated for 
from 24 to 48 hours, and subcultured on blood agar plates. Parallel with 
these broth cultures, swabs treated as described above were placed in from 
3 to 5 c.e. of fresh whole blood obtained from the patient’s vein. After 24 
hours of incubation, a drop of this blood was plated and the colonies result- 
ing were identified. 

Finally, vaccines were prepared from the organisms isolated in the autog- 
enous blood cultures and the patients who were highly susceptible to colds 
were inoculated. The technic of preparation of the vaccine was as follows: 
A 48-liour growth of the orgauism isolated in the autogenous blood medium 
in each ease and subcultured on hormone broth was treated chemically, utiliz- 
ing saturated tricresol solution, giving a final dilution of 0.5 per cent tricresol 
in the vaccine. In 48 hours this was tested for sterility. The vaccine was 
administered in a starting dose of 1 ill, twice a week and was progressively 
increased to a maximum of 15 iff twice a week. With this technic, the 
patient received the benefit of the activity of both the bacteria and its 
elaborated toxin in broth media. Patients who were highly susceptible to 
colds were inoculated with vaccines prepared according to the method just 
mentioned. The number of patients that received regular treatments thus 
far was only seventeen, and it is hardly fair to draw final conclusions. Ten 
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will be given at the end ot ti ea 

Results of the studies: „ (Mlpra llv showed a mixed growth 

(a) The cultures in hormone no 1 r ntocoeC i. pneumococci, Miaococcus 
of various ovganisms. ^.negative cocci and tenth. 

edarrUis, and unidentified Siam ^ generally sliovvet a 

(b) Cultures in autogenou. 

organism, but occasionally moie tia ^ cU lture and in autogenous 
Incidence of various bac ena 
cultures. Tm«f 1 

....... -V \Sorn.VKVXGES IS ACVOGESOTSB^ 

Two HUNDRED Cel.Tl 1. ~ 
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Staphylococci 
Streptococci 
Pneumococci 
Micrococcu.1 co-tarrhoys 
Gram-positive bacilli 
Gram-negative bacilli 
Sterile 


S CUBER 
126 
78 
61 
S 

12 
1 
40 


PERCENTAGE 


63 

39 

32 

4 

6 

o 

20 


Table If 

- — «-!=r!SS«5 


ORGANISM 


Staphylococci 
Streptococci 
Pneumococci 
Micrococcus catarrhal'* 
Gram-positive bacilli 
Gram-negative bacilli 
Sterile 


51 . 

41 

38 ' 

4 . 


55 

53 

52 

45 

10 

45 

0 


4 

5 

10 


Table III 

. . p, TIF v T c susceptible to Colds 

One Hundred Cultures From :C.\sorHAKVNGtsj__^ == 

== Ti.r.vir MEDIUM autogenous blood 


organism 


Staphylococci 
Streptococci 
Pneumococci 
Micrococcus catarrliali g 
Gram-positive bacilli 
Gram-negative bacilli 
Sterile 


BROTH MEDIUM 

64 
50 
38 
22 

11 

5 
0 


autogeno us blood 
63 
39 
31 
4 
6 
O 

21 


Vital vsis- Tables II and ill may be compared. The former applies to the 

, , . . i f _ f rom colds. The latter ls descriptive 

100 controls who were, as stated, tne irom 

of the flora found in 100 patients who were susceptible to colds. Ihe h 
number of cultures showed staphylococci, considering the entire -00 cultures 
Next in the same group we found streptococci and pneumococci to , be mo 

...l .... ..........I it should lie noted also that _0 pel cent ot the 
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According to the theory propounded by Dr. Meyer Solis-Cohen and coworkers 11 
an organism is pathogenic to the individual only if it is grown in his blood; 
and failure to do so indicates resistance in the individual to the organism. 
Ilis findings, further, have been confirmed by others; notably Bull and Bar- 
tual, 1 * Black. Fowler and Pierce, 1:1 Smiley. 14 and T. Matsunami and J. A. 
Kolmer. 15 


CONCLUSIONS 

1. Individuals who are free from colds, and those who have frequent 
colds show no notable difference from each other in their nasopharyngeal 
bacterial flora. 

2. The resistance of the individual is probably a more important factor 
in susceptibility to colds than is the nasopharyngeal bacterial flora. 

3. Vaccines prepared from cultures of organisms of the nasopharyngeal 
flora on autogenous blood media (pathogen selective) appear to have given 
relief from the tendency to the common cold in 59 per cent of the cases. 
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laboratory methods 


A SIMPLIFIED MICRODETERMIXATION OF rER0,J 

WHOLE BLOOD, SERUM, AND P * • - * 

Jonas Kameet, B.Sr., Brooklyn'. N. Y. 

"THE basis of all colorimetric methods for the deterimnatxon of cholesterol 
1 the Liebermann-Burchard reaction, which 

chloroform solution of the blood cholestero . oor solvent and dis- 

ing the cholesterol with hot alcohol ether, evaporating 

solving the residue in chloroform. This met . h ° ’ ^bomtories Other methods 
cation of Sackett 2 is most widely used m J Warde u») or on filter 

dry the blood on plaster of Pans at 100 L. d ; n SDe eial 

paper in air (ling* and LeibofF) and extract with hot chloroform in speerat 

continuous extraction apparatus. . . „ , A + i, e 

The use of heat oeeasioualiy produ«. * JXe tritd 

unknown, which renders colorimetric comparison 1 tem 

to determine if the extraction of the cholesterol may be eftec ted at omto 

perature without the use of complicated extraction appan • • chloro 

experiments showed that the cholesterol is quantitatrvely extracted bj c 
form from blood dried on filter paper in two hours at room W e ^t- 
Therefore, the following procedure was adopted for the determination of cho- 
lesterol in blood. 


PROCEDURE 

On an ordinary 7 cm. filter paper, preferably ashless, deposit 0.2 c.c of 
oxalated blood, serum, or plasma. Work the paper around until the liquid 
is distributed fairly evenly over the surface and then suspend it bj means of 
a thread or wire strung through an unstained area m an incubator at from 
35° to 40° C. After from twenty to thirty minutes the blood is comp e e y 
dried. Roll the paper up compactly ; fold into quarters and deposit it in the 
bottom of an ordinary 6 inch x 1 inch test tube. Into the tube, pipette 10 c.c. 
of chloroform; cork, and set aside for at least two hours. During this period 
the chloroform should completely cover the folded filter paper. In this man- 
ner a quantitative extraction of cholesterol from dried blood, serum, or plasma 
is effected without the use of heat, thus avoiding the occasional appearance of 
an off-color. Now, pipette 5 c.c. of the eliloroform solution into an ordinary 
test tube. Into a similar tube place 5 c.c. of the working cholesterol standard.! 

•From the Department of Laboratories. Israel Zion Hospital. 

Received for publication, August 11. 1333. 

IStock Cholesterol Standard: Dissolve 1 gm. C.P. cholesterol in chloroform to make 100 c.c. 
of solution. 

Working Cholesterol Standard : Dilute 3 c.e. of the stock cholesterol standard with 
chloroform to make 1000 c.c. of solution : 1 c.c. contains 0.05 mg. cholesterol. Both standards 
keep indefinitely in a refrigerator. 
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To each tube add 2 e.e. of acetic anhydride and 0.2 e.c. of concentrated .sul- 
phuric acid. Stopper, mix by inversion and allow to stand for fifteen minutes 
in a cool, dark place. Compare in the colorimeter. 

Comparison : 


Reading of standard 
Reading of unknown 


x 250 = mg. cholesterol per 100 c.c. blood. 


Set unknown at 25 mm. and compare. The reading of the standard multiplied 
by ten gives the milligrams of cholesterol in 100 c.c. of whole blood, serum, 
or plasma. 

This method is especially suited for use in clinical laboratories where the 
determination of cholesterol is conducted as part of a routine. The blood may 
be dried and allowed to extract with chloroform while the remainder of the 
routine is carried on. The actual working time per determination is from four 
to five minutes. 

This procedure was conducted on 125 specimens of blood, serum, and 
plasma ranging in cholesterol content from 76 to 5S5 mg. per 100 c.c. and 
checked by the Bloor-Sackett method. In all eases, the results obtained agreed 
within 9 mg. per 100 c.c. with an average difference of 3.55 mg. 


SUMMARY 

Blood is dried in air on filter paper, extracted with chloroform at room 
temperature for at least two hours, and the Liebermann-Burchard reaction is 
conducted on the extract. 


REFERENCES 

1. Bloor, W. IE, Pelkan, K. F., and Allen, D. M. : Determination of Fatty Acids and 

Cholesterol in Small Amounts of Blood Plasma, J. Biol. Cliem. 52: 191, 1922. 

2. Sackett, G. E.: Modification of Bloor 's Method for the Determination of Cholesterol in 

Whole Blood or Blood Scrum, J. Biol. Cliem. 61: 203, 1925. 

3. Myers, V. C., and Wardell, E. L. : The Colorimetric Estimation of Cholesterol in Blood, 

With a Note on the Estimation of Oorposterol in Feces, J. Biol. Cliem. 36: 117, 191S. 
1. Ling, S. M. : The Determination of Cholesterol in Small Amounts of Blood, J. Biol. Cliem. 
76: 361, 192S. 

5. Leiboff, S. L. : A Simplified Method for Cholesterol Determination in Blood, J. Biol. Cliem. 
61: 177, 1921. 



EXAMINATION FOR TUBERCLE BACILLI® 


Mary Van* S. McCoy, New York, N. Y. 


T/’OERTH and Hibbard' have recently reported a comparison of methods 
for staining tubercle bacilli, based on the use of three stains. They 
claimed better than 25 per cent advantage for the Spengler stain over the 
Zield-Xeelsen method. The Behulte-Tigges method, though nearly as efficient 
as the Spengler by their test, was ruled out as more difficult and more subject 
to errors in teelmic. 

We have examined one hundred spilt urns chosen at random, except that 
they had been reported negative or contained less than six bacilli with the 
Ziehl-Neelsen technic. Fifty were twenty-four-hour specimens, the other 
fif ty being collections over a period of three days. 

When the results were being tabulated, it was found that seventy-one 
patients were represented, covering all stages of the disease. A large number 
had never given a positive sputum by direct smear, nor had guinea-pig inocu- 
lations proved a diagnosis of tuberculosis on many of them. 

A five-minute time standard was used. By “positive" is meant that 
Slx or more bacilli were found during this period. In a “negative," no 
Bacilli were found during a five-minute search. If less than six bacilli were 
keen during the five-minute interval, the number is given. 

The results are shown in the following table: 


■STAIN 


NEGATIVE 


'fivM-Neeisen 

fycngler 


POSITIVE, MORE 
THAN G 
BACILLI 


LESS THAN 0 
BACILLIf 


NUMBER OP 
SLIDES SHOWING 
BACILLI 


95 

85 


0 

105 


o 

15 


tXot rccognizc-d as positive by some authorities. 

found by the 

f he conclusion is drawn in favor of the Spengler method. We j )aVf> 
so tound the method satisfactory in tissue staining. 

A second study was made on the comparative value of two concentration 
ions, the hydrogen peroxide 2 and the antiformin method. 2 

eascfwhL ] 0< i' U ! C “ riCS WUS Sh0rt - Examhlations made of some twenty 
eoverh l v U i g,VC ? IK ' gatlves in from one examination to examinations 
° mouths. Some had never given a positive. 

Lx-ecpt when guinea pigs were to be inoculated, the tests were 

’■arito,, c, b r :, r‘ir 

■m_un„t,.r,l,.. wore us-,1 by both mollio.ls. Ti.berolo W-illi 1 i„ , ht . 

;rrr v 1 , x™ York. 

n«c«u>a fur imbUc.iUf»n July 13 . 1333 . 
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and spleen of an inoculated guinea pig proved that the organism remained 
A'iable after being subjected to the hydrogen peroxide treatment. 

The two procedures cheeked closely, one more positive slide being found 
by the peroxide concentration than bj 1 - the antiformin method. As this pro- 
cedure was much less time consuming, making it possible to report the result 
of an examination on the day the specimen was received, it was chosen as our 
routine. In a group of two hundred specimens (all of which had been negative 
at the examination immediately preceding) treated by this method and cen- 
trifuged fifteen to thirty minutes at fairly high speed, we were able to report 
thirty-one positives and the presence of a few bacilli (less than six) in four 
other cases. This made thirty-five concentrations, or 17.5 per cent, showing 
organisms when from one to many previous examinations had been negative. 
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HEMOGLOBIN AND BLOOD CELL RELATIONS AS DETERMINED BY 
IRON AND OXYGEN CAPACITY METHODS* 


G. 0. Broun, M.D., and A. P. Briggs, M.D., St, Louis, Mo. 


IN A recent article Haden 3 has summarized the various methods employed 
* for the determination of hemoglobin and the present state of knowledge 
regarding the normal hemoglobin content of blood. He points out a certain 
lack of agreement in the three largest series of determinations of hemoglobin 
in normal men and women. The oxygen capacity hemoglobin method of Van 
Slylce was the basis of comparison in the series quoted, namely, those of 
Osgood, 5 Wintrobe and Morell, 8 and Haden. 4 The absence of any large series 
of hemoglobin determinations in normal individuals in which iron determina- 
tions are used as the basic method is noted by Haden and also pointed out as 
desirable by Peters and Van Slyke. 0 

AVe are, accordingly, reporting hematologic studies on a number of 
patients and normal individuals of both sexes, in which the hemoglobin deter- 
minations were based both on the oxygen capacity and the iron content of 
blood. 

Most of the individuals examined lived in or near St. Louis, although 
some were medical students who had spent the greater part of their lives 
in other localities in this country. Twenty-three normal men and thirteen 
normal women were studied. In addition observations were made on thirty 
patients ill with various conditions. 

♦From the Department of Internal Medicine, St. Louis University. 

Received for publication, July 3, 1933. 
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iiFMOfLQBlN' .VXD BLOOD CELL RELATIONS 
BUOUX-B 1 UGOS : HEMOGLOBIN 

syringe from which it i\as de 1 solution All work was done on 

exactly 3 «. of 1.6 per cent sodium dilution with Ilayem’s 

the mixed dilution so obtained. A 

Table I 


HEMOGLOBIN 


V. 

GRAMS 

PER 100 C . c . BLOOD M 

X S 

x H 

5 X 

> 

X £ 

’£ ^ 

5* £ 

X < 

X 

X 

S | 

x 


i 

18.30 

17.76 

18.03 

18.03 

o 

18.18 

17.48 

17.71 

17.79 

3 

18.00 

17.54 

17 .50 

17.68 

4 

17.68 

17.75 1 

17.28 

17.57 

5 

17.60 

17.61 

17.10 

17.44 

6 

17.10 

17.10 

17.70 

17.30 

7 

17.65 

17.30 

16.88 

17.28 

8 

17.30 

16.90 

17.25 

17.15 

9 

17.10 

16.89 

16.63 

16.87 

10 

17.00 

16.82 

16.59 

16.80 

11 

16.41 

16.66 

16.88 

16.65 | 

12 

16.70 

16.10 

16.68 

16.49 

13 

16.50 

16.40 

16.48 

16.46 

14 

16.58 

1 16.58 

16.20 

16.4-) 

15 

16.48 

16.20 

16.38 

16.35 

16 

16.54 

10.21 

15.75 

16.17 

17 

16.80 

15.92 

15.53 

16.08 

18 

16.04 

16.06 

15.47 

| 15.86 

19 

15.67 

15.84 

15.80 

15.77 

20 

15.6 f 

15.51 

16.11 

15.74 

21 

15.51 

15.51 

15.91 

15.71 

22 

15.5 

15.0 

) 15.11 

i 15.23 

23 

15.2 

5 i 15.01 

I 15.1 

9 15.12 


z 

•2 3 M 


Y, r* 
- y. 


5.280 
5.400 
5.320 
5.920 
5.420 
5.480 
5.600 
4.910 
5.380 
5.270 
4.740 
5.760 
5.560 
4.920 
4.780 
5.100 
5.200 
5.060 
5.020 
5.226 
5.360 
5.500 
5.560 


17.07 

16.48 

16.62 

14.83 

16.11 

15.78 

15.42 

17.45 

15.69 

15.93 

17.56 

14.31 

14.79 

16.75 

17.11 

15.84 
15.45 
15.67 
15.70 
15.06 
14.65 

1 13.84 
I 13.60 


6 ^ 

X 

6 s * 

£ Y* 
o t, 

S ’. 

£ Y 
? 1 1 

X 

2 

££ 

5 Y\ 

p X 

X 

s ? X 

1 1 

3.43 

119 

1.12 

4 s . 7 

1.07 

1.05 

3.29 

118 

1.09 

48.8 

1.05 

1.05 

3.34 

117 

1.10 




2 97 

116 

0.98 

48.0 

0.94 

1.05 

3.24 

115 

1.06 

46.6 

1.00 

1.06 

3.16 

114 

1.04 

49.5 

1.05 

0.99 

3.09 

114 

1.12 

47.5 

0.98 

1.04 

3.49 

113 

1.22 

47.5 

1.12 

1.03 

3.13 

111 

1.03 

46.2 

1.00 

1.04 

3.19 

111 

1.05 




3.51 

110 

1.16 

47.0 

1.15 

1.01 

2. S 6 

109 

1.04 

50.0 

1.01 

0.94 

2.96 

109 

1.08 

45.5 

0.95 

1.03 

3.34 

109 

1.11 




3.42 

108 

1.13 

44.1 

1.09 

1.04 

3.17 

107 

1.05 

45.8 

1.04 

1.01 

3.09 

106 

1.02 

46.6 

0.99 

1.07 

3.14 

105 

1.04 

4 c >.4 

1.04 

1.00 

3.14 

104 

1.04 

43.8 

1.02 

1.02 

3.02 

104 

0.99 

44.0 

0.98 

1.01 

2.93 

104 

0.97 

46.1 

1.00 

0.97 

2.77 

101 

0.95 

45.5 

0.97 

0.96 

2.72 

100 

] 0.94 

| 44.9 

0.94 

0.96 


Table IX 


Hemoglobin and Cell Relations in Normal Women 


*1 

GRAMS 

HEMOGLOBIN 

PER 100 C.C. BLOOD 

r. 

Y. 

O 

V- “ 

O 2 2 

U .. /' ; 

p X " 

X r* 

zr x 

l 11 

1 ^ 

>. 

X 

2 HZ 

H *-* 

1 ~ ~ 

X 

S Y 

7. 

X 

X 

2 

3 X 

X 

X 

2 

o 

i X 

X 

■< 

11 

X 

o ^ 

V- ? 
x s 

x 5 

Si 

X £ 

V* 

X < 

i O r w 

X 

1 = 

X 

X 

£* 2 

111 

IKS 

15.90 

15.24 

15.02 

15.39 i 

4.78S 

16.07 

i 3.22 

' 102.0 j 

1.0S 

43.0 

1.09 

1.08 


15,50 

15.14 

15.30 

15.31 

4.020 

15.57 

I 3.16 

101.0 

1.07 

43.2 

1.02 

1.07 


15.33 

15.16 

15.41 

15.30 

4.900 

15.01 

, 3.19 

! 101.0 1 

1.03 

42.7 

1.01 

1.04 


14.53 

1 LS5 

15.30 

14.89 

1 4.840 

15.39 

3.0.8 

9.8 .4 | 

1.02 

42.0 

1.01 

1.04 


14.29 

14-OS 

14.64 

14.34 

1 4.S60 

; 14.75 

, 2.115 

94.S 

0.98 

40.9 ! 

0.98 1 

1.03 


14.51 

13.98 

13.98 

14.16 

1 4.680 

j 15.12 

3.03 

95.5 ! 

0.90 

41.0 

1.01 

1.01 

30 

14.40 

13.SS 

14.17 

14.15 

4.280 

! 16.54 

3.31 

93.5 

1.09 

40.0 

1.09 

1.07 

31 

1 14,20 

13.SS 

13.82 

13.97 

4.0SO 

i 14.93 

2 .OS 

92.3 

0.99 

40.8 

1.02 

1.04 


14.20 

13.20 

13. SS 

13. S3 

4.n70 

14.20 

2.84 

91.4 

0.94 

38.2 

0.91 

1.00 


13.40 

12. si 

13.19 

13.13 

r».i >:oi 

13.00 

2.61 

| S6.S 

0.86 

39.3 

0.91 

0.95 

Kl 

1 12.5o 

12.90 

13.00 

12. M) 

2. s3 1 

13.25 

1 2.1 >5 

J S4.<3 

0.87 

1 57.5 

0.99 

1.00 


1 12. SO 

12.52 

12.90 

12.74 

5.228 

, 12.12 

, --44 

i S4.1 

0.80 

I 39.8 

0.88 

0.87 

P 

1 12.40 

12.00 

12.15 

12.1S 

i 4.240 

, 14.36 1 2.87 

! 80.2 

0.95 

i 36.4 

0.99 

0.96 





888 


THE JOURNAL OP LABORATORY AND CLINICAL MEDICINE 


Table III 

Observations on Patients 




HEMOGLOBIN 


&T , * 
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'A 

& 
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5 
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OR 

DIAGNOSIS 

>4 
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si 

£ ^ 
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© 

1 a 

A 

3 ^ 

3 A 

'A 

O 

c* 


w o . 
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a 

S ~ 

•—> A 

© 

O 
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© ^ 
o ^ 

§ 
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3 
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© 

5 

— 
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£ ^ 
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£ 

< 

c-» < 

u 
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« £ 

U 


> 

CO 
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Familial Hemolytic 

17.40 

17. 0S 

17.35 

17.28 

5.530 

15.4 

3.09 

113.0 

1.02 

1 46.6 

0.91 

i 1.05 

Icterus 













72442 













Lethargic Enceplml- 

17.15 

16.80 

17.18 

17.04 

5.590 

15.2 

3.05 

lUpI9 

1.01 

4S.8 

1.01 

IfiTml 

itis with Vomiting. 
Free IIC1 present 













71S74 













Amenorrhea with Gen- 

16.70 

16.20 

16.20 

16.37 

4.SS0 

16.3 

3.36 

10S.0 

1.11 

45.S 

1.02 

! 0.99 

ital Hypoplasia. 
Depressive Psycho- 













sis 













72317 













Gastroenteritis 

15.90 

16.01 

15.80 

15.90 

5.320 

15.0 

3.17 

HOMM 

irnpR 

44.3 

0.9S 

i 1.02 

719(53 













Aortic Stenosis 

15.S5 

15.85 

15.00 

15.57 

IffiSSl 

15.2 

3.08 

Brail 

iff-;,. 

45.4 

IBWir 

IfiTTf 

71991 













Duodenal Ulcer. Eu- 

15.02 

15.23 

15.23 

15.16 

5.620 

13.5 

2.70 

110.0 

0.S9 

44.3 

mt 

IfilM 

teroptosis 













70S61 












0.99 

Epilepsy 

14.50 

14.S1 

14.59 

14.03 

EMlll 

16.0 

3.24 

96.6 

fWilil 

ii m 

■we 

72131 











1.04 

1.04 

Glomerular Nephritis 

14.64 

14.40 

14.53 

14.52 

4.442 

16.3 

3.19 

■Ml 

1.0S 

39.7 

719S5 











0.92 

0.99 

Toxic Goiter 

15.00 

13.S8 

14.00 

14.29 

5.170 

13.9 

2.76 

94.2 

Kfflf 

no 

71900 












0.92 

Cholecystitis and 

14.13 

13.72 

13.S4 

13.90 


SO 

2. SO, 

91.8 

0.93 

43.2 

1.01 

Cholelithiasis 













71SS1 







| 




J 


Lohar Pneumonia 

13. So 

13.01 

12.93 

13.26 

tmtas. 

15.6 

3.11 

S7.5 

1.02 

38.6 


0.97 

71S12 





1 





' 



Hypertension, Myo- 

13.30 . 

13.10 

13.18 

13.19 


13.2 


S7.2 

o.ss 

41.3 

carditis, Asthma 













72803 












0.91 

Cholecystitis and 

13.50 

12.00 

13.10 

13.07 

4.1S0 

15.6 


S6.3 

ESI 

Sal 

1.13 

Cholelithiasis 













72029 













Toxic Goiter 

12.81 

12.03 

12.73 

12.72 

twmm 

13.S 


84.0 


hWHI 


71841 












0.96 

Cholecystitis with 

12.59 

12.44 

12.70 

12.5S 

tiKil 

15.3 

3.06 

S2.9 

1.01 

36.9 

Cholelithiasis. Ach- 
lorhydria 













71956 












0.91 

Migraine 

12.92 

12.23 

12.08 

12.41 

iMiTill 

13.5 

2.70 

S2.0 

0.89 

3S.6 

0.9S 

7247S 



! 








ml 


Pelvic Peritonitis 

12.30 

12.13 

12.13 

12.19 

4.890 

12.5 

2.49 

S0.5 

rocMi 

3S.2 

68797 













Pernicious Anemia 

12.20 

12.30 

11.75 

12.08 

3.290 

19.4 

3.67 

79.7 

1.25 




72053 










35.6 



Bronchiectasis 

12.32 

11.48 

11.66 

11.82 


14.0 

2. SC 

7S.2 

™h( 

72032 

Dietary Deficiency, 

12.15 

11.64 

11.47 

11.75 

3.480 

16.9 

3.3S 

77.6 

i.ii ; 

34.1 

1.13 ( 


Protein Depriva- 
tion, Achlorhydria 
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Table III— Cost’d 



HEMOGLOBIN 
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1 




X 

GJ 

LAMS fEU 100 

C.c. BLOOD 

I* /s 








designation 

OR 

diagnosis 

* g 

£ o 

> £ 

X < 

3 

5 

o 

3 < 

£ 

A S 
* ■>< 

Z- 1*5 

< 

Is : 

5 2 ■ 

V - j« 

5 

i. r* : 
r X i 

5 i£ * 
£ © i 

?• 5 

+ o 

>5 

s 

Z 

£ © 

K, 7* 

2 § 

x 

is 

c »** 

$ o 

1*2 g 
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S 
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A 

P a, 

5 % 

^ O 

£ £ 

X 

S 

% 

O 

"m* 

X 

X 

p 

X 

CO 

71989 1 

•Syphilis, Glaucoma 

11.88 

11.64 

11.70 

11.74 

3.960 1 

[4.9 

2.96 

77.5 

0.98 




72218 

Pernicious Anemia. 
Posterolateral 
Sclerosis 

10.34 

10.38 

10.57 

10.43 

2.676 ' 

19.6 

3.90 

69.0 

1.29 ; 

32.0 

1.38 

0.93 

72522 

Bacterial Endocard- 
itis 

10.40 

10.28 

10.47 

10.38 

3.540 

14.7 

2.93 

68.6 

0.97 

32.4 

1.06 

0.92 

72577 

Acute Rheumatic 

Fever 

10.20 

9.42 

9.60 

9.74 

4.080 

11.9 

2.39 

64.2 

0.79 

130.0 

0.86 

0.92 

72119 

Chrome Myelogenous 
Reucemia 

9.70 

9.52 | 

9.42 

| 9.55 

3.090 

15.4 

3.09 

63.0 

1.02 




71816 

Neurosyphilis. Thera- 
peutie Malaria 

9.68 

9.09 

8.99 

9.25 

3.400 

13.6 

2.72 

61.0 

0.90 

25.0 

0.85 

1.05 

72504 

Hypotension. Addi- 
son's Disease 

9.10 

8.28 

8.63 

8.67 

3.380 

12.8 

2.56 

i 57.2 

0.85 

■ 28.4 

0.98 

1 0.87 

72109 

Hypertrophy of Pros 
tate. Pyelonephriti 
71780 

1 ernicioug Anemia 
72230 

bacterial Endocar- 
ditis 

i- 7.0, 

.3 

4.5l 

I 2,9 

r 7.15 

6 5.12 

7 | 3.01 

7.67 

1 5.15 

1 3.2S 

7. 22 

4.9- 
>| 3.1i 

1 2.310 

t 1.310 

9 1.324 

15.8 

18.1 

: 11.7 

3.ie 

) 3.7’ 

r 2.3 

i 48.1 

7 32.6 

4 20.5 

1.04 

1.2; 

i 0.71 

[ 21.6 

5 

8 11.4 

1.08 

0.9; 

! 0.96 

8 0.79 


solution was made for enumeration of blood cells. Ihe count reported 
represents the average of four to eight fills of the counting chamber. Bureau 
of Standards equipment was used. Hematocrit determinations were made in 
duplicate after saturating with oxygen in sedimentation tubes and eentrifug- 
iug to constant values. 

The oxygen capacity method used was that of Van Slyke and Neil . 7 
Hemoglobin determinations based on iron were made by two separate technics 
recently devised in this laboratory . 1 In one hemoglobin was calculated from 
a colorimetric estimation of protein iron as Prussian blue, and in the other 
Hy comparing the acid hematin color with an acid hematin standard of 
known iron content. 

The results of our observations appear in Tables I, II, and III. The 
hemoglobin as determined by protein iron throughout the series is found 
to he slightly lower than that found by oxygen capacity. In general, how- 
ever, the agreement between the two methods is excellent. We have, therefore, 
Used the average of the three methods for comparison with the hemoglobin 
content of blood as found by other observers. This comparison will be seen 
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in Table IV. The figures of Osgood and Haskins, Wintrobe, and Iladen are 
quoted from the article of Iladen to which u - e have already referred. It will 
be noted that the figures obtained by averaging the results of these three 
series of observations are in more general agreement with our results than are 
those of any oue individual series of observations. Perhaps the most im- 
portant figure in the table is that termed “hemoglobin coefficient,’ indicating 
grams of hemoglobin per 100 c.c. blood when the erythrocyte count is 5,000,000 
per c. mm. In regard to this figure the results of Haden are in much closer 
agreement with our figures than are those of Osgood and Haskins and 
Wintrobe. 

The figure designated as “Pigment-Cell Ratio” is obtained by dividing 
the grams of hemoglobin per 100 e.e. blood by the millions of erythrocytes 
Per c. mm. of blood. The figure obtained actually represents the milligrams of 
hemoglobin present in 100,000,000 erythrocytes. Could the precedent be 
established of using this figure in place of the conventional color index, it 
Would encourage the practice of reporting hemoglobin in terns of grams per 
100 c.c., and the color index, if desired, could be obtained approximately by 
dividing this figure by three as suggested by Cullen. 2 However, it seems 
obvious to us that the practice of reporting hemoglobin per cent and color 
index might well be abandoned for the reason that the normal hemoglobin 
va hie is much higher in men than in women. Calculations from an arbitrary 
standard are, therefore, necessary although undesirable. In the present study 
hemoglobin per cent was calculated from the mean of the average hemoglobin 
coefficients for normal men and women. 

The average erythrocyte count for normal men was found to he 5.29 
millions per e. mm. The average erythrocyte count for normal women was 
1-62 millions. 


fhe average hemoglobin value for men was 16.60 gm.. with variations 
etween 15.12 and 18.03 gm. For women the average hemoglobin value was 
14,0 8™-. ranging between 12.18 and 15.39 gm. 

Hie average hemoglobin coefficient for men was 15.7 gm. ; for women it 
' va « H.7 gm. 

Hve average cell volume per cent for normal men was 46.57 per cent, 
or normal women it averaged 40.37 per cent. The mean of the averages of 
ve wo sexes was 43.47 per cent. The mean of the average of the two sexes 
er 600,000 erythrocyte count was 43.1 per cent. 

Ibe average saturation index of normal men was observed to be 1.017 
'at of normal women was likewise 1.017. 

tliM J lU Pjgment-eell ratio averaged 3.15 for the normal males and *"> 95 for 
ll mT females - ; rhe rati0 therefore, 3.05. The normal limt 

a bi’ffi figure 7” f f *** ^ K Can be noted that 

namelv ar- Zl.Z m the tW ° cascs of P^nicious anemia observed 
case- <lU ' _" J0 UU(l il low fi « ure m aehromic anemias as shown bv 

s ‘-' ut ant l '2230, namelv, 2.39 and -C34 Hence this w 

* 5 '™U “ "« «»'» indes .« determine the tvpe of anil ' Bed 
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A COMPARISON OP METHODS FOR THE DETERMINATION OP URIC 
ACID IN HUMAN, BOVINE, AND AVIAN BLOODS' 3 ! 


Gordon H. Pritham, M.S., and Arthur Iy. Anderson, Ph.D., 
State College, Pa. 


N UMEROUS methods for the determination of uric acid in human Wood have 
been, developed, the chief motive being to incorporate the higher degree of 
accuracy of the isolatiou methods with the greater simplicity and ease of manip- 
ulation of the direct methods. While several of these methods have given 
satisfactory results on human blood, few of them have been applied to the 
blood of other animals. Since in this laboratory we have been especially inter- 
ested in the analysis of bovine and avian (chicken) bloods, the present study 
was undertaken to ascertain the most satisfactory method for the determina- 
tion of uric acid in these bloods. 


DISCUSSSION OF DATA 


In Table I data are presented to show the results of analyses of human, 
bovine, and avian bloods, using the Folin-Wu laked blood filtrate 15 and the 
Polin unlalced blood filtrate . 12 The methods of Polin 11, 13 of Folin as modified 
by Bulmer, Eagles and Hunter, s of Benedict , 2 and of Brown 7 were used with 
each of these filtrates, each method being applied to the filtrate directly and 
to the uric acid isolated as the silver salt from each filtrate. Thus twelve 
methods were used with each sample of blood. 

The data in Table I show that in most cases the isolation methods give 
lower results than the direct methods. This fact is more evident in the case 
of laked than in the case of unlaked blood filtrates, the difference being, espe- 
cially pronounced in the ease of laked filtrates from bovine blood. Direct and 
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AH figures arc nvurugos of duplicate determinations. 

Five ruble centimeters of silver Inetiite solution were used In these eases ns suggested by Kulmer, Matties, and Hunter . 1 
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isolation procedures agree more closely on unlaked than on laked filtrates. 
All isolation procedures give results which agree fairly well. 

With regard to the great differences in uric acid values obtained by the 
direct and isolation procedures on bovine blood, the work of Benedict and 
his coworkers 9 ’ 10 ’ 17 should be mentioned. They have isolated from the eryth- 
rocytes of bovine blood a combined form of uric acid which is not precipitated 
by silver-magnesia mixture. The low values obtained with the isolation method 
and with the direct methods on unlaked filtrates from bovine blood might be 
explained on this basis, since combined uric acid would not be precipitated 
by the silver lactate in the isolation procedure and, being in the corpuscles, 
would not be present in unlaked blood filtrates. 

Buhner, Eagles, and Hunter 8 ’ 10 ascribed the discrepancy between the direct 
and isolation methods to a substance “X” which they isolated from animal 
bloods, including bovine blood, and which they called a simple pyrimidine 
nucleoside. This compound is precipitated by silver lactate but is not liber- 
ated bj r acid sodium chloride, so that it would not appear in the isolation 
procedure. 

Almost simultaneously, Benedict and his coworkers 1 ’ 3 ’ 4 isolated from pig 
and human bloods an interfering substance “thiasine” or thioneine, as it was 
later called. They claimed that this compound is not the same as substance 
“X,” and that it causes high values in the direct method. 

From the averages given in Table I it appears that for human blood 
Benedict's direct method applied to Folin’s unlaked blood filtrate gives re- 
sults more closely agreeing with the isolation procedure than any of the other 
methods. In the case of bovine blood. Folin's direct method applied to an 
unlaked blood filtrate gives results agreeing most closely with the isolation 
procedure. In the case of avian blood, the agreement between the direct and 
isolation procedures on an unlaked filtrate is about the same for Folin’s as for 
Benedict’s method. 

Brown’s method, with one exception, gives higher results on human and 
avian bloods than the other methods. In the case of bovine blood, there was 
no color produced when Brown’s isolation procedure was applied to the un- 
laked filtrate. When Brown's direct method was applied to a laked blood 
filtrate, the results were lower than the direct methods of Folin and of Benedict. 

In 1931 Benedict 5 suggested the use of tungstomolybdic acid for the prep- 
aration of laked blood titrates. He 6 also suggested a modification of the isola- 
tion procedure. In Table II Benedict’s laked blood filtrate is compared Avith 
Folin’s laked and unlaked filtrates from human, bovine, and aA’ian bloods. 
Folin’s direct 13 and isolation 5 methods are applied to all three filtrates, and 
Benedict’s direct 2 and new isolation 0 procedures are used on Benedict’s laked 
filtrates. 

From the averages in Table II it appears that in the case of human blood 
results by all the isolation methods agree closely. Of the direct methods that 
of Folin, used Avith his unlaked filtrate, gives results Avliich agree most closely 
Avith the results obtained by the isolation procedure. It should be noted, how- 
eA r er, that in Table I, Avitli an unlaked filtrate, results by Benedict’s direct 
method agreed more closely Avith the isolation procedure than did Folin s. 
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Table II B0VINE and Avian Bloods 

SUOWiSO A COMPARISON OP TUB URIC ^LIX ASD BENEDICT ON UNLAKED 


' tue Uric acid ~ -- vKJ) benedict on 

BY THE DIRECT BLOOD FILTRATES 


j 

L.VKED-FOLIX 

SPLE. - 

FOLIN 


DIRECT (ISOLATION' 

HUMAN 


n j 

3.0 j 2.7 j 

12 

3.2 1 2.5 i 

13 I 

2.8 1 2.8 j 

H 1 

i 3.0 3.2 

15 

2.8 2.2 

16 

I 3.0 3.5 

17 

j 2.8 \ 2.5 j 

Average 

3.16 2.77 

BOVINE 

1 

ii 

1.6 | 0.4 


LAXED-BLOOD-BEX EDICT 


benedict 


FOLIN 


UNLAKED-r OLIN 
FOLIX 


DIRECT 


DffiECTj lSQLAT10£ 


WTr^^ mTlOO c.c. or ^BLOQD 


12 

13 

14 

15 


0.4 

0.5 

0.7 




1 45 


1.60 1 

0.85 

1.57 

0.58 

0.47 

0.30 

AVIAN 

11 

12 

13 

14 

15 

16 

1 2.9 

2.9 

3.3 

3.3 

3.7 

3.5 

1.8 
l 2 - 1 

2.3 

2.3 

2.7 

2.5 

4.2 

3.8 | 

4.9 

4.4 

5.3 

4.6 

2.9 

3.0 

2.7 

2.7 

2.9 

2.7 

3.2 1 

3.2 

3.7 

3.4 

4.0 

3.7 

1.8 

1.9 

2.3 

2.3 

2.9 

2.6 

2.0 
j 2.4 

2.5 

2.8 

2.8 

2.6 

1.7 

2.1 

2.3 

2.3 

2.9 

2.3 

Average 

1 3.27 

2.28 

4.55 

2.81 

3.53 

2.30 

2.51 

2.27 


£? — — ! IT"' ~~ A in !VlO< 


— suggested 

. , ‘Five cubic centimeters oC silver lactate solution ncre meu 

oy Kulmer, Eagles, and Hunter . 8 

With bovine blood results by the isolation method do not agree so closely 
as they do with human blood. Benedict’s new method gives the highest 
values, while Folin’s method, applied to his unlaked titrate, gi'^s 1 e 
values. In Table 1 Benedict’s isolation procedure applied to Folm s unlaked 
blood filtrate gives lower results than Folin’s isolation procedure. 

In the case of avian blood, Benedict’s new method gives higher results 
than any of the other procedures. Folin’s method with his unlaked filtrate 
gives the closest agreement between direct and isolation procedures although 
in Table L the agreement is nearly as close when Benedict’s procedure is used 
with Folin’s unlaked filtrate. 

In conclusion, it may be stated that for human and avian bloods, it makes 
little difference which method is used, provided an isolation procedure is fol- 
lowed. Of the direct methods those of Benedict and of Folin. with Folin s un- 
laked filtrate, give results agreeing closely with the isolation procedures. For 
bovine blood Folin’s direct method, applied to his unlaked filtiate, agrees 
most closely with the isolation procedure. 1 he authors hav e found Folin s 
method more satisfactory than Benedict’s because the use of the urea-cyanide 
solution eliminates the formation of a troublesome precipitate which is always 
imminent when Benedict’s method is used. 
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Since this paper was written, Folin 11 has made several revisions in his 
direct method and in the preparation of his uric acid reagent. While lack of 
time prevents the repetition of the work here presented, it is felt that Folin's 
latest technic should be considered in selecting a method for the determination 
of uric acid in animal bloods. 
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BLOOD IODINE STUDIES* 


III. A Simple Reservoir Buret for Making Microtitrations 


Francis J. Phillips, and George M. Curtis, Columbus, Ohio 


T HE quantitative determination of the minute amount of iodine normally 
present in the blood and urine requires special precision apparatus. In 
developing an adequate method it became necessary for Davis 1 to construct a 
suitable microburet for making the titrations. This was a modification of the 
original reservoir buret designed by Professor F. C. Ivoch of the Department 
of Physiological Chemistry of the University of Chicago. Koch's buret uas 

♦From the Department of Medical and Surgical Research, Ohio State University. 
Received for publication, July 31, 1933. 
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• n was a decided improve- 

adequate for making the usual 

meat over the old style of bmet m coi ‘ ^ t j n c .c. of blood, 

The titration of the minute amount ot iot necessary to employ 

however, required even a more piecise Ul * centimeter. We are de- 

one accurately graduated to thousandt is * 1 which has finally been 

scribing and figuring the simple rese ^ 011 U „i ven satisfaction in the routine 
developed as a result of this neec . 1 ' “ iodine normally present in the 

daily determinations ot the minute amounts ot mime 

blood and urine. , en( j 0 f the tube 

A Kahn 0.2 e.c. graduated pipette teas usee , lle two-stem 

„n the one-stem side ot a three-way microbe, e stopcock. 





Fis- 1- 


•sulc of the three-way stopcock, one tube is drawn to a fine capillary bore and 
rut 18 cm. from the stopcock, Fig. 1. This length is necessary for titiation 
convenience. The other tube on the two-stem side of the stopcock is 
in a “l"’ shape. The open end is drawn parallel to the 0.2 c.c. pipette and 
about 2 cm. behind it. One centimeter above the level ot the mo maik on 
the 0.2 e.c. pipette a 10 e.c. cylinder-shaped reservoir is fused to the open end 
of the “F” tube. The accompanying figure of the buret used in this labora- 
tory should he adequate as a design for any competent glass blower to follow 
in making tills apparatus. 

The buret described above has been in use in the iodine laboratory for 
several mouths. The titrations in the routine daily work here require the 
measurement of 0.002 c.c. increments of a 0.001 normal sodium thiosulphate 
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solution. With the above described buret tiiese measurements liave been ac- 
curately and conveniently carried out. 
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CAGE FOR MICE AND RATS* 


Allan W. Blair, and Emmett B. Carmichael, University, Ala. 


T HIS type of cage has been used by us for the past two years, and we feel 
that it possesses distinct advantages over other types of cages used here- 
tofore. In our experience some of these advantages consist in the prevention 
of food and bedding pollution by the segregation of each in a different com- 
partment, the ease and cheapness of construction, the greater accessibility of 
the animals, the ease of cleaning, the ease of observation of the undisturbed 
animal and the ease of transportation from place to place. The cage serves 
well for feeding experiments, breeding purposes, stock animals, and general 
experimental purposes. It is compact, economical of space, and may be 
placed on a narrow shelf. Waste cotton is employed for bedding and it is 
placed in the upper compartment. If so desired, the food may be placed in 
the upper rather than the lower compartment. 

Dimensions. — 11.25 x 8.5 inches. 

Materials . — Galvanized hardware doth (14 inch mesh) for body, door, re- 
movable floor, and as a guard around opening between the two compartments 
(to prevent bedding material from falling through into lower compartment) ; 
sheet zinc (%•_> inch) for floor of upper compartment, card holder, and to 
form margin of door opening; sheet metal (Vio inch) for band at bottom 
of cage and door catch; heavy wire soldered to edge of mesh door (to provide 
additional strength and support) ; water container (6 inch test tube, single 
hole rubber stopper, glass tubing) fastened by detachable clips to side of 
body; enamel pan. 


•From the School of Medicine. University of Alabama. 
Keceived for publication, August 2. 1933. 



MAINTAINING WATER AND AIR BALANCE DURING PROLONGED 

INCUBATION* 


Experiences Gained from Growing Tubercle Bacilli. 


H. J. Corpes, M.D., Ph.D., and Maurice L. Cohn. Pb.D., Denver, Colo. 


PxURING the course of years of experience, one frequently stops to glance 
back and smile at the arbitrariness of formed habits and empiricism which 
proved exceedingly wasteful of time and material and which condition could 
easily have been remedied by opportunity for a few moments of proper experi- 
mentation and test. Of course, the apology might be offered that the majority 



p 1 ill,™ resu ' t capping with cellophane or tin foil one week after incubation at 

Mttliun>' I anIi Inspissated egg yolk medium. Tubes 1 to 3 are the IStatn 

cotton piue T 8 the ess nl ^ iu P'- Tubes 1 and I were capped with cellophane ove?“ 

3 ami t the cfc Rophano cap over Tuhes 2 and 5 was perforated with Din hales S 

of tiu; med\unt C in P ^ d NV n h , tln tofl over :L paraffined cotton plug. Note the drying of the too 
»- medium in the cellophane capped Tubes 1, 2. I, and 3. lne W 


t . .'h T* bten trained t0 follow instructions implicitly and not question our 
siriL b °t ? r -. teadlers - lu growing tubercle bacilli the technical phases are 
‘ , y dlltc rent, and it was a stroke of “genius” that led Koch to discover 
ubercle baeillus. or rather let us say correctly, in place of genius his 
LUHir aUd Perseverance. It is now fifty years since this discovery was made 

Dcnwr, 
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and bacteriologists in general have failed to recognize fully the technical 
obstacles encountered in growing tubercle bacilli. Aside from the composition 
of the medium which has been elaborately studied by us, 1 ’ *’ 3 there are two 
factors dependent upon technical detail that may spell success or failure in 
growing these bacilli, the maintenance of the water and air balance. To 
attempt to maintain the water balance of the medium by any means of sup- 
plying water in the incubator or in the cans containing the culture tubes or 
flasks is obviously futile as only experience will prove, or possibly a little 
reflection upon mother’s bread box, or the storekeeper’s unceasing vigil to 



Fig. 2. — The same tubes shown in Fig. 1, after three weeks at 37“ C. Note the maikc 
drying of the mediums in Tubes 1, 2. 4, and 5 (cellophane capped) and the evaporation oi un- 
condensation water in the bottom of the tubes. 


prevent mold disasters, will provide the evidence. And molds extend into 
the smallest crevices, even through the bacteriologic impervious cotton plug 
if given time and moisture. Dryness is the enemy of mold and, therefore, it 
is better to maintain water balance by preventing evaporation; and 3 r et one 
may ask how to maintain air balance and still prevent evaporation in a dij 
incubator, particularly in a dry climate of extremely low humidity and ovei 
a long period of time. The investigator soon learns that explanations must 
await facts, and so the experiences to be recorded will be presented as facts 
which anyone can easily explain on the basis of present knowledge. 


COMMON MA.XM.MSG *«» . ma „ y years to *« 
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cohper-couk: m.untmsi>- 0 "*«* * * many years in growing 

u to. to» toe -r r‘:?o“ »r“ a* 

tubercle bacilli to ut.tae tire ing ,l,e tubes uMl ban d to 

tubes witb 1.0t paraffin, s«' to« tlie ^ KM1 «d by J-^ 1 ^ tUe needs 

impregnated with, paraffin, practice this meth advocated 

prevent drying of the medmn . ^ ^ Qf ce llophane eapp^o ^ w flasks . 
apparently satisf acton y , and readily applet on our knowl- 

to ns as being more east y of cellophane *a& especially 

The objection of this material, 



“IC paiauiu ciuvii f 

four weeks at 37® C. „« A roiion 

• f vno\rled<*e of its use for perev aporation. 

because one of us lias bad intima e ca p p ing maintained it would save 

Those advocating the use of « ellop ba » d a s well as paraffining of the 

labor and obviate the use ot the ru ^ q£ air (an erroneous 

cotton plug, and, of course, wou t shown j n Figs. 1 and 2. In com- 

deduetion). It was tried with tne . litt i e difference in the rate 

inditing on this test it may be no e p whether the cellophane had 

of drying of the medium occurred regardless 

been perforateil or not. 
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There are a number of methods which have been variously advocated 
for maintaining the water balance in culture tubes over relatively long periods 
of time of incubation, and two of them were cited above, the tin foil capping 
or paraffin cloth capping, but we are not aware of actual tests recorded in 
the literature of the relative merits of these two. To us they appeared 
equally efficient and the tin foil, although more costly, possessed the advan- 
tage of being less messy and less bulky. Test, however, proved the paraffin 
cloth to be more efficient as shown in Pig. 3. In some laboratories it is the 



Pig'. I. — A comparison of capping with cork stoppers anti tin foil or paraffin cloth lifter 
keeping inspissated egg yolk medium for four weeks at 37° C. Note the absence of drying in 
the tubes stoppered with the plain nonparafflned cork (Tube 3) and with the paraffined corn 
(Tube 1) as well as witli the paraffin cloth cap white Tube 2 tin foil capped showed evidences 
of drying of the upper portion of this medium at this time. 

custom to merely pour a layer of hot paraffin over the cotton plug without 
attempting to impregnate all the fibers, and then to perforate the paraffin 
plug with a few pin holes. This method is fairly satisfactory but fails to 
remove entirely tbe water absorbing' powers of the cotton plug, and each tune 
that the tube is to be opened the plug of paraffin must be removed, which in 
our hands lias proved less satisfactory than other methods , including the 
paraffin cloth which with the paraffin impregnated cotton plug is more efficient 
for preventing water evaporation. 
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Recently « .£ us- d««iW . 

for simplicity recommended the use o ^ ^ for the purpose of 

advisable, therefore, to determine . tubes The maintenance of 

maintaining water and air balance m ci impregnated cotton plug 

water balance by the eorlc placed over the paraffin nnpie.i 

is well illustrated in Fig. -f- , f 

However, this experiment pr ° V £^^ of the cork 

maintaining water balance, and our kn ^ c 



Fig. 5— The results of capping with tin foil. with the fa human ’sfratnT 

tirafllneU. cork stopper upon the growth of -small t 37* C All the cotton 

tlJ n lns P>? sat «l «W yolk medium after month- incul batwi > C An e Tubes 

ftarunasw m me « 

Th S f “growth wir ‘retarded in^th^tubej^toppered C l’m 1 S ; ATo U as1fe^ thf 

The latter ftmllne Is readily understood on the hast.-; of the relatnc imptrwousness ot tne 
t‘»rafllned cork to air especially when tightly Inserted Into the tub.. 


as tt stopper for effervescing and fermenting beverages made us doubt its 
value in maintaining air balance. M anomet rie tests assured us that the drv 
cork was readily pervious to air, but that tlie cork heavily impregnated with 
Paraffin and tightly inserted into a tube was almost completely impervious 
to air and was, therefore, unsuited to our use for growing tuberele bacilli. 
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There are a number of methods which have been variously advocated 
for maintaining the water balance in culture tubes over relatively long periods 
of time of incubation, and two of them were cited above, the tin foil capping 
or paraffin cloth capping, but we are not aware of actual tests recorded in 
the literature of the relative merits of these two. To us they appeared 
equally efficient and the tin foil, although more costly, possessed the advan- 
tage of being less messy and- less bulky. Test, however, proved the paraffin 
cloth to be more efficient as shown in Pig. 3. In some laboratories it is the 



Fig'. 4. — A comparison of capping with cork stoppers and tin foil or paraffin cl °n* - 
keeping inspissated egg yolk medium for four weeks at 37° C. Note the absence o£ orying m 
the tubes stoppered with the plain nonparafflned cork (Tube 3) and with the paratttnea co a 
(Tube 1) as well as with the paraffin cloth cap while Tube 2 tin foil capped showed e\iuen 
of drying: of the upper portion of this medium at this time. 


custom to merely pour a layer of hot pa raffin over the cotton plug without 
attempting to impregnate all the fibers, and then to perforate the paraffin 
plug with a few pin holes. This method is fairly satisfactory but fails to 
remove entirely the water absorbing powers of the cotton plug, and each time 
that the tube is to be opened the plug of paraffin must be removed, which in 
our hands has proved less satisfactory than other methods, including the 
paraffin cloth which with the paraffin impregnated cotton plug is more efficient 
for preventing water evaporation. 
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co _: — WATEll AS» A« ™ 

Recently one of us* described a *«. — ^ 
for simplicity recommeiuletl the use o a. • ^ ^ c0rk for the purpose of 

advisable, therefore, to determine ie n tubes The maintenance of 

maintaining water and air balance in ei ^ impregnated cotton plug 

water balance by the cork placed ov ei P 

is well illustrated in Fig. 4. , , for 

However, this experiment use of the cork 

maintaining water balance, and oui k D 



L «B. o. — The results of cupping with tin foil. ^tubtTtacUU fa h—fsfratn) 

Paraffined cork stopper upon the growth of small numb r ^ubatlon at 37° C. All the cotton 
an Inspissated egg yolk medium after lhl >V,h!° , Ln ,j ’ were capped with tin foil. Tubes 
klugs were Impregnated with hot paraffin, and Tubes 1 a - g with a paraffined cork in- 

1 and 1 were .stoppered with a plain dry cork and Tuh -s * and S with a pa^mnea corK in 
"trtcd fairly tightly. Note that the growth of the bacmf in the plain corked Cubes O 

n equal to that In the tin foil capped tubes d and -) In u . u u ) m ‘fcoth plant- 

( Tubes 1 and 3) and In the 0.000.001 mg. plantings (Tubes - and tl. wniie in Doin ptani 
'np the growth was retarded In the tubes stoppered wahtheparalilntW corkstlUDesa ana b>. 
The latter ffnding Is readily understood on the basis of the relatise impereiousness of the 
Paraffined cork to air especially when tightly Inserted into the tube. 


ns a stopper for effervescing and fermenting beverages made us doubt its 
value in maintaining air balance. Munouietric tests assured us that the drj 
cork was readily pervious to air, but that the cork heavily impregnated with 
paraffin and tightly inserted into a tube was almost completely impervious 
to air and was, therefore, unsuited to our use for growing tubercle bacilli. 
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If the cork was only lightly impregnated with paraffin and was only loosely 
inserted into the tube, it would not prevent air access in sufficient amount 
for growing tubercle bacilli. It is well also to remember that the water 
wet cork is far less pervious to air than the dry cork. To further test the 
value of the dry cork, it was given a thorough trial in culture tests with 
tubercle bacilli in graded seedings (see Fig. 5), and proved sufficiently valu- 
able both from an economic and efficiency standpoint so that it is now used 
in all our culture tube work in place of tin foil or paraffin cloth, being inserted 
above the cotton plug which has been impregnated completely but lightly 
with hot paraffin. The corks can be repeatedly used and can be freed from 
paraffin, if desired, by washing in gasoline or some other readily volatile 
paraffin solvent, after which the}’ may be air dried and, finally, to free from 
traces of the solvent, may be placed in the dry sterilizer for an hour or two. 

The efficienc}’ of the paraffining procedure in maintaining water and air 
balance in culture flasks is well illustrated by a report just presented by us 5 
in which we found that tubercle bacilli remained viable for over twelve years 
after growing in nursing bottles containing broth, stoppered with a paraffined 
cotton plug, and covered with paraffined cloth. Some of these bottles lost as 
little as one-quarter to one-half ounce of liquid out of an original three ounces 
placed in the flask twelve years previously. 

In conclusion, it may be stated that the problem of maintaining water 
and air balance in culture tubes and culture receptacles appears to be one of 
preventing the conduction of moisture from these receptacles by avoiding the 
use of moisture absorbent materials, or by satisfactorily impregnating these 
with a completely nonabsorbent and water impervious material, such as par- 
affin. It also appears that this can be attained without appreciable influence 
upon adequate gaseous exchange, especially sufficient to maintain conditions 
inquired for the multiplication of slow growing microorganisms, such as the 
tubercle bacillus. 
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” . aQd Its Applicability to the ****** of Diseases of, 

LIVES, Silver Nitrate Reaction an 

Kosa, L. Wien. Klin. Wchnsehr. 46. 1104, 

. , I „ ,1 


Eosa, L. Wien. Klin. \\ enn • • hepatic diseases. 

K« ,« « *■» » o, ;■ ,** “ g r»< »>»- >• *■ »■ *■“$? “• 

Set up 5 test tubes and introduce the of sil ver nitrate: 0.2 0.2, 0.1, 0.1, 

Then add the following amounts of 10 per ^ 1:20, and l:- 

are thus l.-h ’ _ . 


Then add the following amounts of 10 per cxnt t s _ 1;20) an d l:o0. WUl | C 

and 0.1 c,. The resultant dilutions are thus 1 ^ ^nds in a water-bath. Remove from 
fluently shaking boil the tubes for from 

the hath and allow the precipitate to settle. t ant fluid transparent yellow. 

Negative reaction: sediment, snow whrte ^ ^ supernatant fluid of same 

Positive reaction: lilac, brown, or black pi 
color. higher the dilution in which the reac 

The more severe the pathologic process, the g 

occurs. . , „ AT1 „,. n tration of the urine. 

The reaction is related to the sodium chloride 

v, dilation Test in, Murray, B- South African M. J. V: 645 , 
TTJBEECTJLOSIS, V ernes Flocculation i.e 

U33 ‘ , w- that the sedimentation rate and the Verne. 

From a study of 121 cases Murray cone u = ’ 

test do not appear to be related in any sunp.e Vernes test would not appear to be m- 

In definitely diagnosed cases of tuberculosis i cfcnt of cases . 

variably positive, tlicre being negative resu s in ^ test appears to give a normal 

In cases where recovery is taking place, the sedimen 
reading sooner than the Vernes test. 

i-hortus Examination, Bryan, C. S. Am. J. 

MILK, Preservation of for Streptococcus 
Pub. Health 23: 1182, 1933. 

/ni c c. of 1 per cent aqueous solution 

A 1:10,000 concentration of brilliant g re 
10 c.c. of milk) was found highly satisfactory. 


. . -Rnneher H. Compt. rend. Soc. de biol. 112: 
MALARIA, Vital Staining of Mitochondria m, B 

S82 1933. 

, , , . tll ., „, : i)aria parasite Plasmodium vivax by vital 

Mitochondria can be demonstrated i 

staining with .bums green. „ ur ., t ed solution in absolute alcohol of neutral 

The Stain is prepared as follows: Of - ‘ is added also three drops of a 

red 0.4 C.c. is added to 10 c.c. of absolu e -ko ^ u allowcd t0 (lry 0 n a perfectly 

d alcoholic solution ot Janus green- - _ 1 mttnelinnilria 


red 0.4 c.c. is added to 10 c.c. of absolute ako is allowed To dry on a perfecUy 

ckanlvnlTlmUhe nlbt'blood preparation is made on the thin film of stain The ^adm 

i Tanus green halt a micron in uiameier iar> 

uv the form of spherical grannies stained ® ;te . xhe nC utral red stains 

m number from l to 20 according to the assumed U y the cytoplasm of the 

Hranulos in tin* rod blood corpubckb, tut ro. t 

parasite being due to a reduction product of the Janus green. 
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BLOOD CHOLESTEROL, In Chronic Nephritis and Retention Uremia, Ashe, B. I., an d 

Bruger, M. Am. .T. it. Si-. 186: 670. 1038. 

In wises of chronic Bright 's disease with marked nitrogen retention, a low plasma 
cholesterol foretells death in uremia. In most cases this low reading is observed at an ap- 
preciable interval before death; in rare eases such a level is found only about twenty-four 
to forty-eight hours before exitus. 

An elevated plasma cholesterol indicates a good prognosis as to recovery from pre- 
uremic symptoms but does not preclude the possibility of death from causes other than uremia. 

There appears to be no close relation between the height of the plasma cholesterol and 
the degree of edema in patients with chronic Bright’s disease. 

' There is some clinical evidence of a reciprocal relation between the blood urea and the 
plasma cholesterol; at other times this relation is offset by other factors. A constant in- 
verse relation between the plasma proteins and cholesterol was not observed: 

The diminished cholesterol content of the plasma observed in eases of Bright’s disease 
dying of retention nremia is probably due to sueh contributing factors as cachexia and 
anemia. 


FIBRINOGEN, Quantitative Determination of in the Blood, Boehm, G. Diagu. E. Techn. 

di Lab. 4; GS3, 1933. 

The author describes a simple technic as follows: 

1. Bill and empty a sterile 10 e.e. glass syringe with 20 per cent potassium oxalate, thus 
leaving a tliin film in the syringe. 

2. Withdraw from 0 to 7 c.e. of blood by venipuncture, place in a test tube and 
centrifuge. 

3. Remove 1 c.e. of plasma and dilute with 9 c.e. of 0.S5 per cent saline aud from 
this 1:10 dilution prepare a 1:100 dilution. 

4. To a series of 10 tubes from S to 10 mm. in diameter add plasma and saline as 
shown in the table below: 


TUBE 

PLASMA C.C. 

SALINE C.C. 

CONCENTRATION OP PLASMA 

i 

1.0 of 1: 10 

0 

1.0 

2 

0.7 of 1: 10 

0.3 

0.07 

3 

O.o of 1: 10 

0.5 

0.05 

4 

0.4 of 1: 10 

0.0 

0.04 

5 

0.35 of 1: 10 

0.65 

0.035 

6 

0.3 of 1: 10 

0.7 

0.03 

7 

0.25 of 1: 10 

0.75 

0.025 

8 

0.2 of 1: 10 

O.S 

0.2 

9 

0.15 of 1: 10 

O.So 

0.015 

10 

1.0 of 1:100 

0 

0.01 

11 

0.9 of 1:100 

0.1 

0.000 

12 

0.8 of 1:100 

0.2 

o.oos 

13 

0.7 of 1:100 

0.3 

0.007 

14 

0.6 of’ 1:100 

0.4 

0.000 

15 

0.55 of 1:100 

0.45 

0.0055 

16 

0.5 of 1:100 

0.5 

0.005 


5. To each tube add 1 drop of 10 per cent calcium chloride solution and allow to stand 
in the ice box for thirty minutes. 

0. Read for (a) the dilution showing a definite turbidity and (b) the dilution showing 
complete coagulation when the tube is inclined. 

The amount of fibrinogen is determined by the formula: 

(Unit) of fibrinogen. (U.Fg.) = -p- where p equals the amount of plasma in the tube 
(as shown in the table). 

The author gives the normal as 40 or 60 U.Fg. per 1 c.c. of plasma. 
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„ rritochol) for the Diagnosis of, 

SYPHILIS, The Value of the Sachs-Witehsky eac ^ ^ 

Sebastion, F. Diagn. K. Teebn. *' 1 ’• sensitive 

.... tMt wlti eh he believes to be specific, sensitive, 

The author reports favorably upon this t 

and easy to read. . c for tliirtv minutes add 

His technic follows: To 0.2 c.c. ^^aHowed to ripen for thirty minutes at 
U.1 e.e. of 1:3 Citochol-salme mixture "huh In - 

room temperature. _ solution and shake. Headings are 

After twenty minutes add 1 e.e. of O.So p« ' ^ , |y floecU i a tiou, the mixture remaining 

made after one hour, positive reactions being 11 
clear and limpid in a negative reaction. 

■ns o t Erythrocytes, Eet.oolocyus, a»0 *, Murphy. W. *• 

It is well known that the magmtu , method ot - sta inin g and technic of counting 

teticulocytes to therapy is in part depende , treatment is started and the state 

the reticulocytes, the number of erythrocytes presen ^ anemia 

of health of the patients m certain respec ^ risc . r reticulot . yt es are assumed to 

If the various secondary factors wine i retieulorvtes will indicate the potency 

he constant, the magnitude of the response o amounts. The data presented, 

of the material used if it is administer® 11 3 # rmtent material, as with a con- 

particularly for patients treated with maximal * j ariv indicate that a reticulocyte 

centrated solution of liver extract administere m » US e*of varying amounts of equally 

response of equal magnitude may he observed fo °" I "£ following the initial administration 
potent material, that the response will occur more qmcMy » not yary directly 

of large amounts, that the magnitude of the rate of increase of 

"ith the magnitude and duratton of the rue »» effectiveness and potency of substances 

the erythrocytes is a more accurate indication magnitude of 

used in the treatment of patients with pernicious anemia than is 

the reticulocyte response. incrc ases in reticulocytes and erytl.ro- 

TUe explanation for the lack of correct bstances is not obvious and is probably 

cytes as observed following treatment '«th va b f at the time treatment 

not entirely controlled by the condition of t he Mood < for^^g , B^ ^ ^ depen(lent on 

started. The variation in response to t«atme t undcr the various methods of 

the r.ite of absorption or the utilization ot the act I l . , . , omnnnts 

, . . . 1 . ... that when administered in large amounts, 

Its administration. If this is the case, it is probable tn , • f 

ns by intramuscular injection, the active material presented ready for the immediate use 

the blood-forming organs causes more rapid maturation cf the erythrocytes, so that he p 

portion of mature to immature cells (reticulocytes) in the circulation is greater than when 

less of the potent substance is available. 

Is it possible, however, that two factors are present in the various materials used .in 
*hc treatment for .ernieious anemia, a stimulating (or reticulocyte-producing) and a matur- 
ing (or erythrocyte- producing ) one! These may oecur in varying proportions in different 
materials which have been used, the maturing occurring m greater proportion in the more re- 
fined and concentrated liver extract for intramuscular use. 

In the treatment of the patient whose blood is in a state of relapse, it is desirable that 
improvement of this condition be promoted as rapidly as possible. Observations indicating 
an unusually rapid increase in erythrocytes following the intramuscular injection of initial 

* _ . .. .• i* _ /t*) „ vs n»urni»oi1 .1(1 ft mn A t- 


“•'uiiui iiiPitdPt; id ^ 

sc amounts of a concentrated solution of liver extract (12 c.c. prepared from 400 gm. of 
filer j and followed bv infrequent smaller Injections are presented. That this material is of 
a high degree of potency and that treatment by this means insures optimal efficacy are well 
illustrated i,y the improvement shown. 

The administration of large doses of iron during treatment with liver extract parenterallv 
i' strongly recommended. By this means one may be more certain to obtain the maximum 
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effect of the liver material by preventing the development of deficiency in iron as a result of 
the rapid maturation of erythrocytes produced by the parenteral method of therapy. 


RHEUMATIC FEVER, Intravenous Vaccination With Streptococci, Wilson, 3VI. G., Josephi, 

M. and Long, D. M. Am. J. Dis. Child. 46: 1330, 1933. 

The curves of the seasonal incidence of recurrence of rheumatic fever for subjects re- 
ceiving hemolytic streptococcus vaccine therapy in 192S and 1929 shorv a definite upward trend 
in 1931 as compared with the control group. 

Twenty-three (19 per cent) of the treated subjects as compared with 15 (17 per cent) 
of the controls remained free from evidence of rheumatic activity for the three-year period of 
observation. 

The annual incidence of recurrence for subjects receiving hemolytic streptococcus vac- 
cine therapy was 4S per cent for 1929, 39 per cent for 1930 ard 37 per cent for 1931. 

The subjects who received a second course of treatment with hemolytic streptococcus 
vaccine in 1929 exhibited more recurrences in 1930 than subjects receiving only a single course 
of treatment. 

The first series of 26 children who received typhoid vaccine intravenously in the fall 
of 1930 shows a diminished incidence of recurrence comparable to that observed following 
hemolytic streptococcus vaccine in the previous investigation. 

The incidence of recurrence following streptococcus vaccine (polyvalent streptococcus 
B E and Streptococcus viriSans, autogenous, individual and pooled) did not seem to be in- 
fluenced by treatment. 

There was no significant difference in the incidence of recurrence or manifestations of 
activity following intravenous therapy with various antigens. 

The results secured in this investigation would seem to support the view that the 
temporary diminished incidence of recurrence observed to follow intravenous treatment with 
hemolytic streptococcus vaccine in the previous investigation was probably unrelated to 
therapy. 

Intravenous vaccination with various antigens in the dosage used did not seem to in- 
fluence the incidence of recurrence of rheumatic activity in the children studied. 


THYROID DYSFUNCTION, Gastric Acidity in, Wilkinson, S. A. J. A. M. A. 101: 2097, 

1933. 

Of 100 cases of hyperthyroidism, 36 per cent showed achlorhydria, and the average acid 
of all cases was reduced to slightly more than half the normal. 

The observation is made that the incidence of achlorhydria in hyperthyroidism rises m 
proportion to the duration of the toxicity rather than the degree of the toxicity. 

After thyroidectomy, only 10.5 per cent show achlorhydria. The average free acid is 
raised to about the normal value for the entire series. 

A theory is offered that the depression of gastric acidity is a phenomenon of extreme 
sympathetic overstimulation. 

Hypothyroidism, in this series at least, produces a definite tendency to hyperacidity. 


ANEMIA, Chronic Idiopathic Hypochromic, Mettier, S. R., Kellogg, F., and Rinehart, J- ?■ 
Am. J. AT. Sc. 186: 694, 1933. 

Data aTe presented of studies made on the relationship of diet and nutrition to anemia 
in 10 cases of chronic idiopathic hypochromic anemia associated with liypoehlorhj dna o 


achlorhydria and defective diet. . f 

The response of the bone marrow, as determined by the hemoglobin and production 
erythrocytes, to iron administered in large daily oral doses in the form of iron an, ^ 
monium citrate (U.S.P.) was compared to the response in patients on an “iron rich 
In addition, a comparison was made of the response of the bone marrow to a diet ric > 
iron and to a meal previously digested in vitro with hydrochloric acid and eonimer 


pepsin. 
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ABSTRACTS 

The bone marrow responded oi 

but there was no evidence of increased hem ^J a rapid and satisfactory increase m con- 
diet for a long period of time There ™* ■ a * n ht ret ieuloeyte response following 

centration of hemoglobin, products of red ceUs, 

the administration of predigested rnea s idiopathic hypochromic anemia rs one 

It is concluded, from these studies, tha ™ dvsfunction leads to railure in 

presumably due to a deficiency of iron wherein D as. . 
utilization of organic (dietary) iron. 

.. -vr t it Se 186: 6S9, 

1933 ' - , ..-'I - induced in rabbits subjected to 

An elevation in the relative ° YtS b/intravenous administration of carbon 

increased carbon dioxide tension o t e ’ all atmosphere containing increasing amoun s 

dioxide solutions or by exposure ot the am 

of tMs S as - . i „ 1pd that an alteration in the acid base equilibrium of the 

From this result, it is concluded that an ai 

body appears to incite an eosinophiha. understanding of the mechanism ot 

Further studies, it is hoped, will lead to a 

this alteration. 

CANCER, »e *„=«« or the «»» Bleed & «- ^ 

.1. Exper. Path. Id: 39-t, 1933. 

The results of previous workers are art erial blood from patients with 

The technic is described of co tc ion Blood at 37° C-, by two 

and without malignant diseases, and the measurement of Pn 

independent glass electrodes. a of pat ieuts with malignant disease of 

The results support the conclusion t^^ ^ ^ ^ alka!l ne than that of patients free 
the mouth or skin, or with seconds . g » 

lfS“L?»'“d»,.lVd th«t aemmmui «». — O o,.o„«»», of «*■«■» 
can affect the P« of the blood. 

infectious Gastro-Enteritis, Spencer’s Disease), WUd- 

ENTEEITIS, Polytropous (Acute 

man, H. A. Arch. Int. Med. 52: 9o9, M>3 . 

-i cUnical entitv which has erroneously been 
There apparently exists ^ ptomaine poisoning, biliousness, acute auto- 

called gastrointestinal nifluenz , V ^ Considerable information concerning the 

intoxication, dietary indiscretion n and differen Ual diagnosis of this eon- 

etiology, epidemiology, pathogen s • > * Qn mor ' e tUan a thousand eases seen within the 
dition has been gatbered rom J now prop05 ed. The present report is based 

p:u,t seven and a half ^ear». * , vUo liail f rora one to six or more attacks between 

on a study of about ... eo eg^s ^ ^ morc worU is „ cc ded to settle some points, partic- 

concerning* the .'liolo^e agent and the pathologic condition which it produces. 


ACETANXLID, Influence of Casfeine on Effects of, Higgins and McGuigan. J. Pharmacol, 
iv Hxpor. Tlu*tai». -^8: *-”<>, 

Studv upon -animals of the effects of aeetanilid plus caffeine did not present evidence 
oi increased aeetanilid toxicity. Mice receiving daily in their drinking water 50 per cent ot 
the fatal hypodermic dose of aeetanilid and 20 per cent of the fatal hypodermic dose of 
caffeine -dinned practically uo effects from the drugs. The enormous dose with their food 
per rent aeetanilid and 0.5 per cent aeetanilid plus 0.1 per cent caffeine or >550 mg. per 
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<*>• « ir: -— ^ « . _ 

wouw :f ?r ™ ‘otop'tttrri; rv ,er wiogram - iu 

add to the toxicity of acctanilid. ‘ 1 ' In therapeutic amounts caffeine 


nig. caffeine per kilogram per 


SYPHILIS, Conjugal, A Statistical stuffy, Deck er, H. B. Am j u .. „ 

There * Presented an investigation of the ' *’ ^ 

"as present in at least one member of the co b T ^ ^ /amiIi “ ia ^ syphilis 
Sixty husbands and as ‘•““Jugal union. 

In 218 families both husband 

It is concluded that the tvne of i n s >'P'»iitie. 
any special strain of treponema * P '* dcpe,,d « u ‘’ oa «*« individual rather than upon 

- - h — », V ,H,. 


^RANUT , QJVf^ INGUINALE 

and Goodpasture, E. w. -A^L^rop^Me^i^if- 10 ?^ ° f ’ ^ M °nhreun, W. A, 

lesions of two cases‘of granulouia^inguinate 0 acro S««« group has been isolated from the 
of the disease. ™gnmlo, and from the feces of two out of four other cases 

This bacillus reproduces e.vietlv tl 

organism, including the tvpk-al' Do.i'ovi,!' ,n “ rp,,0 J®8 l ' !ffll characteristics of the Donovan micro- 
older cultures in blood media ‘ J ° <3 ' ,U ’ h a PP ears as a secondary phenomenon in 

. . CuItures of this bacillus have failed tn 

mgumale when inoculated into lower , 1Cpr ° duce Uw ^pocitie lesions of granuloma 

The Donovan microorganisin a ? . ? into " lan - 

in the primary explauts f rom hunriTll'^V!*, lm ‘' Cases il1 mononuclear cells in tissue cultures 
Notwithstanding failure to renrnd °''7 198 fa . i,ed to grow in subcultures, 

of tlie bacillus described, the hvnofhn Utfl ‘ sr!lm,lo,l 'a inguinale experimentally with cultures 
infection with a member of theZoeZ ^ t! “ S » Primarily a chronic intestinal 

skin from constant fecal contamination ^ T °’' P ° f ba<fl,,i * witl ‘ secondary infection of the 

niuation ,s advanced as worthy of further investigation. 

ACTINOMYCETES tvt j 

S. A. Science 79: ic, 1 r l; .^ ab ° UraUd Medlum for Cultivation of Acid-Past, Scudder, 

Sto^Tper ^ 1 f °“ ,,d s atisfactory : 
unfiltered beef heart or veal infusion W 1 i PP1 CCi ' t: fla,Sed agar » LS P er cent; dissolved in 
sary. If desired, glycerin and other earbThvd^ 7^**' adj,,st,,,e " t of “action is neces- 

as slants favors the development of aei if *** ° S ma ^ a <^ed. The use of the medium 

the appearance of the acid-fast portion* * as t“ css in about four days. Simultaneously with 
develops upon the upper portion of the sin gr °" tb ’ a grayish-brown powdery substance 

MICROSCOPY, Using a “Dry” Micros 

Science 78: 537, 1933 COpe 0b ^ ective on Uncovered Objects, Sauer, P. C. 

By attaching a cover glass temnor-iriK- t .. n 

or water) the study of uncovered objects s JL « S (by * fllm ° f C£dar “h”” 1 ° 51 ’ 

J greatly improved. 
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Her Krebs, seine En— „ „,„ ,_ 

A. THEORETICAL discussion which defines is (1) a dis.turl.ance of the life torces 

A o£ th e three factors which ™S?> latc ’ * ai influence or excess of pathological dis- 
sident in the cell, (2, a lack * of the vegetative nervous system, 

hormonal influence, and (3) lack ot the P cancerous transformation or the 

Disturbance of all three factors cat**. *e J 
cell; disturbance of two factors produces the preeanecrou 


Die normale und patbologiscbe Physiologie der Milzi 

tv and conflicting evidence concerning the 
'T'HE author modestly acknowledges the scan 7 g m personal attempts to decide 

t functions of the spleen and states t ia ,e y je 0 f assistance to others working in 

certain disputed points. He hopes that ’“V .' tfce fact that removal of the spleen in 

this dark and difficult held. One of the a ^ in rat3 and many other experimental 

man causes no detectable symptoms '' 11 infection and a rapidly fatal anemia. Ap- 

s i» - m a.y. ;» ■ wo™. M* b «— »r w 

parently most laboratory animals inr > srfleneetomv. In the various chapters the 

I. d,„k », .... spleen bn. * «■“ *££££„ „d l-oMte » . 

spleen is considered as a bloo reserv a ^ ^ , nfluences Uie digestive tract and metabolism, 
protection against infections and * r 

and as an organ of internal secretion. 


Das Chlorophyll als Pharmakon? 


„ „: r . moment of the plant world, lias recently 
pULOHOlMIYLL, the common green r ^ ^ ^ ^ ^ foun d to he closely rc- 

'-been studied intensively by ^ red respiratory pigment of the animal 

latod in clicimra strm tu - b ’ • , tnll . t ure made up of four pyrrole groups and 

uorM. The .melons of in ...dorophyil. In cases of anemia it would 

metal, iron in. '"““s"' ' ;t . atioIl " tll supply this pyrrole nucleus for the building of new 

Mood *' 'In "tki'et, '’both 0 blood and chlorophyll have been so Used but the results are no better 
than are obtained by the administration of simple forms ot iron Lurgi, however, finds that 
ehloropln 11 has a sery general tonic effect on all the organs and tumt.ons ot the bodv , it 
lone, the heart and blood vessels, it iner.-as.-s peristalsis, it lessens the tatigue or nerve 
muscle preparations, etc. He finds that rabbits fed green vegetables are brighter and more 
active and we all know that tl.e old ™» '<* rejuvenated when si,.- gets green gra.-s ... the 
spring, tireen vegetalde,, hov.ever. eontain also . arotinoids, vitamins :iml other products, 
Imt itiirgi finds that extracted chlorophyll has this same tonic effect and is more completely 
at.sorl.ed than is elilorophyll taken ill the form of green vegetables. 


• 1>t Kith**. m In** llnlal* hvinji uml Kikl.iruni;: < m*; blolu^L-ch*: Stu«ii*\ 

:ma KxpUnaUiiti . .» Illi4usii.il Stu«l>.> H> A. W. Kukowka. Wilh. lm Mau<___ 

\\jU> normal** \m»l l'U> Mulo^lc tit r Mils. (The Normal and Pathological 

l*h> witilituV < ls »* ll> Krn*»l Utud.u rrli.tn &: .^c hwarzenher^, L5* rlin. " 

fhl*»rui'h>ll .*K liy 1'mil P4ir»k 0*.»>r;c Thi«*ni»*. J^dpzin. 1033. 
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... (Cancer, Itn Origin 
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The Anatomy of the Rhesus Monkey" 

ONSIDEIil NQ t lie extensive use of the rhesus monkey as a laboratory animal, it is strange 
'^-'tliat some such publication as this volume has not hitherto been available. 

While not, strictly speaking, a textbook, the volume nevertheless represents the lirst 
comprehensive description of the anatomy of the old world monkey and as such may justly 
be regarded as a pioneer in this field. 

It consists of eighteen chapters representing the studies of competent contributors 
thoroughly familiar with their subject. 

Each contributes a detailed study of a definite field so that the volume as a whole 
covers the subject in its entirety. 

It is, of course, not to be expected that the volume should approximate in character the 
textbooks of human anatomy because of the limited numbers of dissections and anatomical 
investigations upon which its studies are based. 

Nevertheless, the research worker and the student of comparative anatomy will find 
in its pages much that has not before been subjected to extensive study or comprehensive 
description and while future studies may, to some extent, lead to modification or revision of 
this or that section or portion of a section, the work represents a contribution of great value 
and definite utility. 

Very wisely, it seems to the reviewer, and contributing to the usefulness of the book, 
the B. N. A. nomenclature, rather than that of comparative anatomy, has been used through- 
out. 

An appendix contains an excellently written and illustrated account of the housing and 
care of monkeys which should prove most useful. 

The contributors, editors, and publishers may be congratulated upon the production 
of a useful volume. 


A System of Clinical Medicine! 

' I ' HE fact that this book, addressed particularly to students and practitioners, has readied 
^ a ninth edition is prima facie evidence of its practical character and usefulness which 
becomes evident even with the most cursory perusal of its pages. 

There are many books concerned with clinical medicine and the problems confronting 
the practitioner, all having their place and value. Few, however, will in a broad sense 
possess any greater utility than Savill’s. 

This is largely due to the somewhat different, and original plan upon which it is based 
iu presenting the subject from the purely clinical standpoint, the bedside point of view, 
as it were, in which the problem confronting the physician is to correlate the symptoms 
observed with their underlying cause. 

The discussion of each condition, therefore, is approached from the following angles. 

First, a discussion of the symptoms and their possible causes in which is presented a 
comprehensive outline of the signs indicative of disease in the organ or region under dis 
cussion, as well as a discussion of the fallacies incident to their detection and a differen ia 
account of their various possible causes. 

Second, a discussion of the physical signs in that region and the methods of elieitm 0 


them. 

Third, a clinical classification of the various diseases affecting the region in question am 
a discussion of the various diseases arranged in accordance with their clinical relationships. 

By this arrangement the reader is presented with a very- useful clinical index of “ 
eases and finds himself reading the diagnosis, prognosis, and treatment of the disease a 


■•The Anatomy of the Rhesus Monkey. Edited by Carl G. Hartman and "A illiam L- 
Straus Jr. Cloth, 122 figures. The Williams & Wilkins Co., BnUimore. AW- cloth , pp . 

tA Svstem of Clinical Medicine. By Thomas Dixon Savill, M.D. Nmtn eu 
1003, 163 illustrations, 6 colored plates. William Wood and Co., Baltimore. - 
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hand and also, in immediate proximity finds a description of conditions which clinically and 
pathologically often more or less resemble it and thus may be mist *en lor t . 

For degree of success the carrying out of such a plan necessarily requires a foxmda- 
tion of broad and digested experience. That Dr. Sayill has been successful m Ins pro 3 ect the 
volume itself bears witness. 

The present edition, thoroughly revised and brought up to date, brings to the practi- 
tioner and student an exceedingly useful and well-written presentation. 


Food-Borne Infections and Intoxications* 

W HILE food poisonings and food infections are relatively unimportant as a cause or 
death, a sufficient number of outbreaks occur to warrant an understanding or their nature 
and mechanism. 

In this book, a companion volume to the author's previous text upon The Microbiology 
of Foods, food infections and food intoxications are presented in a thoroughly comprehensive 
and satisfactory manner. 

Those interested in this subject will find in this hook practically the information avail- 
able concerning everv type of food infection or poisoning on record. Under each heading 
will be found illustrative case reports and records of outbreaks, the bibliography being 
exceptionally full and complete. The style is clear, simple, and eminently understandable. 

This book and its companion should be of interest, not only to the physician who may 
he confronted with outbreaks of this character as well as with others simulating food poisoning 
but really something else, but especially to health officers and laboratory workers who may be 
called upon to study such outbreaks. 

It can be recommended as a thorough and comprehensive study of a subject not always 
clearly understood. 


Textbook of Pathology* 5 " 

'T'lIlK well-known book requires no introduction, having served as a standard text for the 
* last decade. 

In this, the third edition, will be found a number of changes and additions, not only in 
the text, some portions of which have been entirely rewritten, but also as concerns the illustra- 
tions, a number of which are new and all of which in general will he found adequate. 

While following in general the common division of the subject into General and Special 
Pathology, this distinction has not been overemphasized. Eased upon the author's experi- 
ence as a pathologist and teacher, the volume will he found practical and of value, not onlv 
to the students to whom it is particularly addressed, hut also to the clinician and, as hereto- 
fore, as a work of reference. 

There is an adequate index. 


Die Spezifizitat der serologischen Reaktioneni 

'T’lllS is an attempt to bring together, coordinate, and interpret tor German readers the 
A results of Ins own investigations and those of his coworkers and to discu-s the verv difli- 
.ult problems of biological specificity, especially from the chemical standpoint. He takes up 
.a order the specificity of proteins, of cell antigen, and antibodies; then the speciticitv of 
serological reactions with artificial emphx antigen, and finally the -pecilic cellular substances 
M “ 11 :| - ,!l '' - i’ceific carbohydrate, and lipids. It ha, copious reference, amt an index 
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''-''that some sueh publication as this volume has not hitherto been available. 

While not, strictly speaking, a textbook, the volume nevertheless represents the first 
comprehensive description of the anatomy of the ohl world monkey and as such may justly 
be regarded as a pioneer in this field. 

It consists of eighteen chapters representing the studies of competent contributors 
thoroughly familiar with their subject. 

Each contributes a detailed study of a definite field so that the volume as a whole 
covers the subject in its entirety. 

It is, of course, not to be expected that the volume should approximate in character the 
textbooks of human anatomy because of the limited numbers of dissections and anatomical 
investigations upon which its studies are based. 

Nevertheless, the research worker and the student of comparative anatomy will find 
in its pages much that has not before been subjected to extensive study or comprehensive 
description and while future studies may, to some extent, lead to modification or revision of 
this or that section or portion of a section, the work represents a contribution of great value 
and definite utility. 

Very wisely, it seems to the reviewer, and contributing to the usefulness of the book, 
the LI. X. A. nomenclature, rather than that of comparative anatomy, lias been used through- 
out. 

An appendix contains an excellently written and illustrated account of the housing ami 
cure of monkeys which should prove most useful. 

The contributors, editors, mid publishers may be congratulated upon the production 
of a useful volume. 


A System of Clinical Medicinet 

nr HE fact that this book, addressed particularly to students and practitioners, has reached 
1 a ninth edition is prima facie evidence of its practical character and usefulness which 
becomes evident evi n with the most cursory perusal of its pages. 

There are many books concerned with clinical medicine and the problems confronting 
the practitioner, all having their place and value. Few, however, will in a broad sense 
possess any greater utility than Savill’s. 

This is largely due to the somewhat different, and original plan upon which it is based 
in presenting the subject from the purely clinical standpoint, the bedside point of ucv, 
as it were, in which the problem confronting the physician is to correlate the symptoms 
observed with their underlying cause. 

The discussion of each condition, therefore, is approached from the following angles. 

First, a discussion of the symptoms and their possible causes in which is presented a 
comprehensive outline of the signs indicative of disease in the organ or region under dis 
cussion, as well as a discussion of the fallacies incident to their detection and a differentia 
account of tlicir various possible causes. 

Second, a discussion of the physical signs in that region and the methods of eliciting 
them. . , 
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By this arrangement the reader is presented with a very useful clinical index of < is 
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state and who maintained that state through 1932. The rate was even higher 
than that for the “chronically poor” group, those who were poverty stricken 
in 1929 and 1932. 

The rate of disabling illness in families of the unemployed was 25 per 
cent higher than that in families containing part-time workers and 39 pei cent 
higher than that among families of full-time wage earners. 

These conclusions are such as one would anticipate, and could easily foim 
the basis for generalizations regarding the effect of a financial depression on 
sickness in general. The authors, however, very wisely emphasize that conclu- 
sions should be drawn only on the material studied. They make uo attempt to 
draw broad implications and caution the reader to exercise similar restraint. 
The group is relatively small and does not necessarily represent a cross-section 
for the United States. They also point out that specific interpretation of in- 
creased illness rate in terms of impaired vitality cannot be made without 
knowledge of the nature of the illnesses experienced. 

In this study the results were what one would expect. In another recent 
analysis 3 they were the reverse. Deaths from tuberculosis in 28 states surveyed 
were lower in 1932 than in any of the preceding four years. The fall in rate 
lias followed the regular established curve for tuberculosis, apparently un- 
influenced by the depression. The rate per 100,000 in 1928 was 77.3 ; in 
1932, 60.4. 

A very interesting example of the difficulty of drawing statistical conclii- 
• sums from relatively small figures is reported by C. il. Smith in his study of 
housing conditions and respiratory disease in Glasgow. 3 This also was in a 
measure an economic survey. The prevalence of respiratory disease was studied 
in two Glasgow areas, one a poor-class quarter, a slum district, and the other 
a rehousing area. The latter corresponds to our model tenement developments. 
The survey covered an entire year. The inhabitants of the two areas, number- 
ing about 1.000 each, were in comparable economic states, but the housing 
facilities in one group were presumably much more sanitary than in the other. 


To our surprise we find that there was a greater morbidity from acute re- 
spiratoiv disorders in the rehousing area than in the shun quarter. Here we are 
presented with an apparent paradox to the anticipated, and the explanations 
presented are based upon isolated observations rather than figures. Smith states 
that the results cannot he taken as evidence tiiat improved housing conditions 
have been without effect on the prevalence of respiratory disease for the fol- 
lowing reasons. In the slum district 20 per cent of the population were foreign- 
ers. chicity -Jews and Lithuanians, among whom there was less unemployment 
and dietary habits were better than in the rest of the population. The willing 
ness of informants to report cases is a factor, and the author believes that re 
porting of illness was more aceurate in the model tenement group. Theoreti 
cully, provision in the model tenement district allowed for fewer persons pm 
room, there being only about one-tilth as much overcrowding. As a matter of 
fuel a large proportion of the rehoused population, not long removed from the 
Gums, continued to iwe just one Of their several rooms for sleeping, espeekdh 
11. cold weather. heivinre. during the night, erowding was j,,si as pi-valent 
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EDITORIAL 


The Hazards cf Statistical Interpretation 

A SURVEY of the effect of the economic depression upon sickness lias beeu 
undertaken by Perrott, Collins and Sydenstricker. 1 The completed anal} 
sis will he based upon the records of illness in 1933 as compared with the eeo 
nomic history from 1929 to 1932, in more than 12,000 families in eight 
cities, a group of coal mining communities, and a group of cotton mill villages. 
The authors’ preliminary report presents the preliminary results in tluee o 
the large cities, Birmingham, Detroit, and Pittsburgh. This comprises a gioup 
of 2,566 families, 11,330 individuals. They find a definitely- higher incidence o 
disabling illness among individuals in the lower income classes than jmon e 
those with higher incomes. The highest sickness rate is reported in the 
which in 1929 had been in reasonably comfortable circumstances but w 110 1 ^ 
1932 had dropped to relative poverty. The sickness rate in this group 
per cent higher than among those who in 1929 were in comfortable ec 
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state and who maintained that state through 1932. The rate was even higher 
than that for the “chronically poor” group, those who were poverty stricken 
in 1929 and 1932. 

The rate of disabling illness in families of the unemployed was 25 per 
cent higher than that in families containing part-time workeis and 39 per ceut 
higher than that among families of full-time wage earners. 

These conclusions are such as one would anticipate, and could easily foim 
the basis for generalizations regarding the effect of a financial depression on 
sickness in general. The authors, however, very wisely emphasize that conclu- 
sions should be drawn only on the material studied. They make no attempt to 
draw broad implications and caution the reader to exercise similar restraint. 
The group is relatively small and does not necessarily represent a cross-section 
for the United States. They also point out that specific interpretation of in- 
creased illness rate in terms of impaired vitality cannot be made without 
knowledge of the nature of the illnesses experienced. 

In this study the results were what one would expect. In another recent 
analysis 2 they were the reverse. Deaths from tuberculosis in 28 states surveyed 
were lower in 1932 than in any of the preceding four years. The fall in rate 
has followed the regular established curve for tuberculosis, apparently un- 
influenced by the depression. The rate per 100.000 in 1928 was 77.3 ; in 
1932,60.4. 

A very interesting example of the difficulty of drawing statistical eonclu- 
- sions from relatively small figures is reported by C. M. Smith in his study of 
housing conditions and respiratory disease in Glasgow*. 2 This also was in a 
measure an economic survey. The prevalence of respiratory disease was studied 
in tw'o Glasgow* areas, one a poor-class quarter, a slum district, and the other 
a rehousing area. The latter corresponds to our model tenement developments. 
The survey covered an entire year. The inhabitants of the two areas, number- 
ing about 1,000 each, were in comparable economic states, but the housing 
facilities in one group were presumably much more sanitary than in the other. 


To our surprise we find that there was a greater morbidity from acute re- 
spiratoiy disorders in the rehousing area than in the slum quarter. Here we are 
presented with an apparent paradox to the anticipated, and the explanations 
presented are based upon isolated observations rather than figures. Smith states 
that the results cannot be taken as evidence that improved housing conditions 
have been without effect on the prevalence of respiratory disease for the fol- 
lowing reasons. In the slum district 20 per ceut of the population were foreign- 
ers. ehietly .lews and Lithuanians, among whom there was less unemplovmem 
ami dietary habits were better than in the rest of the population. The williim- 
nes.N of informants to report cases is a factor, and the author believes that re- 
porting of illness was more accurate in the model tenement group. Theoreti- 
eally. provision in the model tenement district allowed for fewer persons per 
mom. there being only about one-fifth as much overcrowding. As a matter of 
taet a large proportion of the rehoused population, not long removed f„„ u t h e 
slums . continued to use just one of their several rooms for sleepin- especiallv 
m void weather. 1 herefore. during the night, crowding was just as prevalent 
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in the rehousing' district. The study illustrates beautifully some of the difficulties 
encountered in undertaking field surveys and drawing conclusions therefrom. 

There is perhaps a natural tendency in making any statistical analysis, how- 
ever small, to accept as accurate those figures which appear to substantiate what 
one’s judgment or one’s theory leads one to believe to be correct. Too often one 
is inclined to overlook the tremendous number of units required before all 
variables become negligible. The requisite total number varies, naturally, with 
the subject matter studied. Also, unfortunately, in many types of surveys 
in which statistics must be employed, sufficiently large numbers are actually 
not available. 

This should not rule out the possibility of recourse to statistical methods, 
but when these are used one would do well in drawing conclusions, even though 
they appear entirely correct, to adopt the cautiousness manifested by Perrott, • 
Collins and Sydenstricker, in applying conclusions only to the material studied 
and avoiding unjustified generalizations. 
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vary in size from the ordinary azure granule to the granules and rods known 
as chondriomes and mitochondria found in various tissue cells. It is not these 
that form the subject of this communication, but linear forms; namely, (a) ir- 
regularly wavy or filamentous lines which may assume a definite spirillar form. 
These correspond to the chondrioeontes of cytology (Fig. 1). (b) Curved or 

angular lines marked by nodal thickenings. Some of these are definitely flexed 
at the nodal thickenings and may be called “geniculate bodies.” (e) Brandling 
lines or “mycelioid” bodies. There is sometimes a round thickening at one end 
as shown in Cell 6 of the figure, (d) Other forms include (1) “beaded” forms, 
which appear as rows of fine dots lying in a linear vacuole. These correspond to 



mm jgn 


Fig. 1. — Nine cells are shown, each from a different case cf malignant disease. £ 
show cytoplasmic structures, and one shows an intranuclear body. Magnification . 
larger than that apparent with the ordinary oil immersion lens and medium high ocuiar, 

X and 2 are hyaline leucocytes. The rest are monocytes. Coccnl forms: Cells 1, , 

7 show the ordinary fine azure granules. Cell 1 also shows a single granule in a \acuo 
a diploid body in a vacuole. Undulant and spiral forms are shown in cells -i. ** r * 

Noded or beaded lines in cells 1, 2, 4. and 5. Spirillar form with globular end in ceil -• - j 
Hold form in cell 6. Protozoal form in cell 9. Cell 7 was considered possibly a sarcoma 

chondriomites of general cytology, (2) intranuclear bodies in vacuoles, showing 
a very fine granulation (Cell S of figure), (3) larger bodies occasional!} occur 
which might easily be mistaken for protozoa. 

Possible Errors of Interpretation . — Spiral bodies may be simulated by edges 
of cell substance wrinkled by spreading the film, so that an optical eft ® ct ^ 
duced. Nodal points may be passed by as being simply azure granu es, 
ments being overlooked. Azure granules may appear to he eonnec 
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WOrA Tut K ^'^ XrTnW nt Study eau come within the scope of 

routine work. a Umvnt;trv tract inelude all tumors 

As regards the first eolumn. e s s m - n , u . rm .. opithe- 

p rimary m the «“'tnaeh m <mwa ^ ^ Wal or iu Uw upper alimentary 

lioma” eovem eases w i < . The ue ., ;i uve eases in this group were mostly 

tract as tar as t ic eau nu • ^ must t) j the negative results, one ease 

esophageal. Sarcomas appeal I i1r . 1v W!1S one ease of iihrotnyoma 

' v;is a myxosarcoma ;1,u 1,110 ,‘ l ,' } i ^ surpv isiug that these should yield negative 
turning malignant. Perhaps it is not sui pi 

"‘“The teritad » *• ikfimu-ly ,„«m«llwuu.e- full m.» (»ur 

m definitely healthy pei-sons, (2) students who were apparently in good health, 
(3) uatients admitted to hospital without organic disease as lav as Wvv 
hernia, fracture, hemorrhoids), (4) various medical and surgical eases eon 
sideved to be certainly nonmalignunt. Some of these gave positive results . 0 

these, details were available in sis, two being cases ot suppuration, one ot tubei 
eulosis with pyopneumothorax, one of simple goiter, one ot Hodgkin s diseas, 
and one a chronic mastitis (therefore possibly preeancerous) . 

A considerable number of “suspect” cases could not be included m tV 
table, as it was felt that pathologic confirmation was desirable bet ore the ca: 
was eligible, considering how effectively other diseases sometimes mimic fiance 
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Patients under Radium Treatment . — A definite fall in tlie proportion of 
patients who show these bodies is noticed, and in the others a longer search was 
required before they could be discovered. 

No note is here made of the relation between positive findings and stage of 
disease. It has been found that even histologically, early cases may show the in- 
clusions. But some of the “negative” results were furnished by clinically early 
cases. 

DISCUSSION' 

Filamentous and other cytoplasmic structures are considered by eytologists 
to be integral components of any cell. But they are not specially referred to in 
textbooks on hematology as being discernible in ordinary blood films. The exact 
counterparts of those under discussion are, however, figured in, for instance, 
E. B. Wilson’s classical work on The Cell. Similar bodies are described and 
discussed in the literature on virus diseases, and the question as to their nature 
and significance may be discussed on the same lines. 

A. They may be intrinsic in the cell: (i) normal products of cell metabolism, 
or of growth, or of cell division. Here belong mitochondria, filamentous cliondri- 
oeontes, beaded chondriosomes, lepidosomes, metaehromatie, secretory, or other- 
granules, Golgi apparatus; 0 (ii) nuclear in origin; chromidia, spirem threads, 
chromosomes; (iii) degenerative products. 

One has to decide between (i), (ii), and (iii) before deciding that a given 
cell really contains the particular bodies in question. Granules are not rioted. 
Hence, the difficulty of deciding whether a granule is a degenerative product or 
a secretory product is evaded. The position of filamentous mitochondria in the 
cell economy is also not agreed upon by eytologists. For the present purpose, 
it is, however, convenient to refer to these bodies as mitochondrial, though they 
do not give the classical staining reactions. 

Definite mitochondria can be seen quite frequently in neutrophile leucocytes, 
especially in pyogenic infections, as well as in malignant disease, presumably 
owing to the depletion of the granules, which renders them visible. But the 
similar bodies in the monocytes do not give the same staining reaction with 
Leishman stain. 

They may be classified as chondriosomes in that the latter are regarded as 
phospholipoid in nature 3 (pp. 47 and 223), and Giemsa will stain such materia 
the same way as it does these bodies. 

ii. Nuclear origin: Chromidial extrusions are commonly seen in circulating 
blood cells, and they have been noted especially in cases of malignant disease. 
They are also numerous in health under a purin rich diet. 3 But these extrusions 
never attain the length of the bodies in question ; they are of drumstick oi 
spiculated form. Perhaps the occurrence of long ex-nuclear lines likewise ce 
notes increased nuclear activity, material passing out into the cytoplasm. 

The noded lines may be of nuclear origin also, if one regards the cytoplasm 
as permeated by canalieuli down which granules of nuclear matter piocee ou 
ward into the eireumeellular fluid. The inter-nodal lines would then e a c<n 
as optical effects produced by the canalieuli. The myeelioid forms m a 1 
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pIVwinY. 

H. Tiu-v tn.iv i:,. r\irniM<- t * * t!.»* <,TI. (t . 1^* «»ti 'iM'.'iii 1 ' to malignant 'ii-.’.i 

(a) .irlfi.i'T^. Mifii .is < ..iit.nuiu.it inn v.itii »-%t r.iin <>u , olivet ■>, - .jisr>.‘*}i> ti 

j>]iysic,il -tainiug rff<ets; <b' phagoey to-* d oruMitisttn. tiii Sju rjii.* !<» * ii <* di.- 
fiiM* (a* in cUoluoif ri'l.i’ioiidiiji. tin not -•>. 

Ho (i) il>!. In favor: i 1 i Tin* Staining reaction. On tin* one hand. ordi- 
narv pathogenic bacteria do not slant red vvitii l.ciMiinait '.lain. whcticr 1 r* ** or 
within tnutrojihilc Icucocyi. s. (In the other, experiment-* m;nie !>y me have 
shown that j.rotoioa and myeomyeete*. from insect iiitediiie stain the same color 
as to ilie'e miluehondri.il bodies after jiliavtoevtosis by human buroeyt, s, 11 -dng 
ojisonie technic. In the ea-c of the [eueoeytes in malignant disease both m u* 
trojiliiles and monocytes may show the bodies. yet those in tin* neutropiiihs stain 
like ordinary bacteria, whereas the others take on the red color. It is, therefore, 
feasible that one is dealing with phagoevto>is in each ease, but the tvjie of 
organism is different or its reaction in the cell is different. f‘2i Carcinomatous 
tissue frequently contains haeteria. Chvrated tumoi's are necessarily infected. 
But even other tumors prove to contain various organisms. It would appear 
that neoplastic tissue attracts various organisms which may he circulatin'.; (as 
they do even in health), so that they gradually accumulate in the tissue.' A 
number of recent publications discuss the bacterial content of tumors and sug- 
gest it as a cause of increased virulence of the neoplasm, especially in the cervix 
eases. 1 ' ‘ In fact, bacteria might even he necessary to the grow th of tin* neoplasm, 
so that the therapeutic attack should commence upon them. 

Now the flora of these infected tumors is multiple. They, therefore, mav 
jirovide both types, those taken up by the neutrophiks, and those by the macro- 
phages, with the corresponding difference in staining effect. (:i) Histologic 
study shows that there is at least every opportunity for both orders of cells 
(invariably present in and among the tumor cells) to take up these organisms 
and return to the blood. Fragments of mycelium, and noded or geniculate 
bodies have been identified in specimens from eases in which the blood has shown 
the inclusions. 

Against: (1) even though ingested by monocytes, even the higher bacteria 
should be stamable with special bacterial stains, yet they are not? (2) There 
must be enormous numbers of these organisms circulating in the cancer case 
seeing that some arc present in every cubic millimeter. 

Hen. (Are they specific?) (a) In etiologie relationship? In favor: (1) 
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They are found in the tumor cells also; (2) some authorities on virus diseases 
incline to the idea that the inclusions in those diseases are specific; (3) absence 
of ordinary staining reaction for known bacteria (at one time the mycelium of 
actinomycosis could not be demonstrated in the tissue-lesion) ; (4) the nodes in 
the geniculate bodies may be similar in function to the arthrospores of strep- 
tococci, etc., or of sfcreptothrix. 

Against: (1) The evidence that they may be simply phagocyted organisms 
which certainly do not cause cancer; (2) tumor cells are able to phagocyte such 
organisms (but the presence of such bodies is taken as itself evidence that 
tumor cells can ingest organisms); (3) most workers do not regard inclusion 
bodies in virus diseases as causal (on the other hand, this is merely an expression 
of opinion, either way) ; (4) they have not the individuality, e.g., of malarial 
plasmodia. 

(b) Not in etiologic relationship? That is, are these bodies not the actual 
virus, but vectors of virus? In favor: (I) There is nothing intrinsically impos- 
sible in ex-nuclear material being a bearer of ferment or zymogen, seeing that 
intracellular ferments must inhere in some concrete cell constituent anyway. 
Therefore, such material can equally harbor a virus. (2) There is the analogy 
of the chromosomes, which bear highly complex potentialities. 

Whatever be the origin and nature of these bodies, there remains one prac- 
tical fact, namely, that the subject of malignant disease has bis blood “loaded” 
with the material in question, even at an early stage in the case. Therefore, if 
the answer to question B ii (a) is positive, it would mean that the monocytes 
carry virus about the body, and that metastases might arise even if tumor cells 
did not become detached. The whole body would be diseased almost from the 
outset, and it would not be a matter simply of an initial local lesion. But if 
the answer to question A ii be positive, the findings in the blood films would be 
interpreted in the sense of a nonspecific chromoplastic activity, and one would 
understand why such conditions as extensive abscess formation sometimes also 
furnish similar bodies in the blood cells. 

On that last view, the findings may simply reflect the outpouring of cytotoxic 
and cytotoxic products by the neoplasm itself, an event which need not he con- 
tinuous, and need not occur in all stages. The new tissue may be “closed br 
fibrosis, or “open” (only a lymphocyte barrier). In the former ease the mono 
nuclear leucocytes reveal nothing, whilst in the other case they contain these 
bodies. It has been found in the course of this study that the blood is actual > 
not always equally rich in the mitochondrial bodies even at all times in the c ay 
The nucleo-irritative products seem, therefore, to vary in amount, apart B° m 
the defensive tissue reaction. Perhaps this defensive reaction explains the is 
appearance of the inclusions after successful radium therapy. 

It may be noted that in a few cases the benign or malignant nature o * 
palpable tumor could be decided correctly by means of this search for ce 
elusions. 

SUMMARY 

A description is given of certain filamentous, spirillar, and geniculate stl ^ 
tures seen in (especially) the monocytes in a high percentage of cases o ma 
nant disease, and in very few cases which were clinically nonmalignan . 
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They arc demonstrable only with Gicmsa staining or by Reishinaii 's stain. 

They may disappear from the blood after sueeessful radium therapy. 

Their possible nature is dismissed. 

During the p:u>t soar, libi'inl facilities for bringing this study to maturity were 
furnished hv l)r. E. W. Arehibabl, Director of the Department of Sntgery of MeOill Uni- 
versity, so that material became accessible from the Koval Victoria Ho-pital. the Montreal 
General Hospital, and other hospitals in Montreal. Thankful acknowledgment is here 
extended to the physicians and surgeons who plaeed their eases at disposal. 
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TIIE TOXEMIAS OP PREGNANCY* 


II. The Nitrogen Metabolism 


Allan- Winter Rowe, Ph.D, Mary A. McManus, A.B., and Gertrude A. 

Riley, A.B., Boston, Mass. 


a previous communication 1 the senior author has discussed some evidences 
. u b ® pat ' c f actor in the group of widely- diverse conditions generally 
C p 6 ^ ® toxemias of pregnancy.” These evidences were among the results 
o an elaborate chemical and laboratory study of fifty pregnant women who 

exhibited some one of these toxic conditions. "omen who 

of tl! he basis , ° f Se l eetion ’ the method of study, and the general composition 
group have already been considered in the paper noted above 

w , D + f a d 7 ved from the ^udy of seventy-seven women studied repeat. D 
both throughout a normal pre»nan.vr aT ,ri f n , „ , repeatedly 

have served as , control . the,o'“lTLTl ‘ ° , S 

discussion. 11 be drawn ".on, as needed, for the ptescnt 

mMsm ’ “ ev iCeneed 

•From the Evans Memori-il at. 

Received for publication jin T,f Us Memorial Hospitals. 

Read before the Section ' i l?-, 1933 - 

M "““' -o.Afeffi.SS'jS s „. 
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women, only one-thinl ot whom were in their first 7"“ "'™" P ol,,et 

of whom gave histories of extensive chi Z j„l *4? 77 ‘ 

coming in the stud v tlmf . UUo< Ao evidence was forth- 

characterizing the primiparas a ** ° <ltl ° U ^ l ° rCSUlts differin ff from those 

varied! 1 ' atee-Whs * £ T ^ ° f the t0xic ™ 

remainder showed only a general distribution. 111 ^ ^ ^ “° ntll ' S; the 
n considering the protein exchange, the total nitrogen in the urine is 



Chart 1. 


tinn nnri . 3S ** lnei ? sme °t the absolute protein utilization, since skin elimina- 
tlip inrit. 61 I 1108 * cucu ™stances is but an inconsiderable fraction. Further, 

, • f e J U Cnt quantitation of several individual components whose suin- 
l f ^ einunes the total value is significant, as the metabolic origins of 
,, . action aie widely differentiated. The original metabolized protein is 

e so e ac 01 common to them all. To illustrate, urea is the indifferent 
oim in v ue t e principal amino-acid waste is eliminated, while ammonia, 
on t le ot lei hand, is the end-result of a defeuse mechanism mediated by the 
kidney to aid in the elimination of certain acid metabolites without deplet- 
ing the blood of its essential fixed alkali. The so-called “nitrogen partition” 
deals with the four major components, urea, uric acid, ammonia, and ere- 
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atinine, and then assembles the remainder of the numerous nitrogen-contain- 
ing substances into a single fraction called the “residual'' nitrogen, which 
is determined by difference. Folia 1 established certain criteria for normal 
partition values and the few later studies on normals (Matthews, 1 Long and 
Gepliart, 4 ** Rowe and Proctor 1 ') have been broadly contirmatorv. ihe last 
authors 40 confirmed earlier observations that the residual fraction showed a 
relative increase when the total nitrogen was diminished and by a synthesis 
from their own data, with those of Folin (he.) and Smith, - ’ defined the curve 
representing this relationship. 

Briefly, with a total elimination exceeding 8 gtn., there is seemingly a 
fixed relationship at something less than tj per cent. At levels slightly below 
this minimum the curve takes a sharp progressive upward trend and soon 
assumes large magnitudes. In a number of studies the senior author has 
defined the upper normal level of residual nitrogen at !) per cent where the 
total elimination indicates a protein exchange above the conventional main- 



C/rams 7~oC o/ MCr&yen 
Chart 2. 


tenanee level of 7 gm. of X,. Further, he has shown that values above this rather 


generous limit are one general index of a disturbed metabolism arising from 
a very wide variety of causes. This value then assumes a special significance 
in the assessment of the normality of the individual metabolism. In an 
earlier paper 6 dealing with the normal control group, the average nitrogen 
elimination was reported as relatively constant, at least during the last 
twenty-four weeks of pregnancy, and lying at a level slightly superior to 
maintenance. When one remembers, however, that the mother is storing 
protein in amounts far in excess of fetal needs, the adequacy of the catabolic 
exchange shown by the urine level assumes an added significance. 

Turning now to the actual results of the study, the significant figures are 
grouped in tabular form (Table I). c 


The identity of the two total nitrogen values in the normal series ante 
and postpartum, is fortuitous. Comment should be made, however, on the fact 
that following delivery the antepartum storage seems to be replaced bv a 
different factor which also produces the common end-result of low urine 
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Table I 

Nitrogen Partition in Urine 


DATUM 

| NORMAL 

1 TOXIC 

A.P. 

P.l\ 

A.P. 

P.P. 

-total nitrogen 

(«>»■) 

3.03 

3.04 

0.93 

S.33 

Urea nitrogen 

(%) 

79.0 

S0.8 

77. S 

80.S 

Urie arid nitrogen 

(?&) 

2.3 

1.9 

3.1 

2.S 

Ammonia nitrogen 

(96) 

5.0 

5.1 

4.2 

3.3 

Creatinine nitrogen 

(96) 

4.7 

4.2 

4.7 

3.7 

Residual nitrogen 

(96) 

7.9 

3.0 

10.2 

9.4 

Per cent with residual more 

37 

33 

05 

4S 

tlum 9 % 

1 






nitrogen. Naturally, the actual loss of protein through the breast milk comes 
into consideration here. Urea is slightly low in both periods, though post- 
partum it evidences a possible beginning recovery to the usual normal levels. 
This is no more than yet another report of the low urea which has come to be 



M^eeAs /before JDe//very 
Chart 3. 

recognized as a normal feature of pregnancy. A high urie acid during 
pregnancy shows a drop to a more normal level when the strain of gestation is 
removed; ammonia is slightly but definitely high; the average for residual 
nitrogen is well within the normal range, but about one-tliird of the series 
show values which are absolutely high. 

In the toxic group, several differences at once present indicating the 
general disturbance of metabolism associated with the toxic status. The total 
nitrogen is significantly lower. Even though this could result from au im- 
paired appetite and lowered food intake it would still be an evidence o 
toxicity. To render this depression more .apparent, the individual measure- 
ments are plotted in Chart 3. The curve marked “normal” derives from 
the average data of the control series and serves as a delimiting boundary. 
But few of the observations fall above its level, while the great majority are 
significantly below. 






uowt*. v:r 


•lOXl.MIAS UK IMtr.GNANCV 

• t\U lower uric acid still higher, wliilc the 
Of tlu* other figures. ure.i is • a ||„xvanee for the normal, ami 

residual fraction is frankly ah«M* n turt ,. With the emptying <>l 

Uvo-tHirils of tin. 1 ^rimp v<0 in ,,.|au.,„ to » • "* 1 

the uterus, the nitrogen i> M> residual nitrogen tails 

group, urc-ii rfe* -WW-ly ^ ^ M „,, s0 

both in amount and m the Ircquemj <> (U .jj Vt . ry . the time faetor 

were examined during the tortmg > > ^ ^ mmv significant of a 

large ami the trend toward nmma (han ju tlu , „„rmal series, 

changed status. Ammonia is .riches the conventional normal 

In the postpartum period it moi» t <s • ^ alkali through the milk 

than does that in the control series ati(m „ f th<f anomaly is not 

should affect both groups cqu.dU aeitl shows a slight down- 

directly forthcoming. above the normal. Pr.,1.- 

ward trend but remains at a hi bd Inanv () f the cases; hepatic 

ably this reflects the h “P atu ‘ J ^‘‘metabolism, and these eases present a 
dysfunction is known to modd> !>«»» to t i u . normal. The liver 

functional derangement wine 1 nit s ov. residual nitrogen 

complement in the picture could also account to, h.„ 

figUreS ' . . ,- n liricflv nrc-niancv as such, produces changes m 

To summarize this sec n ‘ j toxe mia. while actual toxicity 

the urine nitrogen suggestive t . Further, with the removal 

during this condition accentuates these e eve „ in tUe toxic group 

of the 1W- norm ill re.ation. 

there is evidence or a prom pi 111 ^ 


^ • t i ,1 nitrrfron.containin*; substances in the blood usually 

The various dissolved nitiogen eontai t f>np si ificant e xcep- 

df^ifmsitpd as the 4 * non protein mtioj'tn ai . # . . . 

' 4 c urine nit ro ff en in its many subdivisions. 

tiou. ammonia, the forerunners of the mine mtio^ei 

In reviewing what may be designated as the “nitrogen partition of the 

0 . i . ■ f V (im the "roup. Convention and piopiietj 

blood, onlv the ammonia is lacking tiom tne „n n i to 

further dictate a different method of recording the blood constituents to 

• ■« fi,- ti,n meanin" of departures from the normal, llie 

express more sigmfieanth the meairn P . 1 „ ,, , v-a,™ 

urine is a summation of the various secreting levels of the twenty -fom bom. 
during which, by thermodynamic work, the blood is concentrated o form he 
urine. This collects in the bladder, a container inside the body, and is emptied 
from it at intervals into other containers only relatively more remote from 
the secretin" a"ent. The blood, on the other hand, is the channel of ingress 
and e"i-ess of foodstuffs and wastes, and the levels of its several constituents 
are maintained at a relative constancy through the agency of the vast number 
of individual factors contributing to the continuance of homeostasis. Under 
the force of superimposed effects, new equilibria are established at other levels 
but the tendency always is to return to the earlier conditions when the 
extraneous agencies cease to operate. If the pressure be not too great, the 
homeostatic influences tend to compensate for such effects and restore or 
maintain normal levels even during the continued operation of the added 
effect. Temporary changes in blood sugar levels during sugar absorption 
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and the maintenance of blood F* 

tratioiis. The absolute levels i„ ," K ^5^ 1[0tosis . W«al Silas- 
the urine is largely absorbed by the sin-Ic fort ““Tf a “'SmOcance that ia 
average Mood levels ant, and nostpart,™ s„ u ' 


Blood Xituook.v 


datum 

^onprotem nitrogen ' 

Brea nitrogen 
Brie acid 

Creatinine 
Residual nitrogen 


(mg.) 
(mg.) 
(mg.) 
(mg.) 
(mg.) 


" 

NORMAL 

A. I*. 

P.P. ■ 

25 

.32 

12 

l(i 

3.3 

^.r> 

.3.7 

1.5 

1 1-3 

14.2 1 


TOXIC 


A.P. 


P.P. 


28 

14 

3.C 

1.5 

12 .° 


.32 

15+ 

:u; 

1.5 

15.2 


its composing fractions are, inThe' w <l f . tl,at the non Proteia nitrogen and 
'W e have never been able to record tli' 1 ’ Y UUteIy “®P re ssed during pregnancy, 
io levels approaching 30 per cent oP ti° * 'tY ac “““ onaI decline in blood urea 
n ’ e ha ve uniformly found the v-, 1 , * ^ W *° ®’ reported by several observers; 
normal males and nonpre-Miant Y 111 pi ' e « ,,ailc . v to coincide with those in 
the present instance ° *' ,r °“ 45 per to 50 per cent. 
t,le other band, uric acid values showT ‘‘ n . en<irel .v normal relationship. On 
normal pregnancy individual vil 1 ln0C CSt up ' vai ‘d tendency, although in 
“-its. In relation to the "ton ml" "T with “ conventional normal 
are definitely high. It j s anmrent *1* 10 ® en ’ however, the uric acid values 
creatinine and uric acid are defi •/ ! antepartum all of the values, barring 
prompt return nom.T^eL j»"«' i ' '" nt <teUva ^ ■ 

all somewhat higher a +■ * e , 0X1C seiaes > the values antepartum are 

in harmony with the recoin iY/' 0 CM U , enee op low-grade retention that is 
delivery the blued ** 

normal controls. lfeeo«aiiyin«' ti S * Wt aie ve1 ’^ close to those of the 

effectively in the blood stream” miYpi fY hoineostatic agencies operate most 
petent to record verv snnli "• ld exlstln o chemical methods are incom- 
of that slower return to norm an p 1011S ’ t,le blo °d levels fail to give evidence 
from the toxic group ' ' 6 S lat ls clearly shown by the urine data 

constituents of the blood ^ CiUtSeS a lo ' verill o of the nitrogenous 
toxemia as the renal ] ’ i° C exuep * ;ef h which is less marked in cases of 
normal and *« -PI™** M,»,a Both 

after delivery. 0 le ' eit to the usual blood levels shortly 

CONCLUSION 

determined in an “ ui “ le c l ata reflecting the protein metabolism have been 
determined in senes of normal and toxie pregnant women. 

hepatic and reiYYY lU ^ 16 Endings are recorded with pregnant patients; the 

SDeeial eft-V t ^ U1 ° S toxem ' a are superimposed influences adding their 
special effects to those of the basic condition. 
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3. Termination of pregnancy initiates a return to normal levels, the latter 
less rapid in the toxic group. 

4. Blood nitrogen levels are low in normal pregnancy. Toxemia tends to 
develop the renal influence as an opposing agency. 

5. Restoration to normal blood levels follows rapidly on the termination 
of the pregnancy in both study groups. 

The authors express their indebtedness to all who have participated in the study. 
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VERRUCOUS AORTITIS WITH SPECIAL REOAIID TO ANEURYSM 
FORMATION IN CHILDREN* 


Benjamin H. Neiman, M.D., Chicago, III. 


COR a long time, nonsuppurative inflammatory lesions in the aorta were at- 
tributed chiefly to syphilis, a conception first expressed by Doehle in 1885 
and later in 1899 by Heller. 1 The “Doehle-Hellerseke Aortitis'’ held sway 
over medical thought until more recent investigations revealed that acute infec- 
tious diseases as typhoid fever, typhus, influenza, and scarlet fever, may also 
cause inflammatory changes in the aorta (Siegmund 2 ). Of particular impor- 
tance, however, is the fact that rheumatic fever seems quite frequently to leave 
its mark on the large arteries (Klotz, 15 Pappenheimer and von Glahn ie ). 


Although inflammatory changes in the aorta were suspected in the course 
of rheumatic fever, no sustained effort to define the histologic features was made 
until the work of Klotz 15 in 1912. Clinically, the diagnosis has been made many 
times, hut it is unverified hv autopsy. 

nsam ^ ™ ified gnoses the reports of BouillamF 

(1840), Roger 1 (1863), LcLong 5 (1869), LauenstehU (1876) Le-er (1877) 
Mar arU aoO^ MetT et GuillemonU (1902), La Rue- (1903 , Renon 11 1905 ’ 
VmUt Menard 1 - (1912). Bernerf (1910) deserves the credit for callL at-’ 


•From the Department of Pathology. Cook County 
Rectlved tor publication, August 12 , 1933. 


Hospital. Dr. R. H . Jaffe, Director. 
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tention to the fact that many of the previously reported eases, cited as rheumatic 
in origin, were probably examples of mycotic aneurysms. Rabe 11 (1912) was the 
first to present histologic findings. 


In 1912 the first serious effort was made by Oskar Klutz'* to study the 
histologic lesions in the aorta occurring as a result of rheumatic infection. In 
15 cases of rheumatism which came to necropsy, he had 3 patients, aged nine, 
sixteen, and twenty years, dying during the first attack of rheumatic fever; 
4 eases of patients, aged twenty-eight., thirty, thirty-six and forty-four, with his- 


tory of recurrent attacks; and S cases of patients with chronic rheumatism, all 
of whom had suffered from recurrent or progressive heart disease associated with 
rheumatic fever. He concludes that there appears to be a fairly definite form of 


arterial disease which is associated with rheumatic fever in its different stages. 
The arteries react to the irritant in a true inflammation, and this reaction is 
observed in the adventitia and the outer portion of the media. In the acute 
stages, the inflammatory exudate is of the nonsuppurative variety in which 
the lymphoid cell is most prominent. The inflammation occurs particularly in 
the neighborhood of the smaller arteries, while the medium-sized vessels are little 
affected. On the other hand, the larger arteries, which are supplied in their 
outer coats by nutrient vessels, arc damaged by the inflammatory process, which 
travels along the vasn vasorum. He observed, that during the acute process, the 
changes in the aorta consist of a destruction of tissue noted in the loss of muscle 
and elastic elements. Similar degenerations are common in the heart. At times 
the degenerative processes are extensive, leading to the loss of considerable tissue 
in, and probably weakening of, the media. The intima of the arteries, he states, 
does not appear to be primarily affected. In the early stages, slight superficial 
fatty changes are sometimes noted, while later in the chronic stages the intima 
proliferates, giving rise to a nodular endarteritis. 


In 76 cases of acute rheumatic fever, Pappenheimer and von Glahn 
found the distinctive lesion of the aorta to be a scar, roughly the shape of an 
inverted wedge, often acellular and located in the region of the nutrient vosses 
of the media. This type of arterial lesion was not found in a comparative stuO 
of 77 nonrheumatic eases, with the exception of one, in which death resulted ti°> u 
pneumococcic meningitis. In the aortic adventitia, they found specific changes 
consisting of the presence, in some cases, of typical Aschoff cells, showing, hou 
ever, little tendency for grouping. These cells, thej' regard as diagnostic. Thej 
are rounded or oval. The cytoplasm is basophilic and stains intensely m * 
pyronin. The nuclei each have a distinct nucleolus, and the cells seem to c 
arranged about degenerating collagen fibers. In their second communication 
on this subject, the authors described earlier reactions in the media to suppoi 
the view that the perivascular medial scars are the sequellae of an earhei oca 
perivascular inflammatory lesion. 

Following the first paper by Pappenheimer and von Glahn, many com 
munieations began to appear, both in American and European literature, gn o 
histologic evidence of destructive effects of rheumatic fever on the aorta ( > 

Besaneon and Weil 30 ), even so severe as to lead to aneurysm formation ( rl£l - 
and Aitken 81 ). 
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rt» «* further ™.l.h.Ki^l as l*ri- 

Bantam )• 



F “sl, itt Ms review of 

the vasa ef the jmlmttnatv alii 1) alt < ' , . ,| u . t (a .sis tit' this slll>- 

h, this artery are to be expeettsl tvu W; l « - H » • • > ^ 


• . . i tit.mii itic fever and found •> m which 

position, examiuetl a series til '-4 eases o ' ( .| lu „.,es in the pulmonary 

there were his.oloyie vvi.lv a-.tve mlh » -O .tamely, a 

artery. The changes in the pulmonaij .1 1 ' , ,j nt | ina i layers of the media 
iMttsc cellular mffltration in the lutuna a « ■ , , , . J, . Ase-ltoff nodule 

ami t'oea, perivasett.ar ^ in the in, inn. 

m the myocardium. In - „.| H , S „f irreaular outline. In •>, 

consistms ot smell, mmi. d II . 4 . media, almost as conspicuous 

tile' „„!m„navy valve was involved shown,* an in- 

terstitial valvulitis, in 3 eases, Aschoff hollies and In b 'T“5'“ 'T‘ 

In 17 eases, in which there were chaoses in the museuloarterta undo , Asc 
bodies were found in a few. The aorta was involved lit -- <• «*• 1 4 ' 

gross lesions in the intima were present. As eontrols^tliev used U a ses m 
which there was a nonrheumatic pericarditis, and m ,o eases no lancaid b 
or rheumatic cardiac disease was present. They tound nothmg m an) ot the 
controls which was in any way confusing. 

Destructive lesions in the media with extensive scarring were also reported 
bv Paul, 27 in the course of rheumatic fever, and W atjan- obsened Asclioft bodies 
■m the epicardial fat over the anterior surface of the pu monary artery Gott- 
hardt« reported a ease of verrucous endocarditis of all the valves and fibrinous 
pericarditis which were accompanied by an endarteritis of the pulmonary artery. 
Chiari'® found a fibrosis of the adventitia of this aitei>. 


PRESENTATION OF CASES 

In a series of 4,100 consecutive autopsies, 3 cases have been found in which 
there was a verrucous lesion on the mtima of the aorta. 

CvSE 1 An Italian female child, eleven year,, old, entered the Cook County Hospital 

on March 8 1032. She was apparently well until two weeks prior to entrance when she 
developed pain over the heart, cough, and fever. On the day of entrance into the hospital, 
she had a moderate nose bleed. 

The birth and development history was negative. 

The child had had measles and chickenpox. 

On physical examination, the patient was found to he well nourished hut somewhat 
undersized. The temperature was 102.4° F.; pulse, 124; respiration, 28; and blood pressure, 
140/60. The skin was dark and there was long, dark hair over the upper lip and along the 
side of the cheek, on the hack and a little over the lower extremities. The pubic hair was 
luxurious and of female distribution. There were diffuse coarse rales heard over both lung 
fields. 
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The heart was enlarged transversely and there was a soft, systolic thrill and a systolic 
and diastolic murmur over the apex. Over the aortic area, indistinct murmurs were heard. 

The pulse at the wrist was forceful, of high pulse pressure, quickly striking the finger 
and receding. The carotid pulsations were easily visible. The femoral, popliteal, dorsalis 
pedis, and posterior tibial arteries were not palpable, nor could they be detected by the blood 
pressure apparatus. 

The liver was palpable, but the spleen was not. 

The white blood count was 20,100 with SI per cent polymorphonuclear leucocytes. 
There were many macrocytes present. Polych romu tophi lia and anisoeytosis were evident. 
The urine was negative as was also the blood 'VVassermann. 

The clinical diagnosis was endocarditis of the aortic and mitral valves, diffuse broncho- 
pneumonia, and coarctation of the aorta. 

While in the ward, the patient was rather comfortable but ran a low grade remittent 
fever of 00" to 100“ F. The findings in her lungs spread gradually. About one week after 
entering the ward, the child was seen sitting up in bed and resting quietly but coughing fre- 
quently. Forty-five minutes later, she was found on the floor dead. 

Autopsy . — (Performed by Dr. It. IT. Jnffe.) The essential findings were in the heart, 
aorta, and incidental interesting findings in the genitalia. 

The heart weighed 250 gin. The wall of the left ventricle measured 12 mm., and 
that of the right ventricle 5 mm. in thickness. The cpicardium was thin, transparent, smooth, 
and shiny. The apex was formed by the left ventricle. The myocardium was purple, grai 
and friable. The transverse and vertical diameters of the left ventricle were S.3 cm. n> e 
trabeculae and papillary muscles were slightly flattened. On the auricular surface of both 
cusps of tlie mitral valve, were present pinhead-sized, granular, firm, and slightly transparent 
nodules. The free edges of the aortic leaflets were thickened and rounded, and along the 
limbus there were firm, sandlike, granular deposits present. 

The aorta measured 52 nun. in circumference above the valve. About 1 cm. above 
the aortic valve, there was an oblique, transverse tear which was 35 mm. wide. The edges of 
the tear were indented, and 2 mm. longitudinal bridge of intact wall separated the tear into 
a larger right and smaller left portion. The floor of the tear exposed a thin, pink g r *'I 
membrane with fine, longitudinal lines and small, granular elevations. The adventitia was 
injected. To the right, the tear terminated in an irregular, slightly depressed, light broun 
area. In the ascending aorta, there were several up to 25 x 4 mm. streaklike, light jcllow 
areas. Just beyond the origin of the left subclavian artery, the lumen of the aorta become 
suddenly narrowed to a diameter of about 1 mm. Beyond the narrowed portion, the circum 
ference of the aorta widened to about 5S mm. Small, light yellow plaques were found i ft tlie 
upper wall of the arch. At the diaphragm, the circumference of the aorta was 36 mm., a 
below tho origin, of the renal arteries it was 22 nun. 

Above the bifurcation of the aorta, there was a worm-shaped, loose, cylindrical, ^ 
pink gray blood clot 55 mm. long and 10 mm. in transverse diameter. The loner cm ^ 
the blood clot projected into a flagellum-like extension 35 mm. long. The upper 
terminated into a pointed projection 3 mm. long. The circumference of the aorta above 
bifurcation was IS mm. The internal mammary artery had a circumference of 6 mm. 

The uterus measured 45 by 25 by S nun. 

External genitalia: The clitoris was about twice the normal size. The vestibul^ 
vaginae and vagina were well developed. The vulva appeared rather narrow because 
enlargement of the labia minora. 

Ovaries : The right ovary was replaced by an ovoid body, IS by 10 by 6 nun. in ^ 

which showed a distinct, light pink yellow capsule, and on sectioning, was found 
composed of a finely granular, light yellow tissue. The left ovary was missing, an 
place was found a ridge 25 mm. wide and 3 mm. high. 
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Microscopic examination: involved the intimu and the 

Aorta: The tear in the aheemltuK mu o indurated by polymorphonuclear 

entire media and exposed the adxenUtn ^ aU , ltlv thickened, an<l in the region ot 

leucocytes. Approaching the tear, . ‘ ' J ^ , om , tr ' uct ures. The thickening of the 

the tear, was everted, covering >e b lww . n om iothelium and internal elastic mem- 

intima resulted from a cellular aecum . ^ HW ollen iibrocytes with large, pale nuclei, 

hrane. Delicate elastic fibrils were sop. _ > ■ , vtol ,lusm and round or oval nuclei, 

small round cells, and Instoeytie cH-iuint the intact cells. The internal 

There were bizarre-shaped, drawn . ou ^ in lhl! eVL . tt ed portion showed areas frayed 

elastic membrane was split into sc • • . portion, the muscle and elastic 

t0 the extent that it was ^ nec^sis without structural 

libers of the media passed rathe . 1 ' ,,,, rotle ar i> :L stained from brass yellow 

»»1 — r 8 “, f “ uU M Lin. I.. tt. oulct port™ of .to 

,. aet ,,,»o«b,o,»ofu,v»^ „,to,..to o, » OT ,i« 

media, single mononuclear tic mints ^ 



Fife'. 1.— (Case 1.) Aorta. Section taken through the area of rupture. Elastlca stain (XlOO). 


and the necrosis extended for a short distance beyond the tear along the external elastic mem- 
brane. In the floor of the defect, there were only a few small segments of the external 
elastic membrane visible. 

Between the polymorphonuclear leucocytes which infiltrated the adventitia, were found 
single, large, degenerating fibrocytcs, the nuclei of which could assume very irregular forms. 
Elastic fibrils were practically absent. 

Away from the tear, the intima appeared well preserved. In the media, there were cir- 
cumscribed areas of increase of the metachromatic substance which spread apart the elastic 
elements. Near the outer elastic membrane, there were small areas m which the coarse 
elastic fibers seemed to have disappeared while the fine fibrils still could be recognized. The 
adventitia was of distinctly increased cellularity. The fibrocytcs were swollen, often separated 
and mobilized. There were many mononuclear cells with a distinct rim of cytoplasm, and 
lymphocytes and a few oxyphilic leucocytes. In addition to these cell forms, elongated cells 
were found with pyknotic, crenated and elongated nuclei, which could be seen also between 
the muscle fibers of the adjacent portion of the media. 

Myocardium: There were in the myocardium, numerous nodular accumulations of large 
cells which were located near the larger blood vessels. The cells which formed the nodules 
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had a pale stained cytoplasm and oval nuclei with a central indented spindle of chromatin. 
These cells centered about areas of fibrinoid necrosis. Between them, a few lymphocytes 
and leucocytes were found. Underneath the endocardium, areas of necrosis were found, which 
were surrounded by cells of histocyte type distinctly different from the cells of myocyte type. 
In addition to the cellular nodules, there were Hame-shaped scars radiating between the 
muscle fibers, which were increased in thickness and the striations of which were obscured. 

The anatomic diagnosis was coarctation of the aorta with thrombosis of the aorta distal 
to the coarctation; spontaneous rupture of the aorta above the aortic valve and rheumatic 
aortitis with necrosis of the media; verrucous endocarditis of the mitral and aortic valve and 
slight fibroplastic deformity of the aortic valve; slight exeentric hypertrophy of the heart; 
moderate dilatation of the internal mammary and intercostal arteries; chronic passive con- 
gestion of the lungs, liver, spleen and kidneys; bronchopneumonia of the right lower pulmonary 
lobe; bilateral hydrothora.x; follicular hyperplasia of the' spleen; pseudohorniaphroditismus 
interims maseulimis. 


Case 2. — A colored female, twenty-seven years old, entered the Cook County Hospital on 
April 23, 11132, stating that she had been well until one month ago. At this time, she began 
having periodic attacks in which her heart appeared to ‘‘jump." These attacks were followed 
by preeordial boring pain that radiated to her left shoulder down to her left arm and seemed 
to stay there. The attacks were easily precipitated by any exertion or excitement. At the 
onset the attacks lasted but a few minutes, but recently had increased in length up to twenty 
minutes or more. Often during the attack, the patient fainted, but usually she had to stop 
immediately in her work. There was no great fear of death at any time. Occasionally nausea, 
vomiting, and urinary urgency followed an attack. The patient was married twice and 
received three injections of mercury in her buttocks in 11)22. 

The physical examination revealed a well-nourished colored female, lying quietly in bed 
and not acutely ill. The temperature was 1)S.S° F. ; pulse, SO; respiration, 20; and the blood 
pressure, 100/04. The pupils reacted to light and accommodation. The heart was not en 
larged; there were no murmurs or thrills. The rhythm was regular. The chest and abdomen 
were essentially negative. The red blood count was 3,200,000; white blood count, 7,S00; and 
the hemoglobin 55 per cent. 

The patient had several attacks during her short stay in the hospital, some slight!.' 
alleviated by amyl nitrate, others by quinidine. On the morning of the day of her death, 
the patient had a typical attack, which was as follows: She was sitting up quietly in b 
when she suddenly toppled from her back rest, became livid, cyanotic, stopped breathing, an 
then broke out into a cold sweat. The pulse was imperceptible, even by auscultation. Arti i«a 
respiration was administered for five minutes and adrenalin and caffeine injected. The patient 
rallied but four hours later died during a similar attack. Blood for a Kahn test eou 
not he taken during life because the prick of the needle initiated an attack. The postmortem 
blood Kahn reaction was 2+ positive. 

A utopsy . — ( Performed by Dr. II. H. Joffe.) The essential pathologic findings were m 
the heart and in the aorta. 

The circumference of the aorta was 36 mm. at the valve, 30 mm. at the diaphragm, am 
26 mm. at the bifurcation. In the ascending part of the aorta, above the valve, there " e 
light yellow, slightly raised patches. Above the commissures, were gray white, 
areas covered by fine, sandlike, granular, light gray precipitates. These precipitates ex 
above the right leaflet for a distance of 20 nun. In the region of the arch, there "ere a * 
whitish areas and also a slightly raised, 10 mm., pale yellow gray plaque co' ered ^ 

granular precipitate. Throughout the deseendens portion of the aorta, there "ire 
small, light yellow plaques. 

The heart weighed 220 gm. The left ventricle measured 15 nun. and the right 'en r _^ 

5 min. in thickness. The epicardium was smooth and studded with pinpoint-sized, ’b teil 
gray patches. The myocardium was light purple pink and friable. The ventricles were 
and the trabeculae were flattened. 
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Microscopic; 

Heart: In the inner thir.l «.f the myocardium. there were irregular areas ot severe 
alteration of the musele fibers. The fibers bad lost all strnetural .Un'erentiaU.m ami appeared 
as homogeneous hamls. The nuclei were broken u,. into ehromatin granules or were entirely 
missing. Between these musele tihers eouhl he seen a moderate numher of HymorphouucUur 
leucocytes, ami around the adjaeent larger vessels were larger aeeumnlations of these evils. 
Throughout the wall, many musele fibers contained line lipoid granules. In the eptcurd.um, 
there were a few small, round cell aeeumnlations. 

Aorta: Supravalvular verrucous area. The intima of the aorta was covered by a layer 
of iihrinoid material with elongated, drawn out ami segmented, deeply stained nuclei. Under- 
neath tills layer, the intima was thickened and cellular. Here many fibroeytes, young, smooth 
muscle fibers, small round cells, and neutrophilic and oxyphilic leucocytes were found. In 
the center of the area, the changes terminated in a large focus of necrosis which involved not 



only the thickened intima, but extended also deep into the media. On the inner surface, the 
necrotic tissue fused with the fibrinoid layer, the point of fusion being marked by streams 
of degenerated pus cells with kaiyorrhectie nuclei. Deeper down, the necrotic material showed 
early calcification. In the periphery of the necrosis, were found focal accumulations of pus 
cells; these continued beyond the necrosis between the muscle fibers of the media which 
here, too, were severely degenerated and partially necrotic, while the elastic fibers were swollen 
up and disintegrated. 

Underneath the necrosis, at the border between the media and adventitia, there was a 
lipoid granuloma composed of pseudoxantliomatous cells, plasma cells, and small round cells, 
and of a few oxyphilic leucocytes, from this granuloma, tufts of cells extended into the 
media. In addition to the large area of necrosis, there were several smaller ones which were 
located in the deeper portions of the intima and in the media. Tl.ev showed fine calcium 
deposits and were not separated from the surrounding tissue. Underneath these areas there 
were perivascular accumulations of round cells, plasma cells, and eosinophilic leucocytes’ The 
vasa vasorum had greatly thickened walls, and there were many dense aeemnuktions of 
lymphocytes and plasma cells in the adventitia. s 0t 
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Plaque in the Arcli of the Aorta: The inner surface of the plaque was covered by a 
thin layer of fibrinoid material which took the AYeigert stain. Underneath this layer the intima 
was thickened and cellular. The fibroeytes were swollen and increased in number, and there 
were loosely scattered neutrophilic and oxyphilic leucocytes, small and large lymphoid round 
cells, and focal accumulations of plasma cells. Tn the center of the plaque, a large area of 
necrosis was present, which extended into the media without a sharp line of demarcation and 
contained fine calcium granules in the basal parts. From the fibrinoid surface layer, the 
necrotic tissue was separated by a strip of living tissue upon which followed a collection of 
disintegrating polymorphonuclear leucocytes with broken up and pyknotic nuclei. Bacteria 
could not be demonstrated in this area or in the necrotic tissue itself. In the region of the 
necrosis, the internal elastic membrane was completely destroyed, the destruction being pre- 
ceded by a splitting into the finest fibrils. Throughout the media, there were many newly 
formed capillaries extending close to the intima and surrounded by lymphocytes and plasma 
cells. The piercing of the media by these vessels and infiltration was associated with a dis- 
appearance of the elastic fibers. The adventitia was thickened and fibrosed, and the arteries 
of the adventitia showed a very marked proliferation of the intima with much narrowing of the 
lumen. There were many focal accumulations of plasma cells and lymphocytes. 

Ilidportion of Aorta Asccndens: There was a thickening of the intima with intra- 
aiul extracellular lipoid deposits in the deeper portions. The internal elastic membrane was 
split and accumulations of fat-filled cells were present between the separated elastic structures. 
The capillaries, beyond the outer third of the media, were proliferated and surrounded by a 
slight round cell infiltration. There was a very pronounced fibrosis of the adventitia with a 
thickening of the walls of the vasa vasorum, and large accumulations of lymphocytes and 
plasma cells were present in the adventitia. 

Levaditi’s stain revealed many argentaffin granules but no spirochetes in the necrotic 
tissue. 

The anatomic diagnosis was verrucous aortitis; syphilitic aortitis; acute myocarditis; 
passive congestion of the spleen, liver, and kidneys; adhesions about the liver, spleen, and 
both ovaries. 

Case 3. — A four-year-old white female child was brought into the Cook County Hospital 
on July 21, 1932. The mother stated that the child was well until two weeks before entrance 
when it developed colicky pain in the abdomen. It was also noticed that during the past 
two weeks the child had had a fever in the latter part of the afternoon. Development histor) 
was normal. The mother had had no miscarriages. 

The physical examination revealed a well-developed child. The temperature was 103.1 
F. ; pulse, 110 ; respiration, 20. The heart was enlarged to the left. The apex beat was dis- 
placed slightly to tha right. Upon examination of the chest, the breath sounds were found 
to be diminished in the left midaxillary line with impairment of resonance over the left apex 
anteriorly. The white blood count was 29,100 with 78 per cent polymorphonuclear leucocytes. 
The x-ray revealed a very marked cardiac enlargement. 

The clinical diagnosis was pericarditis with effusion. Five days after entrance into the 
hospital, a pericardial paracentesis yielded 35 c.c. of a straw-colored fluid. About ten minutes 
later, the child became cyanotic and expired. 

Autopsy . — (Dr. K. H. Jaffe.) The pericardial sac extended from the right mammillary 
lino to the left anterior axillary line. The sac contained 250 c.c. of coagulated blood. Thu 
heart measured 70 mm. in vertical and 50 mm. in transverse diameters. The surface was 
covered by loosely adherent, granular light pink gray membranes. The wall of the e 
ventricle was 11 mm. and that of the right ventricle, 5 nun. in thickness. The myocardium was 
light purple pink and friable. The heart valves were grossly unchanged. 

Aorta: At the valve, the aorta measured 42 nun.; at the diaphragm, 2S mm.; nn ' 
the bifurcation, 18 mm. in circumference. The intima above the valve was smooth. ,‘Y 
the arch of the aorta, 8 nun. below the opening of the left subclavian artery, located in 
anterior wall, there was an oval opening 7 by 5 mm. in diameter. The edges of theopemn,, 
were smooth and slightly everted. The intima was smooth except for fine, pinpoint size^ 
granular and slightly transparent deposits near the lower edge. The opening led into a s. 
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Fig. 3. — (Case 3.) 


Aorta, at point of rupture. Hematoxylin-eosin stain CX150). 


. „ thc opening, the layer of fibrinoid necrosis bent out- 

perpendicular to the membrane - The oint of bending was marked by a 

ward to pass into the inl “ g J tfa shmnken and indented nuclei, there were some 

greater cellulanty, and besides , iant eeU . Underneath the nodular elevations, 

lymphocytes and an occasional m Th ® musc l e fibers were necrotic, hyaUnized, and 

the media revealed very severe ^hang^ ^ ^ duatlike precipitate3 . At the 

the chromatin granules o necrosis extended for some distance beyond 

border of the media and advent^, . the zone ^ Stains for elastin dem- 

the changes of the intima membrane was destroyed nnderneatb the nodular forma- 

*“ ,'f " S tb, th. coarser MS* «... w. 

r*: — i p— - - <*• 

disappeared. The adventitia was well preserved and contained only an occasional small ac- 
cumulation of round cells. . . , ,, , . 

The wall of the aneurysm was in continuation with the wall or the aorta, the layers ot 

which could be recognized though they were severely changed. Innermost, there was a broad 
band of fibrinoid necrosis with shrunken, pyknotic, and broken up nuclei, which band cor- 
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responded to tlie intinm and media. Immediately adjaeent to the lumen, remnants of intact 
tissue, which caused the internal lining of the sac to lie smooth could he detected. These 
remnants consisted of a few connective tissue trahodes with preserved tilirocvte nuclei. The 
connective tissue soon passed into the fibrinoid necrotic material which was particularly rich 
in nuclear debris in the places corresponding to the media. In these places, remnants of 
elastic tissue in the form of tortuous segments were found still suggesting the arrangement of 
the elastic tissue of the media. Near the adventitia, mononuclear cells, neutrophilic, and 
a few oxyphilic leucocytes were seen between the shrunken and disintegrated nuclei of the 
preexistent structures. 

The adventitia was the only layer which had remained intact. It was very thick and 
was formed by dense connective tissue interspersed by a moderate number of elastic fibrils. 
There were many dilated capillary blood vessels present, which were often surrounded by 



Fig. -1. — (Case 3.) Aorta at point of rupture. Elastica stain (X150). 


accumulations of lymphocytes, plasma cells, histocytes, and a few leucocytes. Gram-Weigert 
stain demonstrated single grain-positive diploeoeei and streptococci in the nodular elevations 
on the inside of the aorta. These cocei became abundant in the region of leueoeytie-histocy tie 
infiltrations of the aneurysmal sac where they were found also inside of mononuclear an 
polymorphonuclear elements. 

Sections taken from other portions of the aorta did not show any abnormal changes. 

Myocardium: About the blood vessels of the myocardium were small sears "hich in 
ate between the muscle fibers and contain an occasional small accumulation of myocytes. 

The anatomic diagnosis was verrucous streptoeoeeic aortitis of the descending portun 
with formation of nil aneurysm; perforation of the aneurysm into the pericardial 830 
tamponade of the pericardial sac by' the hemorrhage; compression atelectasis of the left 
and recent hemorrhagic infarct in the apex of the left lung; loose, fibrous adhesions about ^ 
left lung; compensatory emphysema of the right lung; cloudy swelling and anemia 
liver; hyperplasia of the lymph follicles of the spleen; slight congestion of the 1 11 ’ 

ascites and left hydrotliorax. 
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discission 

The changes in the adventitia ami media «t’ the aorta, in the course o t 
rheumatie infection. have been much emphasized to the neglect «t the impor- 
tant changes that may involve the intima. Few references to the occurrence 
of verrucous lesions in the intima of the aorta ami lame arteries are present 
in the literature. Hey.lloff 1 - described verrueae in the innominate and carotid 
arteries. In one ease, that of Barbacei.* - these lesions begin 1 cm. aho\e the sinus 
of Valsalva and histologically were not unlike the organizing verrueae of rheu- 
matic endocarditis. Bacteria could not he demonstrated in them. I lie heart 
was normal. 

It is quite possible that some of the eases were rheumatie in origin though 
no reference is made to this possibility by any oi the authors. Neither are the 
histologic descriptions sufficiently detailed to justify any definite conclusions. 

It must he remembered, however, that these papers antedated the recognition ot 
the specificity of the lesions in rheumatic cardiac disease. While many ot the 
older writers, particularly the French authors, have ascribed to the "rheumatic 
virus” an important place in the causation of arterial disease, the connection 
was based upon clinical inference rather than histologic specificity. 

Pappenheimer and von (Hahn" 1 recognized the possibility of invasion of the 
aorta by way of the lumen, as did also Pcrla and Deutclp' and Kugel and 
Epstein. 24 Its importance, however, as the primary port of entrance has not 
been sufficiently stressed. Where mention of this possibility is made, it is con- 
sidered unlikely for want of sufficient evidence. 

In a consideration of the various types of inflammatory lesions described 
in the aorta in rheumatic fever, three groups may he distinguished. First, in- 
vasion by means of the vasa vasorum with involvement of the adventitia alone; 
more extensive inflammatory reaction may lead to involvement of the media or 
even to the intima and thus severe damage to all three layers. Should the acute 
reaction, described as the forerunner of the flame-shaped sears (Pappenheimer 
and von (Hahn 16 ), be a little more extensive or should several of these lesions 
he localized in one area, the resulting healing process may terminate in a gross 
scar; or should the reaction take place within a wall of the vasa vasorum with a 
subsequent thrombosis of that vessel, gross scarring may result. The rarity of 
these gross lesions in the aorta may be attributed either to the relatively slight 
involvement of the aorta in rheumatic fever, or to the belief that because the 
sears in the media resemble a process produced by syphilis, it is a syphilitic 
process. Aside from the history, the clinical picture, the serologic test, and the 
observations in other parts of the body, there are definite histologic differences 
between the sears of the media in syphilis and the sears found in eases in which 
they arc believed to be due to rheumatie fever (Gray and Aitken 21 ). Should the 
resultant scars or the degenerative and inflammatory process preceding these 
sears weaken the media to such an extent as to be unable to support the burden 
°t the passing blood stream, a break results with a subsequent stretching of the 
remaining portions of the wall of the aorta, and an aneurysm forms. 

Second, we may have invasion of the aorta hv , 1 ;,.^ 
adjacent lesion (Pappenheimer and von Claim 17 ). emsion from an 
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near the larger blood vessels. They presented the characteristic pieture ot 
Aschoff nodules. In the first ease, therefore, we ran definitely state that the 
verrucous aortitis is on a rheumatic basis. In base tlieie nue sevue a im 
tions of some of the muscle fibers of the myocardium. Between some ot the 
muscle fibers and around the adjacent larger vessels, there were accumulations 
of polymorphonuclear leucocytes. Thus there was present in this case an auiti 
myocarditis, hut not specific of rheumatic fever. In this case also, thoie was a 
2 ~ positive Kahn reaction on the postmortem blood, and Iiistologicalij 
there was found evidence of a typical local syphilitic mesaortitis. 1 he s> philitic 
aortitis, however, showed no topographic or morphologic iclationsbip to the 
verrucous lesion on the intima of the aorta. In the third ease, there were pics- 
ent small sears about the blood vessels of the myocardium, which contained ail 
occasional small accumulation of myocytes. These seal’s may, perhaps, have 
been the result of rheumatic fever, hut nothing- was found to substantiate this 
diagnosis. In Case 3 also, cocci were demonstrated. "Whether these cocci have 
any definite relation to rheumatic fever, we are not prepared here to say. But 
we can, however, state that streptococci may cause lesions very similar to those 
observed in proved cases of rheumatic fever. 


SUMMARY 

Three cases are presented which have one common feature, namely, a ver- 
rucous aortitis. In one case, which was associated with a stenosis of the isthmus, 
the verrucous aortitis had caused a spontaneous rupture of the aorta in an 
eleven-year-old child. In another, a four-year-old child, an aneurysm of the 
aorta developed on the basis of it and ruptured into the pericardial sac. Strep- 
tococci were demonstrated in this case. 

The formation of the verrueae is explained on the basis of a fibrinoid swell- 
ing and necrosis of the ground substance of the intima with proliferation of the 
adjacent fibrocytes. The rupture and aneurysm are explained on the basis of 
necrosis destroying the internal elastic membrane with subsequent weakening of 
the media. The nonspeeifieity of the verrucous lesion of the intima of the aorta 
is pointed out. 
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coitYSKitM'riaimi mnm, eHueaH.tr is rocsn IN SlAKYI,ANI, '‘ 

()SA u. \Viirru:v. A.r... Mi». 

t\ V s t udv of C. diphtheriae and similar organisms in Maryland, an orjmn.snt 
l N r ; ,m ,■ ’ diphth.riac , jraris described by Anderson, llappobl. llM 

ly * Tins <ir"„i,is,ii was .*..«« 

throat and nose ottltt.ros in tl.ro, oontaot a latn.ly m uh.oh tin a "as 

a fatal ease. . , ... 

The baeteri, .Intrie limlUM--s are hive,, in the Ml„tv.„h desen],. 

«»,,» .!/», „/,«<„»» -The enionies .... . tell, .rite •> '» *> 
and more sprendinh than those of the onitnary ‘ ‘ ' ‘ [ ” 

enionies are also dull tr ray'i^l. I,l at ‘le * 'lirrV'.i^vvliir.lr tAi.otiof- 

evident' la, or. This is enntrasted with the 
smooth eolony of the ordinary type with its more prononnee.l eoneentme n.lpr-s 

Vornholwi, of Dm .-(Irorvn „„ L»i-» me, 1mm. the orttamstn , lacks 
Moipnoiojj j j . h j ()1 . (1 i narv type and. when stained 

the slenderness usuallv associated wit n im r .... 

. sientie . , ich usua llv sta m intensely m the ordinal} 

tvpesTake thestain less heavily, so that the general impression is that of a lighter 
bln iMso few or no metaehromatie granules are found. When it is grown on 
infusion agar slants, the morphology is even more strikingly different from that 
of the ordinary type. The organism then is much shorter resembling C. xc, os,,. 
The stainin" is even and lighter blue, and there is an absence of granules. 

Pellicle Formation. — In infusion broth, a pellicle forms after an incuba- 
tion period of 24 hours. This is easily visible if the tubes are held up to the 
li„ht and viewed from below, diagonally. There is a granular deposit, and the 
broth remains clear. After 48 hours’ incubation, these observations are 
decidedly pronounced. The ordinary type shows little or no pellicle, a moder- 
ately granular formation and a definite turbidity of the broth. 

Hemolytic Action.— There is very little hemolysis in poured blood agar 
plates after 9 4 hours’ incubation as contrasted with a definite clear zone pro- 
duced by the'ordinary type of C. diphtheriae , but on further incubation, definite 

hemolysis is. produced. 

Fermentation Reactions.— Acid is produced from dextrose, dextrin, maltose, 
starch and glycogen in nutrient broth medium. The ordinary strains do not 
produce acid from starch or glycogen. Acid is not produced from sucrose. 

Virulence. Virulence was tested intradermally by administering from 0.1 

to 0.15 c.c. of suspension of a 24-hour-old growth from a Loffler slant in 5 c.c. 
of normal salt solution. Three-hundred-gram guinea pigs were used. The con- 

•Thin report represents part oC a thesis study on C. diphtheriae. The work was done in 
the Bureau of Bacteriology Maryland State Department of Health, and the Department of 
Bacteriology of The Johns Hopkins School of Hygiene and Public Health. 
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trol guinea pig received 500 units of diphtheria antitoxin 24 hours previous to 
the time both control and test guinea pigs were inoculated. A very marked 
reaction occurred in 24 hours in the test guinea pig while little or no reaction 
was noted in the control animal. A zone of erythema and edema about an inch 
to an inch and a quarter was produced. Test guinea pigs all died in from 48 
to 72 hours. Autopsy revealed primarily congested and very hemorrhagic supra* 
renals with considerable serous fluid in the pleural and pericardial cavities. 

The differences observed in the above described organism are probably 
due to dissociation of the ordinary type of C. diplitheriae. The organism is 
apparently in the “rough” phase. 
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THE SEDIMENTATION REACTION IN THE NEWBORN* 


Samuel L. Ellenberg, M.D., New York, N. Y. 


S INCE 1918 when the sedimentation speed of the erythrocytes was first 
popularized by Fahraeus, there has gradually grown up a literature relat- 
ing to this phenomenon, which has now reached considerable proportions. This 
in the main has been due to the intensive efforts of clinicians and laboratory 
workers to make use of this characteristic of the red blood cells as a diagnostic 
and prognostic agent in practically all the conditions which go to make up die 
field of medicine in its broadest sense. For the most part this work has been 
confined to adults and it is only within a relatively recent interval that the 
stimulus for investigative work has been transmitted over to the pediatric 
field. 

A review of the literature quickly impresses one with the fact that a 
great number of methods have been evolved to obtain the sedimentation speec 
of erythrocytes. It is because of this variety of methods and the different terms 
employed in expressing the results that the reader is hard put to compare the 
sedimentation values as obtained by different authors and is forced to eonten 
himself with the conclusions of the author that the sedimentation reaction is 
normal, increased or decreased in certain conditions, pathologic or otherwise. 
This lack of standardization may perhaps account for the conflicting 
ments, as to the sedimentation reaction in normal individuals and in various ^ 
eases, appearing in the literature and undoubtedly impairs the value of the es 
Some confusion exists as to the speed of sedimentation of the erythro 
cytes of the newborn for Nadolny considered the sedimentation reaction to e 
slowest at the age of two months while Gyorgy noted the contrary, claiming 
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Keceived for publication, August 28, 1933. 



EU.ENHEKU : 


SEDIMENTATION' ItKAC'TtON' IN NEW DOltN 


945 


infants over one month showed a faster sedimentation than mlults whcre^ 
infants under one month showed a definite slowing in the settling of the red 

blood cells. . . 

The present work was undertaken to investigate the sedimentation reaction 
in the newborn by the method introduced by Linzcnmeir, a method which he 
author had employed in the study of normal and pathologic conditions in the 
adult. Normal infants, horn of relatively normal parents, with a normal birth 
history were selected as the subjects of the investigation. 


METHOD 

Owing to the technical difficulty of obtaining blood from the antecubital 
vein of the newborn, the superior longitudinal sinus was selected as the uni- 
form site of obtaining the blood from these infants rather than resorting to any 
micrometliod, it being the purpose of this investigation to obtain the sedimen- 
tation reaction values in the newborn by a standard method commonly used foi 
adults, namely, the Linzcnmeir macromethod. 

The infant was securely mummified on to a padded wooden board roughly 
corresponding to the size of the child, leaving tlio bead as the only movable pait 
of tlie infant’s body. During the act of drawing blood, this part was firmlv 
held by an assistant effectively preventing any movement of the head, lhe 
region of the anterior fontanel was made aseptically clean with iodine and alco- 
hol, and a needle with a 2 c.c. syringe attached containing 0.4 c.c. of 5 per cent 
sodium citrate was inserted into the longitudinal sinus and blood drawn into 
the barrel of tlie syringe up to tlie 2 c.c. mark. The needle used was % of an 
inch long, 22 gauge and was short bevelled. The balance of the test was car- 
ried out in the usual manner of the Linzemneir method, tlie time being noted 
when the erythrocytes reached the 18 mm. mark. 

The test was carried out on infants corresponding in age to the various 
days of the neonatal period. 


Table I 



NAME 

AGE IX DAYS 

SEDIMENTATION TIME 

IN HOURS 


Baby De T. 

o 

18 


Baby R 

3 

14 


Baby S 

3 

20 


Baby B 

■i 

23 


Baby R 

4 

22 


Baby C 

4 

ir. 


Baby A 

4 

18 


Baby MC 

5 

7 


Baby N 

0 

17 


Baby M 

6 

16 


Baby N 

7 

14 


Baby R 

8 

14 


Baby K 

9 

12 



Baby K 

10 

12 


COMMENT 

The vena puncture of the superior sagittal sinus to obtain blood for the 
sedimentation tests may be open to question by some because of the possibility 
of damage to the substance of the brain, the formation of a blood clot etc but 



946 


THE JOURNAL OF LABORATORY AND CLINICAL MEDICINE 


in careful hands it is a safe method. None of the infants used as subjects in 
this investigation showed evidence of any trauma during the period of obser- 
vation. It should, of course, be mentioned that directly following the removal 
of the needle pressure should be exerted over the puncture site to avoid ex- 
travasation of blood or clot formation. 

With the closure of the anterior fontanel, the difficulties of obtaining 
blood in infants is increased unless they happen to present some veins suffi- 
ciently prominent to permit successful puncture. Therefore, it is natural 
that a number of micromethods should have been introduced to permit the use 
of small amounts of blood, not necessarily obtained from a vein, in the .sedimen- 
tation test. Linzenmeir and Raunert 3 in 1924 reported a micromethod. One 
drop of blood is obtained from the lobe of the ear or tip of the finger. A 
capillary tube of 1 mm. width with a dilated reservoir and the upper end sup- 
plied with a thick-walled rubber tubing is filled to a certain mark with 5 per 
cent sodium citrate, and then the blood is aspirated to another mark so that a 
ratio of 1 :4 is obtained. The blood is mixed in the dilated part of the tube and 
is placed in a rack and sealed with a rubber plate. The sedimentation time is 
read as in the macromethod. 

Numerous other micromethods have been reported in the literature since 
then by Langer and Schmidt. 1 Cutler, 7 PoindeckerC llaselhorst,’ Ivowarski, 5 
Ackerman, 9 and others, but all of them depend upon the securing of blood by 
means of some type of capillary tube. It is generally felt that the micro- 
method, although slightly less reliable than the macromethod, nevertheless gives 
sufficiently good clinical results to be of value especially where blood cannot be 
easily obtained from a vein, as often happens in infants and obese individuals. 
Investigation has shown that a capillary tube less than 1 mm. in diameter 
leads to irregular results. Ivowarski also calls attention to the fact that blood 
from the tip of the finger settles somewhat faster than venous blood. This dif- 
ference can be compensated for by changing the quantitative proportion of 
citrate solution to the blood, thus, Ivowarski uses a dilution of 1 :2.a. 

DISCUSSION 

According to the results obtained in this investigation, the sedimentation 
time in the normal newborn infant seems to range between seven and twenty 
three hours, with the average sedimentation speed for the entire neona a 
period being about fifteen hours as compared to the two hours considered to e 
normal in adults. There is also reflected a tendency' for the sedimentation ie 
action to become less prolonged as the infant grows older. 

Silzer" in a study of the sedimentation speed of red blood cells from the 
umbilical vein of 800 infants noted that 91.75 per cent of the cases showee a 
sedimentation time over twentyvfour hours; 4.25 per cent showed sednnen a 
tion in from twelve to twenty-four hours ; 3.8 per cent in from one t0 . " 
hours and Yz per cent showed sedimentation in from thirty to sixty muni e 
That the blood fibrinogen is probably the most important factor in t 
longation of the sedimentation reaction in infants is suggested by tlie 
Bruelisaler 12 who studied the relative sedimentation reaction and blooi 
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gen in infants ;uul pregnant women and found that tii 
from ‘250 to 5(H) units of fibrinogen while tin* blood ot 
tainod from til to 125 units. 


i* maternal blood showed 
the newborn infants eon- 


roxri.rsitiss 

1. The speed of sedimentation of the erythroevtes in the newborn is eon- 
siderablv prolonged. 

2. There is a tembney for the sedimentation r« action to be less retarded 
as the infant becomes older. 

3. The use of the superior longitudinal sinus as a source ot obtaining 
blood for the study of the sedimentation speed in the newborn is discussed. 
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OBSERVATIONS ON THE VAQrutr at> 

VASCULAR RESPONSE TO DRAINAGE 
OP ASCITES* LNA GE 


W. A. Brams, M.D., and J. S. Golden, M . D , Chicago, III. 

I nal distention hast^MMi ^Plun^ f faU after exce ssive abdomi- 
ments, found a drop in the femoral vei. mie1 ’ m a Senes of au >mal experi- 

r USb ' iDjeCted -*0 the peritonehTcavity ^ ° f ^ 

temporary fall i n venous pressure aftev \ and Samt -Girons* noted a 

portal cirrhosis. Brams Katz and Knl 3 * ^ T* removed from patients with 
the femoral vein in animal experiments t faI1 “ P^ure in 

tention. On the other hand the ™ f brupt release of abdominal dis- 
only a few instances, the fall behm muT u “^ en,al ju “ ular cha ”^ ia 
carotid pressure in these experiments • f than m tlle femoral vein. The 
distention,- a fall, either transient J 'T 011 abl ' upt release of abdominal 
of the experiments, and a rise was n ° ,°” gec1, oceiu 'red in about two-thirds 
The present . . present 111 the remainder. 

during the removal of Lscitie fluid l‘ takei J. (a) to stu dy the circulatory responses 
ascites, and (b) to compare the h* la f ts P 01 'tal cirrhosis and chronic 

distention in these patients with the' effect gl ’ acluaI release of abdominal 
experiments. s 11101 *e abrupt release in animal 

needle was inserted into tL^edhiT h * * .^ enou . s Pressure was used. A hollow 
eter by suitable nibber tubin" n'l ^ - C V °* U and couliec t e d with a nianom- 
sterile citrate solution from a res -7* entlre system was filled with 3 per cent 
to flow into the vein through fi,„ en °7' ^ e ^rate solution was permitted 
clotting. Compression of °the veffiT r f<5W mmutes in ordev to P reveut 
the extremity. Patency of the „p Pr n ° , ? ar “ Was P reven ted by adducting 

of venous pressure. .Sufficient f " aS tes tcd before and after each reading 
tion of the level of the cifmt ™ e \ ras flowed in all instances for stabiliza- 
right auricle was marked in the^ the mail0me ter. The level of the 

middle and anterior thirds of th t) 1 ri “ at * nter space at the junction of the 
on the manometer. This le ' I ^ 101 ax an ^ P°int was used as the zero level 
prevent errors due to chml! •" 98 d ® t _ emme d before each reading in order to 
the drainage. ° 1U P° sl Lon of the patient during the course of 

Ten patients with chronic ascites nf i a .i 
were selected for this studv TI • °* ma degree due to portal cirrhosis 

tion and 7 were sitting durum thf °f ^ patients were iu tho recumbent posi- 
the hypogastrium with a laro7 aniage - Paracentesis was performed iu 

preliminary local anesthesia. A w" ?? der aseptic Precautions and after a 
— - o lubber tube was attached to the trocar in 

. _ Prom Department* _ 


cal 


° moe was attaciieu to tne trocar m 
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order to siphon the ascitic fluid into n receptacle resting on the tlo n 
oictu to sipni n I experiments and m larger 

fluid was removed m stapes, a liti. 1 at cacti sta„c i . • . 

in .he other two. Venous pressure. syst.Jte nn.l d. -.1 

pressure, ami pulse rate were no.e.l at each stap-e. Itespirations ami the 
oral condition o£ the patient mere also closely ohserve.l m til instiinee. 

The control vrnotts pressure was normal or shflttly e evatei in • » 
patients and low in one. This does not atrroo tn.h VtUaret and Sam tenons 
who reported a low venous pressure in all their patients wtth portal em hosts. 


Taih.e I 


l’RuTucotr or I.’ase 0, Tvm'.M. or Those Obskkv 


,- KI> | N - Ai.t. IxsrASCEs ( Femai.e, Acie Kitty 


Years • Diagnosis, 1 ‘ohtai. Cirrhosis <tr I-iver With Ciirosk: 

Sitting I’ostche in Bed) 


Asi-m'.s; 


A1IOUNT EI.UID 
P.K1IOVEII 

(c-c.) 

Control I 05 * 

1000* l'l-'t 

2000 92 

3000 !»"» 

4000 S» 

3000 " (l 

6000 83 

7000 

S000 <" 

9000 00 

10000 0° 

11000 ">s 

12000 r 'S 

13000 •)> 

14000 60 

15000 -*0 

16000 ">•'> 

17000 no 

18000 40 


lJLOOI> 

PRESSURE 

MM. HU 

PULSE 

hate pkh 

MINUTE 

142/128 

132 

144/128 

108 

144/128 

116 

142/128 

120 

142/1 IS 

120 

136/112 

126 

134/108 

128 

136/106 

116 

134/104 

120 

132/100 

116 

130/104 

124 

129/102 

120 

129/102 

120 

128/98 

108 

124/9S 

106 

132/10S 

124 

128/106 

116 

128/98 

122 

120/96 

120 


VENOUS PRESSURE 

mm. citrate 


•Five minutes elapsed between removal of each 1000 c.c. 


The changes in Case 6 are typical of those which occurred in all instances 
and are shown in Table I. An early fall in venous pressure occurred in all 8 
patients in whom determinations were made after the removal of each 1,000 c.c. 
of ascitic fluid. In four of these the lower level of venous pressure was main- 
tained, while in the remaining 4, a further fall occurred as more fluid was with- 
drawn. In all of the patients the venous pressure was lower at the end of the 
drainage than at the beginning. 

The systolic arterial blood pressure fell in all but one of the patients, the 
drop varying from 4 to 34 mm. of mercury. This is in contrast to the variable 
results noted after abrupt release of abdominal distention in animals. 3 The 
diastolic blood pressure fell in all instances, the decrease varying from 4 to 
32 mm. of mercury. The arterial blood pressure, like the venous pressure, 
began to fall early in the experiment. Faintness occurred in one instance 
where the systolic blood pressure fell from 94 to 60 mm. of mercury and the 
diastolic, from 76 to 54. The venous pressure in bis patient had been falling 
gradually from the beginning, from 80 to 54 mm. of citrate solution. At the 
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time tlie patient complained of vertigo, the venous pressure fell abruptly from 
of to 35 mm. of citrate solution. The patient recovered in a few minutes after 
which the systolic blood pressure rose to 74 and the diastolic to 54 nun. of mer- 
cury. The venous pressure also rose at this point to 43 nun. of citrate solu- 
tion. The fall in arterial pressure in this patient occurred before the venous 
pressure dropped ; a finding in accord with that reported by Brains, Ivatz and 
ICohn 3 in animal experiments. 

The pulse rate was slower in 6‘ patients at the end of the experiment and 
unchanged in 4. It is interesting to note that no increase in pulse rate occurred 
during the period of faintness in the patient described above in detail. 

The earl}" fall in venous pressure appears to be due chiefly to improve- 
ment in respiratory excursion. The respirations became definitely deeper 
after some ascitic fluid was removed. A further fall in venous pressure oc- 
curred in these patients when they were instructed to breathe more deeply. A 
similar fall in venous pressure was reported by Meyer and Middleton 4 during 
the hyperpueic stage of Cheyne-Stokes respiration and by Ivroetz’’ after con- 
tinuous deep breathing. The mechanism for the venous pressure drop might he 
the increased aspiration of blood into the thorax accompanying the greater 
respiratory excursion. 

The fall in arterial blood pressure and pulse rate is more difficult to ex- 
plain. A number of factors were pointed out in the discussion of the results 
obtained in animal experiments; the most likely factors being (1) decrease m 
peripheral resistance due to reduction of compression of the abdominal aorta, 
arterioles, and capillaries and (2) reflexes via the splanchnic nerves. 

The clinical significance of a fall in blood pressure is important, as a 
marked drop such as occurred in some of our patients may lead to collapse. 
In a patient with a normal blood pressure and a quickly adjusting vasomotor 
reaction, no harm may result but even a small blood pressure drop may he 
serious if the blood pressure is low to begin with. A subsequent study of all 
10 cases showed that, the only patient in whom collapse occurred was m an 
instance where the blood pressure before tapping was 94/7S. Further obsei- 
vations are necessary to determine whether such a low blood pressure uai- 
rants caution in the removal of ascites. Another patient (Case 3) went into 
collapse on two preceding occasions when the fluid was removed while ni a 
sitting posture. His systolic blood pressure was 142 mm. of mercury and the 
diastolic was 90. Removal of the same quantity of ascitic fluid at the same 
rate as on the previous occasions resulted in no untoward effects when di aI ’^ 
age was performed in the supine position. It is possible that this patient "i 
a normal blood pressure is an example of failure of the vasomotor system 
adapt itself sufficiently to the changes induced by removal of ascites. In an} 
event, it is suggested that the patient be placed in a recumbent position m a 
cases where ascites is to be drained, and a hypodermic syringe of adiena n 
be available. 

SUMMARY 

1. The effect of draining off abdominal fluid on the venous pressiui, s}^ 4 ^’ 
and diastolic arterial blood pressure and pulse rate was studied in 10 pa ie n 
with portal cirrhosis and chronic ascites. 
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PKJMEXT STl'MKS 5 


I. On a Bkown Skin-Adkenai.in Coi.ok Reaction 

C’i.auence QriNAN. M.D., San Fuancisco. Caup. 

M EIROWSIvY 1 seems to have been first to call attention to the fact that a 
melanin-like substance forms itself when an extract of human skin is 
heated in the presence of adrenalin. Ilis original experiment was made with 
a mixture that consisted of “suprarenin (1:1,000) one part, extract of 
preputial skin one part, and water one part. After this preparation had been 
incubated for twenty-four hours at 56° G\, he noted that its color had changed 
from a light yellow to an intense grayish black. More recently- it has been 
shown that sections of whole skin exhibit a like reaction. 

Two questions about this striking phenomenon still await elucidation — 
one concerns the chemical composition of the pigment substance itself and 
the other, its mode of formation. 

With respect to the second query — the only one considered here — the 
view seems to prevail very generally that the pigment is produced in some 
way through the activity of an oxidizing ferment present only in living 
epithelial cells. Indeed, having shown experimentally that sections of human 
skin treated with a 1 to 2 per cent aqueous solution of 3, 4-dioxyphenylalanin 
exhibit a similar color change. Bloch 3 insists that the brownish substance Is 
formed through the agency of a specific intracellular ferment, the so-called 


•Received for publication, August 30, 1933. 
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dopa oxydase. This ferment is said to be tliermolabile 3 and to be rendered 
inactive, if not actually destroyed, at a temperature of 57° G. 

The work herein reported was undertaken in order to ascertain, in re- 
gard to the factor of temperature whether sections of human skin would dis- 
play a peculiarity previously noted in experiments with a finely powdered 
preparation of rieinus lipase. Concerning this peculiarity, it was found con- 
stantly on incubating a small quantity of the lipase material in a dilute solu- 
tion of adrenalin at 45° C. that in the course of a week or two the color of 
the precipitated powder gradually changed from white to brownish black. 
But, on the other hand, it was also noted constantly that this color reaction 
took place with equal, if not slighter, intensity when such experiments were 
repeated with a lipase powder previously sterilized by heating it in steam for 
half an hour at 100° C. To cheek this finding by means of another tissue, 
similar experiments were made with bits of human skin, using as test objects 
small squares of it that measured about 5 mm. on a side. 


MATERIAL AND TECHNIC 


The working material used was obtained, as needed, from 26 selected seem- 
ingly normal, coroner’s subjects. Qualitative details about this material may 
be dispensed with, as the various specimens of skin tested did not seem to 
differ from one another significantly as regards their pigment-forming capa- 
bilities. It should be stated, however, that care was taken to select skin that 
was both white in color and free from coarse hairs. Each specimen was pre- 
pared for use by paring away as much as possible of the subcutaneous fat. This 
having been done, and the skin having been washed clean in running tap water 
and dried with a cloth, it was then cut into squares of the proper size. 


It was found convenient to make the experiments in small test tubes 
(1 cm. in diameter). The preparation used routinely consisted of a single test 
square and 4 c.e. of an adrenalin solution made by diluting Parke, Davis and 


Company’s adrenalin solution (1:1,000) with freshly boiled distilled water ui 
the propoi’tion of 1 to 5. Whether fresh or steamed, the squares were tested 
in three ways, namely, in an open tube, in another sealed by a layer of heavy 
mineral oil and in a third tube sealed by fusing the open end over a Bunsen 
burner. Toluene was added only to the unsealed preparations. The tests were 
set up in parallel series. In one of these the skin was tested in its or igina , 
fresh state, in the other, after it had been heated for half an hour in ,no,s 


Table I* 

Pigment Formation in Hydrolyzing Skin-Adrenalin Systems 


MATERIAL TESTED 


Squares of fresh, skin 
Squares of steamed skin 


PREPARATIONS 


SEALED 

UNDER 

OIL 


sealed 

BY 

FUSION" 


104 

67 


73 60 

5 ? 58 . 

•Shows average time interv al, in hours, before appearance of a brown substance ,n VaJues 
arations made, respectively, with squares of living skin and squares of obtained 

shown are based on data noted in parallel series of experiments with =K‘“ - 
from 26 coroner's subjects. Incubation temperature 45° C. 
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steam at 10lF C. Satisfactory results were obtained by incubating the prepa- 
rations at a constant temperature of 15° C. 

U1-SUI-T.S 

AY hen such preparations were placed in the incubator and observed from 
day to day, in the course of from twenty-four to seventy-two hours it was 
noted that the adrenalin solution became faintly pink in color; and that im- 
mediately after this coloring matter made its appearance — never before the 
skin squares began to turn brown. This change was at first barely perceptible 
as an extremely pale shade of brown. But the reaction being a progressive 
one, often in the course of from six to ten days, the squares became almost 
black in color. There seemed to be a relationship of some sort between the 
rate of formation of the brown pigment and the color of the supernatant ad- 
renalin solution. For it was obvious that the brown material was produced but 
slowly while the adrenalin solution was pale pink in color, at a more rapid rate 
while it exhibited a clear, rose pink shade, and most rapidly when its color 
had become reddish brown. These color changes occurred earlier and seemed 
to be somewhat more pronounced in the preparations made with squares of 
devitalized skin than in those made with squares of living skin ; the average 
values obtained as regards the time of onset of the brown staining effect were, 
respectively, fifty-eight hours and seventy-three hours (Table I). Formation 
of the brown dyestuff took place in both of the preparations from which air 
was excluded. But on the whole it formed more slowly in the preparations 
sealed by fusion than in those sealed by a layer of mineral oil. 

In numerous collateral series of experiments it was noted, constantly, 
that the addition of 1 per cent by weight of sodium chloride to a preparation 
caused the square — whether a heated or an unlieated one — to turn brown 
within twenty-four hours and to exhibit a maximum grade of pigmentation 
within a period of four days. 

Control squares of skin were incubated in distilled water at 45° C. With- 
out exception, after an incubation period of two weeks each square remained 
as perfectly white as it had been when in the fresh state. 


SUMMARY 


1. Experimental data are presented which show that bits of human skin 
become dark brown in color on being incubated in a dilute solution of ad- 
renalin. 

2. The results obtained seem to show conclusively that the brown pigment 
forms itself in the absence of any organized ferment. 


The author wishes to thank Mr. Paul C. Greene for valuable technical assistance Tendered 
(luring the course of this study. 
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PIGMENT STUDIES* 


II. Ox tiie Importance op Hydrolyzed Adrenalin as a Tissue Stain 


Clarence Quinan, M.D., San Francisco, Calif. 


IN TIIE preceding: study it was found with respect to two organic substances, 
-*• one of vegetable, the other of animal origin, that they gradually became 
almost black in color if they were incubated for some time at 45° C. in a 
hydrolyzing solution of adrenalin; and that this phenomenon occurred whether 
these substances were tested in the fresh state or after they had been heated 
in live steam for half an hour at 100° C. The materials tested were small 
quantities of defatted castor bean meal and bits of human skin. 

Apparently, the conditions under which the experiments had been made 
were such as to preclude the possibility that the melanin-like pigment had 
formed itself through the agency of an organized ferment. It seemed prob- 
able, nevertheless, that the process of pigment formation was essentially a 
catalytic one; and that the color change noted took place because of the fact 
that the solution contained some cleavage product of adrenalin which acted 
upon the tissues and dyed them brown. In other words, the evidence seemed 
to indicate that the solution of hydrolyzed adrenalin acted simply as a non- 
specific stain. As it seemed worth while to secure, if possible, some data on 
this point, many series of experiments were made with suitable test objects 
representative of various cellular structures. The results obtained show that 
under proper conditions a hydrolyzing solution of adrenalin is capable of im- 
parting an intense brownish black color to a number of organic substances. 
Since it does not appear to be generally known that such a solution has tine 
torial properties, this paper gives a brief account of the staining experiments. 

MATERIAL 

Four kinds of material were tested: white holly, normal human skin, uoi- 
mal human red bone marow, and blood obtained from a patient afflicted wi 1 
myelogenous leucemia. _ f 

The white holly was purchased from a cabinetmaker. It consisted o 
small sheets of veneering, about 1 mm. in thickness and perfectly “dressed on 
both surfaces. Pieces of this wood 1 cm. square were used in the experiments. 
The specimens of skin tested, as well as those of bone marrow, were obtaine , 
as needed, from carefully selected coroner's subjects. The tissues weie pie^ 
pared for use as follows: Each skin specimen, in the usual manner, uas 1 
hardened in 10 per cent formaldehyde and then embedded in P aia 
sectioned. The staining tests were made with sections attached to 
by means of an albumin fixative. In the experiments made, respectn e } , ^ 

red bone marrow and leucemic blood, the usual smear preparations v. ei 
Both were fixed in absolute alcohol. 
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1, l>np,mUi»n .»/ fit.- HUiiuuuj Nofa/.om-lnto a cylimlrie ^peoiimn tain; 
J cm. by 8 tin. in si/.t. :i e.e. .»f Park.*. Davis and Company’s adrenalin solution 
(1:1000) ami 7 e.c. of f reshiv boiled distilled water were measured by means ot 
a pipette and then, to serve as a eatalytie agent. a bit of human skin 5 mm. 
square — previously steamed for half an hour at 1CM) 2 3 C.-wms dropped into the 
tul)e. To prevent loss by evaporation the tube was provided with a tightly 
fitting stopper. The preparation then was ineubated at 17 C. and observed 
from day to day with refereuee to the appearance of two color reactions— cmc 
in the supernatant solution, the other in the little piece ot tissue. As a tub. 
in the course of from one to three days, tin* solution gradually became deep 
rose pink in color while, toward tin* end ot that period, the hit ot skill began 
to exhibit a very pale brownish discoloration. When both of these color 
changes were visible, the solution was ready tor use. 



Fig. 1. — Squares :>f white holly s-talnod In a solution of hydrolyzing; adrenalin. One and 
three are squares of the wood in its natural, unheated state. Two and four are squares steamed 
tor half an hour at KM* C. before they were tested. Five is the control strip. Incubation 
period was six days. Temperature 15° C. Xote that the heated squares are darker in color 
than the unheated ones. 

2. The Staining Procedure . — Slide preparations of the tissues to he tested 
were bi-ought into the rose pink solution and then incubated at 45° 0. until the 
desired brown staining effect developed. This usually required a period of 
from six to ten days. It should be mentioned that the squares of white holly 
were introduced into the solution edgewise and kept in a vertical position by 
means of suitable holder devices fashioned out of glass tubing. 

RESULTS 

White Holly 

Experimental evidence was sought especially in regard to two points-. 
(1) Does heat modify the action of the stain in any way? (2) Is the stainin'* 
process modified by- the factor of concentration ? 

Influence of the Heat Factor. Method: Two pieces of white holly were 
used in each experiment, namely, a square of the wood in its natural, unheated 
state, and a square that had been steamed for half an hour at 100° Q 
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adrenalin (1:1000). IncubatK&oT^^^ S0 - and 100 per 

that the set of «<-<* ex P ei 'iment, after the lapse of six days it was found 

in Fif. 2 The fl? 11 ™ 8 dl8played the color changes of graded intensity shown 

ences°betwppn i ““V™ 1 ?® was from P«le brown to brownish black. The differ- 

the stainiim eff ! ^ Squares of a series . as regards the relative depth of 

for TZ V t \ Zr reUdei ' ed remarkab le by a particular circumstance; 

spicuously in the fi t ^ ^ Slam ° f tlie wood stancls out more or less con- 

remainino two & ^ Squares > stained in the weaker solutions, while the 

emainmg two squares appear to be uniformly black in color. 

Skin 

serve tifpvnl . eutei ta ^cd that suitable tests with thin sections of skin would 
stuff nrevim T* 3 pec " harit F in regard to the distribution of the brown dye- 
bits of hi„ i' S y ? i m the eXperiment s with whole skin. For on examining 
seTve^ old testing solutions, it had been ob- 
, . * la iat * le brownish black staining effect was most pronounced 

, 0 f +J ea ^i 16 ree e P^elial sul *face of the specimen while, in striking con- 
. S ’ eepei > subcutaneous tissues showed much lighter degrees of discolora- 
tion. Since it seemed probable that thin sections of skin would stain more 
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evenlv, numerous slide preparations were incubated in the staining solution 
until the proper color developed and then were exutiuned under the micro- 
scope. Contrary to expectation, however, it was found in every eu.se : (1) lhut 
the amount of the brown material present in the tissue increased in the direc- 
tion from the depth toward the free surface of the section. (2) That the deep 
layers of the stratum eorneum were so intensely stained that an average section 
(see Pig. 3) had the appearance of being bordered on one side by a sharply 
defined zone wherein the black staining effect closely resembled that observed 
in the experiments with white holly. 



Jiff. 3. — Section ot normal human skin stained in hydrolyzed adrenalin for six days. 


(X125) 


Comment; The foregoing observations seem to justify the inference that 
the depth of the brown discoloration at any given level in a stained section 
of skin is related in some way to a density factor. At any rate, figuratively 
speaking, it would appear that somewhat as the lines in a contour map in- 
dicate the pitch of a slope by their nearness to one another, so in a stained 
section of skin the color appears to be darkest near the surface where the 
cells are closely packed. 


Leucemic Blood and Red Bone Marrow 


Method : As it was desired to find out what staining effects, if any would 
take place if representative groups of leucocytes were incubated in the adrenalin 

solution, simultaneous tests were made with two smear preparations- one of 

leucemic blood and one of hone marrow. Twenty experiments were made in 
all. The average time period was six days. 


Results; Although the pigmentary changes observed varied considerably 
both in degree and extent, it was found, without a single exception, that the 
leucocytes exhibited brown color reactions. In a majority of the specimens 
the staining effects were comparatively slight in degree and were limited to 
the nuclei, causing these to appear as pale brown objects sharply outlined 
within the colorless eell bodies. Rut not a few other specimens weL enc o^ 
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tered (see Figs. 4 and 5). which afforded obvious proof that the brown dye 
had stained deeply not only the nuclei of the leucocytes but also the myelo- 
cytic granules. Therefore, having in mind the evidence previously acquired, 
it was inferred from these observations, (1) that the test solution contained 
a diffusible nonspecific pigment of unknown composition ; and (2) that al- 



Pi S' i ■ — Smear of leueemic blood stained in hydrolyzed adrenalin for six days. 



Pig'. 5. — Smear of human red bone marrow stained in hydrolyzed adrenalin for six da. 

though the conditions essential to the development of its maximum act rut} 
were undetermined, this substance stained the component tissues of the eim 
cytes with unequal intensity. 

SUMMARY 

1. A new' method is presented for the preparation of a rose pink solu 
of hydrolyzed adrenalin. 

2, Under suitable conditions this solution imparts a deep brown oi 
ish black color to various organic substances. 
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3. The brown dye appears to be nonspecific in its action. 

4. The staining effects obtained with specimens of white 
skin, leucemie blood and red bone marrow are described. 


holly, human 
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CRYSTALLINE ELEMENTS IN THE STOMACH LAVAGE OF 
PATIENTS WITH CHOLELITHIASIS* 


IIkxky A. Rakskv, M l)., F.A.C.P., New York, N. Y. 


TN A PREVIOUS paper, 1 certain types of crystals, present in preoperative 
* specimens of bile, in patients with gallbladder disease, were described and 
compared with biliary crystals found in the scrapings of stones and bile reinoscd 
from the gallbladder at operation. During the course of the above investigation, 
it was observed that in some patients, the duodenal tube did not pass beyond 
the pylorus within a period of eighteen hours. A microscopic examination of the 
aspirated gastric contents of these patients revealed various types of biliary 
crystals. It was, therefore, thought of interest to determine the frequency with 
which crystalline elements were found in the gastric contents of patients with 
gallbladder disease. For this study, 2S patients were observed. 

The patients were grouped as follows: Group 1, consisted of 21 patients, in 
whom there was definite rocntgenographic evidence of cholelithiasis. Group 2 
(the control group), consisted of 7 patients who were free from gastrointestinal 
symptoms. 

The gastric contents of all the patients were obtained by stomach lavage, 
because (lavage) water was found to be the best medium for the mieroseopic 
detection of biliary crystals. The gastric lavage was performed with plain tap 
water, preferably in the morning, on any empty stomach. A specimen of the 
lavage water was then collected and examined microscopically. 

In Group 1, there w r ere 21 patients. Five of these were males, and 16 
females, the ages ranging from thirty-one to sixty years. Typical and atypical 
cholesterol crystals, carbonate crystals, and calcium bilirubinate pigment 
(granular and amorphous types), separately or collectively, were found in the 
gastric lavage of every one of the patients in this group. The crystals and pig- 
ment were present in appreciable amounts, and as follows: Cholesterol and 
calcium bilirubinate pigment, together in 14 patients; cholesterol and carbonate 
crystals together with calcium bilirubinate pigment in 3 patients (Figs. 1 and 
2); cholesterol crystals alone in 2 patients; and calcium bilirubinate pigment 
alone in 2 patients. The cholesterol type of crystal predominated in 9 of the 
patients in this group. Calcium bilhwhinate pigment was most abundant in 

I.,nox*Hm m Ho T S pU faX Einh ° ra Gas tro-EnteroIogical Clinic and the Surgical Division of The 
Received for publication, September 5, 1333. 
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12 patients. The crystalline elements were found, at times, in the mucus, and, 
at other times, independent of the mucus. It was not necessary to centrifuge 
the specimens to obtain the crystals. 
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Figr. 1. — Mi's. IC. Cholesterol and carbonate crystals ; slight amount of calcium bilirubinate pi» 
ment. (Microphotograph of panicle in preoperative specimen of gastric lavage.; 



Fjg:. 2. — Mrs. P. Abundant amount of calcium bilirubinate pigment and lavage.) 

carbonate crystals. {Microphotograph of particle in preoperative specimen or o<- 

Eighteen of the patients in Group I were operated upon. I J1 ^ 

eases, the crystalline elements observed in the lavage water, preoperafne j, 
found to be similar in appearance to the biliary crystals seen in the seiap 
of stones or bile removed from the gallbladder at the time of operation. 
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Group 2 (the control group) consisted of 7 patients run-in*.' in age trom 
twenty-five to fifty years, all of whom were free from gastrointestinal symptoms. 
Four of these patients were males, ami :$ were females. These patients came to 
the hospital for other than abdominal ailments, and. as far as could he ascer- 
tained, never complained of gastric symptoms. Microscopic examination ot the 
stomach lavage obtained from these patients did not reveal the presence of 
cholesterol or carbonate crystals. In only 4 of the patients a slight amount of 
calcium bilirubinate pigment was found. 


COM MK NTS 


Cholesterol and carbonate crystals and calcium bilirubinate pigment were 
found, separately and collectively, in appreciable amounts, in the stomach lavage 
of a group of patients suffering from calculous cholecystitis. 1 he presence ot 
these crystalline elements in the gastric lavage was due* to regurgitation ot the 
bile and duodenal contents into the stomach. In about one-half ot the patients 
the gastric lavage water was bile tinged, and, in the remaining patients, it was 
colorless. 

Although biliary crystals were present in the stomach lavage in appreciable 
amounts, they were not, as a rule, as numerous as the crystals seen in preoperative 
specimens of bile of patients with cholelithiasis. When, however, the gastric 
lavage was performed within six hours after the onset of an attack of biliary 
colic, showers of crystals and an abundant amount of calcium bilirubinate pig- 
ment were found. 

Carbonate crystals in the stomach lavage were dissolved by hydrochloric acid 
which aided in differentiating these crystals from the atypical types of choles- 
terol crystals. At times, starch granules in the lavage water had to be distin- 
guished from biliary crystals. This was readily done by the addition of iodine. 

Microscopic examination of the stomach lavage of the patients in the con- 
trol group did not reveal any cholesterol or carbonate crystals; yet, a slight 
amount of calcium bilirubinate pigment was found in four of the patients. 
In a previous paper, 1 it was emphasized that a few cholesterol crystals or a 
small amount of calcium bilirubinate pigment, present in preoperative specimens 
of bile, had no pathologic significance. The presence of a slight amount of 
calcium bilirubinate pigment in the stomach lavage, likewise, cannot be regarded 
as abnormal. 

The presence of biliary crystals in the stomach lavage of patients with 
cholelithiasis, is of some significance. However, an exact diagnostic appraisal 
of this finding cannot as yet be given, as this subject is still under investigation. 

CONCLUSIONS 


1. A series of 21 patients with cholelithiasis, and another 7 patients (control 
group) free from gastrointestinal symptoms, were subjected to a microscopic 
examination of the gastric contents obtained by lavage. 

2. Idie stomach lavage of the patients with calculous choleevstitis showed 
appreciable amounts of cholesterol and carbonate crystals and calcium biliru- 
binate pigment occurring separately and collectively. 
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3. In the control group the gastric lavage showed, in only four patients, 
a slight amount of calcium bilirubinate pigment, which is not regarded as ab- 
normal. 

KEPEREXCE 

1. Rafsky, II. A.: Diagnostic Importance of Biliary Crystals, Am. J. it. Sc. 185: S51, 1033. 
77 East 79th Street 


EFFECT OF SMOKING ON SKIN TEMPERATURE* 


Harry J. Johnson, M.D., and James J. Short, M.D., New York, N. Y. 


C ONSIDERABLE investigation lias been carried out during the past decade 
in an attempt to determine the various effects of tobacco on the human body. 
It has long been thought that tobacco was an important contributing etiologic 
factor in some of the vascular diseases, most notably thromboangiitis obliterans. 
Certain other conditions also have been so frequently associated with the prac- 
tice of smoking that the causal connection has been considered indisputable by 
some authorities. In this group we can mention cardiac arhythmias, shortness 
of breath, and chronic congestion of the nasopharynx. 

On chemical analysis of tobacco smoke, Bogen 1 points out that the composi- 
tion of the smoke obtained from any cigaret depends to a great extent on the 
manner and rate with which the cigaret is smoked. The sidestream, or the smoke 
from the lighted end of the cigaret, ordinarily constitutes the greater part ot 
the actual materials given oft' from the combustion. This contains a low concen- 
tration of carbon monoxide with a relatively high percentage of nicotine. Smoke 
which has been sucked in contains an appreciable amount of carbon monoxide. 
This has been estimated as high as S.3 c.c. from each gram of tobacco smoked, 
which is approximately the amount of tobacco in each cigaret. Jhe 
amount of nicotine in the smoke sucked in is much greater than that of the 
sidestream. This has been estimated at from 3 mg. to 9 mg. from each gram ot 
tobacco smoked, and SS per cent of this is absorbed. Bogen notes also that 
domestic cigarets are somewhat richer in nicotine than many of the impel ec 
brands. The domestic brands average about 2.5 per cent nicotine. 

"Whether or not nicotine is the primary toxic agent in tobacco smoke, it is 
interesting to note that according to Bastedo- nicotine is rapidly absorbed fiom 
skin and mucous membranes. Its main action is a brief stimulation of lC 
sympathetic and parasympathetic ganglia, followed by a depression. The stunn 
lation of the ganglia results in a rise in blood pressure. The lethal close of meo 
tine for an adult is about 500 mg. In addition to the nicotine and eaibon moa 
oxide, the aspirated smoke contains pyridine, aldehydes (especially fm 111 a 
and volatile oils. These are generally considered of relatively little sigm Cl ^ 
That smoking has an effect on the cardiovascular system has long 

•From the Department of Medicine, New York Post Graduate Medical School and H 
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suspected. Simiei and .Marco* in l»Uti staled that tobacco smoko produces m 
both smokers ami nonsmokers well-marked disturbances in the cardiovascular 
system. These disturbances, they consider, are characterized principally by 
phenomena oi vasoconstriction which appear first in the visceral, and then in 
the peripheral vessels. They found a rise in blood pressure of 20 to .‘JO min. 
of mercury, with an acceleration of pulse of 10 to -10 per minute, I hey explain 
this on the basis of a vasoconstriction. 

Bruce Miller and Hooker 1 in 100!) believed that there was probably a periph- 
eral vasoconstrictor,* effect trom smoking tobacco and demonstrated this b\ 
noting the volume changes in the arm and hand. Mosehcowitz'" in 1J2.S stated 
that the most probable explanation of the so-called tobacco angina is that it is 
due to the constrictive action of tobacco on the blood vessels ot the heart. 

Madoch and Coder have more recently shown what they consider further 
evidence of a peripheral vasoconstriction as a result of smoking, by determining 
the temperature of the skin of the upper and lower extremities. In the ease 
mentioned in their report, they found a drop of o.!P C. in the upper extremity 
and 1.5° C. drop in the lower extremity while the subject smoked 3 cigarets. 

In the present study 34 subjects were used. An attempt was made to ob- 
tain a record of the changes in the temperature of the skin while the subjects 
were smoking. The region just below the nail of the third finger of the left 
hand was selected as the site for temperature determination. The subject’s hand 
was placed in a comfortable position and relaxed. The instrument used for 
measurement was the Leeds and 'Northrup electric recorder. The thermocouple 
was fastened to the site selected and the record taken. 

After a constant temperature was obtained the subject was instructed to 
smoke a eigaret in his accustomed manner, continuing to smoke until approxi- 
mately % of the eigaret had been consumed. Several of the popular brands were 
used. Room temperature varied between 63° F. and 86° F. In no case did the 
lowest temperature reached go below room temperature during the progress of 
the experiment. 

In Table I 26 of the subjects were habitual smokers, consuming from 15 to 
30 cigarettes daily. Of these, 22 showed a drop in skin temperature averaging 
4.3° F., 2 showed no change at all. and one showed an elevation of 8° F. 

Four of the subjects in Table II were retested, and in each ease a compara- 
ble change was noted except one, where the drop was approximately half of the 
original. 

In the group of 8 nonsmokers, 3 showed an average drop of 3.2° F. 4 
showed no change at all, and 1 showed an elevation of 1° F. 

Four cases of thromboangiitis obliterans were studied, 3 of which showed an 
average drop of 8° F. One showed no change at all. 

In practically all of the eases studied where a drop in temperature was 
noted, the temperature change was evident before one-half the eigaret had been 
consumed. The average time required to reach the lowest temperature from the 
beginning of smoking was fourteen minutes, with five minutes as the minimum 
and fifty minutes as the maximum. The time required to return to the initial 
temperature or higher after the low point, averaged twelve minutes with five as 
the minimum and twenty-five as the maximum. 
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Table I 


Habitual Smokers 


SUBJECT 

ROOM 

TEMP. 

INITIAL 
; TEMP. 

LOWEST 

TEMP. 

DEGREES 

DROP 

TIME OF 

DROP 

RETURN 

TEMP. 

TIME OF 

return 

USUAL DAILY 
CONSUMPTION 
OF CIGARETS 

1 

63 


72.5 

2.5 

12 

91.0 

14 

20 

o 

63 

. 

S0.6 

4.4 

8 

■ 

5 

20 

3 

72 


76.0 

3.0 

10 



15 

4 

72 

81.0 

7S.0 

3.0 

12 

EKl 

6 

15 

5 

OS 

71.0 

07.6 

3.4 

5 

70.0 

15 

30 

0 

6S 

94.4 

92.6 

1.8 

5 

94.5 

8 

30 

7 

70 

87.0 

76.0 


20 

7S.0 

5 

15 

8 

72 

93.0 

SS.O 

5.0 

8 

92.0 

10 

15 

10 

6S 

80.0 

79.5 

6.5 

12 

S7.0 

s 

15 

11 

OS 

S7.0 

81.5 

5.5 

17 

SO.O 

14 

15 

12 

so 

S7.0 

81.5 


26 



30 

13 

76 

91.0 

84.0 

7.0 

24 



20 

34 

SI 

9S.0 

95.5 

2.5 

6 

9S.0 

8 

25 

1.1 

89 

97.0 

93.0 

4.0 

20 

97.0 

10 

25 

17 

76 

90.0 

89.0 

7.0 

25 

95.0 

22 

30 

38 


9S.0 

98.0 

0.0 

20 



20 

19 

m® 

S9.0 

S7.0 

2.0 

10 

SO.O 

12 

15 

o o 

76 

88.0 

83.0 

5.0 

22 



15 

23 

76 

SO.O 

75.0 

11.0 

50 



15 

24 

86 

98.0 

96.0 

2.0 

10 

9S.0 

25 

20 

26 

SO 

05.0 

93.0 

2.0 

6 

96.0 

7 

2d 

27 

76 

98 0 

96.0 

2.0 

5 

9S.0 

10 

10 

31 

SO 

98.0 

94.0 

0.0 

10 

9S.0 

20 

15 

32 

72 

SO.O 

SS.O 

+8.0 

10 



10 

33 

72 

92.0 

91.0 

2.0 

IS 



15 

34 

82 

SO.O 

SO.O 

0.0 

15 



5 


Table II 


Habitual Smokebs Tested at Different Times 


SUBJECT 

ROOM 

TEMP. 

INITIAL 

TEMP. 

LOWEST 

TEMP. 

DEGREES 

DROP 

TIME OF 
DROP 

i 

63 

75 

72.5 

2.5 

min. 

12 


67 

S5 


4.4 

s 

o 

72 

79 

76.0 

3.0 

10 


72 

SI 


3.0 

12 

5 

70 

S7 

76.0 

11.0 

20 


72 

93 


5.0 

S 

7 

68 

S6 

79.5 

6.5 

12 


6S 

S7 

81.5 

*).•) 

17 


return 

TEMP. 

Pjwj 

91 


S6 

O 

S3 

20 

SI 

6 

7S 

5 

92 

10 

S7 

s 

89 

14 


Table III 


Nonsmokeus 


SUBJECT 

ROOM 

TEMP. 

INITIAL 

TEMP. 

LOWEST 

TEMP. 

DEGREES 

DROP 

TIME OF 
DROP 

return 

temp. 

time of 
RETURN 







min. 

11)111. 

9 

66 

8S 

86.0 

2.0 

o 

91 


16 

79 

96 

97.0 

+1.0 



IS 

20 

S3 


S6.5 

3.5 

20 

92 

21 

S6 

9S 

9S.0 

0.0 

14 



25 

81 

97 

97.0 

0.0 




28 

97 


100.0 

0.0 


97 

12 

29 

30 

SS 

98 

98 

94.0 

98.0 

4.0 

0.0 

S 

10 
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>K SMOKINi* ON SKIN Tl'.M 1‘l.lt.Vl I III. 




In 4 cases the minimum temperature was reached ami tin- n-turn elevation 
ut' temperature began while the subject was still smoking. 

There was apparently no relation between the number of cigarcts consumed 
daily by the snbjeet ami his temperature reaetimi. 
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In comparing the iiroup ot smokers with the nonsmokers, it will be noted 
that SS per cent ot ihc smokers showed an average drop in skin temperature ol 
4.3° P. In the nonsmoker group only 3(5 j>er cent showed a drop and this 
average was 3.2° F. Conditions were identiea! tor both groups. It was noted, 
however, that the nonsmokers did not inhale. Karp' has pointed out that in- 
haler's take S times as much nicotine into their systems as smokers who do not 
inhale. Winterstein and Aronson showed that from 2.5 per eent to 4.4 per cent 
of the nicotine is absorbed on smoking without inhaling and from S.l per eent 
to IT per cent is absorbed when inhaled. When we consider that in the act of 
inhaling, the smoke is exposed to the mucous membranes of the nasopharynx and 
the lower respiratory passages, thus giving an infinitely larger surface on which 
the products of smoking may condense, wc may expect a greater deposition and 
consequent absorption of nicotine and other components, than would result from 
simply puffing the smoke in and out of the mouth. This may be the explanation 
for the marked difference between the temperature changes of the smokers as 
compared with the nonsmokers. 

In personal communication with Dr. Wright, pertaining to his work on 
capillary activity during active smoking, he states: 

“In certain individuals we have been able to note a marked slowing and 
often stasis in the capillary circulation at the nailfold during the smoking of a 
single cigaret. This phenomenon when present can be seen after the first few 
deep inhalations. It has been found especially in subjects who complain of 
systemic symptoms from the use of tobacco.” 


COMMENT 

As has been repeatedly contended during the past few decades, this work 
further tends to confirm the opinion that smoking does bring about a peripheral 
vasoconstriction, which may be a significant contributing etiologic factor in cer- 
tain of the vascular disorders and particularly in thromboangiitis obliterans. 

Note: Since this manuscript was prepared, Haggard and Greenberg 8 have 
shown that an increased blood sugar results from' smoking, and they attribute 
tins to adrenal stimulation by nicotine through the sympathetics. This has been 
confirmed by the present writers 3 who also believe that the vasoconstriction 
described above can probably he attributed to the same cause 
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VITAMIN TIIEKAPY IN PULMONARY TUBERCULOSIS® 


VI. The Effect of Viosterol on the Carbon Dioxide Content, the H-iox 
Concentration, Chlorides, Glucose and Urea Nitrogen of the Blood, 
and Protein, Calcium, and Phosphorus of the Serum. The 
Effect of Physiologic Saline on These Constituents 
During the State of Hypercalcemia. 


Paul D. Crimm, M.D., and J. W. Strayer, M.D., Evansville, Ind. 


TN PREVIOUS experiments 1 ive demonstrated the effect of viosterol on the 
1 calcium and phosphorus metabolism, aiid the effect of intravenous physiologic 
saline upon these two elements. In order to determine the effect of viosteiol 
upon other constituents of the blood we performed simultaneously the follow 
ing chemical analyses before, during, and after hypercalcemia. Likewise, tie 
same procedures were employed in determining the effect of physiologic sa i 
upon these constituents when administered during hypercalcemia. These an- 
alyses were performed on 15 patients who had a diagnosis of pulmonan u 
culosis, Stages II and III. 

METHODS 

Serum calcium was determined by the Clark and Collip 2 method, modific^ 
tion of Kramer and Tisdall. 3 Phosphorus determinations were made bj ^ 
method of Benedict and Theis. 4 McDonald’s 3 modification of Hastin^^^ 
Sendroy’s 0 method was used in making the analyses of the Pn- Caibon c 10X 
was determined by the volumetric method of Van Slyke ; r urea nitrogen acco^ 
ing to the method of Myers;® glucose by the micromethod of Folia; cl ® ^ 
by the method of Whitehorn ; in and albumin and globulin by the me 10 


‘From Boehne Tuberculosis Hospital. 
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CU1M M-riTH.VVl'.ir. _ 

. if the albumin determination 

Wu and Ling' 1 and Ureenhcrg ^ m , u . difference in tin; result is 

is allowed to ineubate tour »i | va ^'considerably after two hours, 
obtained, whereas the jilo >« m n . . . t AN1) i-nosi'iiolifs 

tub m-nxT ok viosriaion on M 1 ' .. w ith viosterol 

Data presented here further corroborate he ^ a ml U ve,r oil 

250D* and l<MW0X.t The solution J m ^, r th an 250D. The daily 

coefficient of 10,000. which is one hnnd in vitamin D of 

dose was 0.5 
5,000 e.e. of 
this group w 

result of this c i.t.o u> jo.-r i—- — 

Serum calcium concentrations a\eu r was n.4 mg. per 100 e.e. for the 

average normal serum calcium conun < t - the period of viosterol 

15 cases (Table I) The 0 f 3.8 mg. per 100 e.e. The 

administration was In- mg.. «» * y , - m<r , )cr 100 e.e. bctorc, and 

average serum phosphorus enm-enU a Ic |“ it is significant to note 

•1.9 mg. per 100 e.e. after the vios i * ^ i,tootl serum would have been 

that this concentration ot phosphoiu. viosterol admin- 

elevated had it been determined during - <V * • after thc serum 

istra ,i„„,. However. « ~ <■ 

ealcium Ins reaclirf a 1 , saline lowers the concentration ot 

We have demonstrated that p • work furt hcr verifies this spee- 

ealeium and phosphorus m the >« \ administrat i on of between 3,000 and 
ificity. Within twelve hors j the serum calcium concentration 

5,000 c.c. ot Physiologic cahuc per udr.nlual, fc ^ „ f , 5 

dropped to 12. < mg. per - ■ • ‘ 1 , . / j saline as shown by the average 

Seram phosphorus was decreased bj pinsioi ) c 

of 3 7 m«- ner 100 e.e., a decline of 1— mg. , 

ot o.i m 0 . per , . d phosphorus is not due to a change m 

The lowering ol serum calcium andpn°P ^ ^ th(; ad _ 

blood volume. Since determinations ^ returned to no rmal. Smith 

ministration of saline Wood rabbits isot0 nic solutions of various 

and Wendell ^ected was doubled although they found that 

differentials were eliminated from the blood at different rates. Most of the 
flffidt every case passed into the tissues within five minutes without causing 
evident edema If the decrease in serum calcium and phosphorus was due to 
dilution of the blood volume, a return to the original high concentrations would 
be expected after the effect of saline had passed. 

the, effect of viosterol on Ph and co. 

The average P H for the 15 cases was 7.39 prior to the administration of 
viosterol. This average is 0.02 more than the P„ of 50 normal individuals who 
equaled 7 37 10 After viosterol the average Ph of the blood for the 15 cases was 
7.41. The effect of a viosterol hypercalcemia upon the hydrogen ion coneen- 

*10 000 International units per gram- . . . „ , 

1 10.000 times average cod liver oil. 1.000,000 International units per gram; kindly supplied 
by Mead Johnson and Company. 
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t ration of the blood was shown as a slight sliift toward tin* alkaline side. In- 
dividual variations of fever may have aceotmted for an mereased !*„ in an 
occasional case. This is especially true after the administration of physiologic 
saline. This is demonstrated in Case 1.101*. Table 1. The average I’n for the 
same group after the intravenous injection of physiologic saline was 7.42. 1 he 

la rge quantity of -saline used in a short period ot time had no deleterious etlect 
on the patients outside of an occasional chill. 

These data show that viosterol hyperealeemia is not accompanied hv an 
increase in hvdrogen i<m concent ration. In Jiyperealeeinia produced hy viosterol 
our data do not conform to the opinion quoted hy I’ctcrs and Nan Slykc, 1- that 
a lower P lt tends to mobilize the calcium in the blood stream. Boriiheiin 1 ' 1 
states that diffusible calcium increased with a decrease in Pu. Ph«* average tor 
10’° of the 15 eases (5 additional ones in this report) presented in Table l 
shows an increase in both diffusible ami uondiffusible calcium during the state 
of hypercalcemia when the P« was increased. This work demonstrated that 
viosterol increased the uondiffusible calcium to a much greater extent than the 
diffusible calcium. At the same time the hydrogen ion concentration was de- 


creased (P H increased). 

Carbon dioxide in this series of 15 cases averaged 59 volumes per cent. 
During the period of hyperealeemia the average carbon dioxide percentage was 
61. Although this percentage is within normal limits it points to a slight 
increase in carbon dioxide during the state of hypercalcemia. Following the 
administration of physiologic saline, carbon dioxide averaged 57 volumes per 
cent. A decrease from 61 to 57 volumes per cent can he accounted for by fever. 
Collip and Backus 2 " were the first to point out that overventilation produces 
an alkalosis due to washing out of carbon dioxide from the blood. This fact 
was later home out by Grant and Goldman. 21 It was further noted by Koehler 22 
that acute clinical fevers produce a similar picture, namely, a low CO., and a 
high P„. 


THE EFFECT OF VIOSTEROL OX GLOBULIN* AXD ALBUM IX 


In 10 eases (Table I) the globulin and albumin were analyzed simultane- 
ously with the other determinations. The total protein average was found to 
be 6.90 gm. per 100 c.c. ; globulin was 2.85 gm. ; albumin was 4.05 gin. During 
hyperealeemia the total protein increased to 7.14 gm. per 100 c.c. This increase 
was due to the elevation of albumin. This is in accord with the findin" of 
other investigators, 22 namely, that proteins permit serum to hold more calcium 
m solution. When calcium was increased by means of viosterol, it was the 
albumin fraction which was responsible for retention of the calcium. Globulin 
decreased during viosterol hyperealeemia. Following the administration of 
physiologic saline intravenously, the total protein decreased to 6.10 gm per 
100 c.c. Globulin and albumin decreased, the albumin more than the globulin 
Further work is required to explain the mechanism by which protein is dimin- 
ished following administration of intravenous physiologic saline 


the EFFECT OF VIOSTEROL OX CHLORIDES, GLUCOSE AXD UREA XITROGEX 
Tile 15 caaa (Table I) shelved a normal average of 459 me. of ehloride.s 
preceding the administrate,,, of viosterol. During hyperealeemia” the ehloridS 
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averaged 428 mg. per 100 c.c. All hut two cases showed a decrease in chlorides. 
During the intravenous administration of physiologic saline the chlorides were 
elevated. The average for the 15 cases was 498 mg. per 100 c.c., an increase 
of 65 mg. per 100 e.e. over the average during tiie condition of hypercalcemia, 
and an increase of 44 mg. per 100 e.e. over the normal average. 

The average glucose concentration of the blood for the 15 cases was 102 rug. 
per 100 c.c. After the administration of viosterol the glucose was found to 
average 105 mg. per 100 c.c. Following the administration of physiologic 
saline, the average glucose was 105 mg. per 100 e.e. These data present a 
slight increase in glucose after viosterol. Physiologic saline had no effect on 
the glucose of the blood. 

Although some cases of pulmonary tuberculosis tend to have a slightly 
elevated urea nitrogen, the average for this group of cases was 14 mg. per 
100 c.c. During hypercalcemia, the urea nitrogen showed a tendency to increase 
in this series of cases. Following the administration of physiologic saline, the 
urea nitrogen averaged 13 mg. per 100 e.e. Sweany, Weathers and IfcGIuskej"* 
observed that in tuberculosis with no serious kidney lesion present, the chlorides 
and urea nitrogen played a reciprocal role. In this series when the chlorides 
were increased by physiologic saline, the urea nitrogen was slightly decreased. 


SUMMARY 

1. Viosterol increases the total protein, calcium, and phosphorus in the 
blood. The albumin fraction of the protein is increased, globulin decreased. 
The administration of intravenous physiologic saline decreased the total protein, 
calcium, and phosphorus. 

2. The state of hypercalcemia produced lyv viosterol is not. accompanied 
by an increased hydrogen ion concentration (P H decreased). 

3. The chloride content of the blood is slightly decreased during viosteiol 
hypercalcemia, and the urea nitrogen is very slightly increased. 

4. The carbon dioxide content and glucose are not significantly altered b} 
the massive doses of viosterol used to produce hypercalcemia. 
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CHEMOTHERAPEUTIC STUDIES WITH SODIUM RICINOLEATE 

(SORICIN)* 


•John A. Kolmer, M.D., Philadelphia, Pa. 
Assisted ijv AI iss Anna M. Rule and Mr. Bernard Madden 


I X CHEMOTHERAPY and especially of bacterial infections the possibility 
of producing: chemical agents capable of inactivating or destroying toxins 
and related substances in the blood and other tissues has long been of engaging 
interest. Of course, the predominating motive of chemotherapeutic research 
is the production of chemical agents possessing parasiticidal activity in vivo, 
but almost of equal importance is the possibility of producing compounds of 
detoxifying activity in vivo even though lacking in demonstrable parasiticidal 
activity. 

This is especially true in many of the bacterial infections not only because 
exogenous toxins are the chief pathogenic agents in some like diphtheria, 
tetanus, gangrene, scarlet fever, and erysipelas, but because bacterial products, 
both toxic and nontoxic, produced in the tissues during infection, would appear 
capable of retarding or preventing phagocytosis and preventing the activity of 
humoral antibodies. In the case of some bacterial infections these agents like 
the aggressins do not appear to be primarily toxic but are, nevertheless, patho- 
genic in this sense of retarding or preventing phagocytosis. In pneumococcus 
pneumonia for example, it would appear that the nontoxie and nonantigemc 
soluble substance “S” discovered by Avery and his coworkers has the faculty 
of neutralizing the antibodies produced by the patient and enhancing the viru- 
lence of the organisms by preventing their phagocytosis. 

At the present, time our main hope of combating the toxins and these non- 
toxie agents is by means of specific immune sera but the possibility of discov- 
ering chemical agents capable of inactivating or completely destroying them 
in vivo is of fundamental importance. 

Prom this standpoint we have been greatly interested in sodium ricinoleate, 
that is, in the possibility of this compound destroying these toxic and non- 
toxie bacterial agents in vivo and especially since the investigations of Larson 
and his colleagues , 1 Sommer and Sommer,-’ Netter, et al ., 3 Dorst and Morns 
and others, the literature being briefly summarized by Harris and Bunker, 
have indicated that sodium ricinoleate is capable of neutralizing various 
bacterial toxins, pliytotoxins and cobra venom in the test tube and possibly m 
the living animal in the ease of some of them with special reference to stiepto 
cocci and pneumococci. 

Furthermore in chemotherapeutic research there is always the possibility 
of compounds inert in the test tube undergoing transformation in the ]nm 0 

♦From the Research Institute of Cutaneous Medicine of Philadelphia. 
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animal into now tuul more active antiparasiticidiil agents. V or this reason test 
tube bactericidal activity in vitro may lx* without curative activity lit the h'- 
ing animal or. being extremely low in parasinoidal activity m the test tithe, 
undergo transformation in the blood or tissues into compounds of extremely 
high curative activity as in the ease of arsphenamine. neoarsphenamuw, and 
other trivalcnt organic arsenical compounds. For these reasons test tube 
determinations of bactericidal activity are of most value m the ease ot those 
compounds to be used in treatment by local application, wlicieas in the ease ot 
those designed for parenteral administration actual tests with experimental 
infections in living annuals are reipiiivd. For example, we think it is extiemeit 
fortunate that Ehrlich and his colleagues did not have cultures ot f r\ pauosomes 
and SpirochcUi ptiUi<lu available in l'.hli. tor they may have committed the 
error of testing tin ii* now arsenical compounds, including sultarsaii. in the 
test tube only and finding them so low in parasitieidal activity may have 
neglected their administration to infected animals and thereby missed or de- 
layed making their great discoveries. Theretore. even though we knew sodium 
rieinoleate to be of very low baett rieidal activity in the test tube, we have 
thought it worth while to administer it in the treatment of various experi- 
mental infections and especially since other investigators have reported results 
lending some encouragement to these efforts. 

Furthermore the studies of Larson and his colleagues and others have indi- 
cated the possibility of sodium rieinoleate transforming some of the bacterial 
toxins into toxoids or other compounds of greatly reduced toxicity, in the test 
tube but retaining their antigenic properties, and thereby of interest from the 
standpoint of vaccination against diphtheria, scarlet fever, erysipelas, etc. But 
this is a study in immunity rather than in chemotherapy and has not engaged 
our particular interest in these investigations, the results of which are briefly 
summarized in this communication. 


TOXICITY OP SODIUM. KICINGL.EA.TE 

The compound employed in this study® was prepared by Rider' 1 with a high 
degree of purity and its toxicity determined by intravenous, intraperitoneal, in- 
tramuscular and subtheeal administration preliminary to trial in the treatment 
of several experimental bacterial septicemias and toxinemias, trypanosomiasis 
syphilis, and poliomyelitis of the lower animals. 

(a) By Intravenous Injection . — When 2 per cent solutions were given rats 
intravenously with a gravity apparatus at the rate of 1 e.e. in two minutes as 
employed in determining the toxicity of arsphenamine and iieoarsphenamine 7 
the maximum tolerated dose permitting animals to survive ten days or longer 
was approximately 0.035 gm. per kilogram weight (Table I) while 0.050 gm 
per kilogram produced death immediately or within one or two days (minimal 
lethal dose). It is, therefore, about 4 times as toxie as alkalinized solutions of 
arsphenamine by this route of administration. When the injections were 
given more rapidly and especially with more concentrated solutions the toler 
anco was greatly reduced, showing that for this route of administration it is 
necessary to use more dilute solutions slowly injected. 

•Kln.lty furnished by the William S. Murrell Company of Cincinnati. Ohio. 
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Babbits have borne 10 daily doses of 0.010 giu. per kilogram and 0.005 gm. 
per kilogram in as many as 30 consecutive daily doses without untoward effects, 
except the production of sclerosis and thrombosis of the marginal ear veins and 
microscopic examination of the lungs, heart, liver, and kidneys have shown 
practically no histologic evidences of injury. However, the heart and lungs of 
rabbits and rats succumbing immediately after the injection of lethal doses 
have shown large emboli of hemolyzed erythrocytes, the whole histologic pic- 
ture bearing a striking resemblance to those changes described by Ivolmer and 
Lucke 8 following the intravenous injection of acid solutions of arsphenamine, 
producing intravascular hemolysis and agglutination. 


Table I 


Toxicity or Sodium Ricinoleate 


ANIMAL 

ROUTE OF ADMIN- 
ISTRATION 

SOLUTION i 

MINIMAL LETHAL 

DOSE 

PEIl KILO 

MAXIMUM 
TOLERATED DOSE 
PER KILO 

Rat 

Intraven. 

2.0% 

0.050 gm. 

Bj 

Rat 

Intramus. 

10.0% 

- 


Rat 

Tntrapcrit. 

•1.0% 

0.5 gm. 


Alice 

Intrapcrit. 

4.0% 

0.5 gm. 


Guinea pig 

Intraperit. 

4.0% 

- 

mnsm 

Guinea pig i 

Intraspinal 

0.1% 




•Rabbits have tolerated 10 daily doses of 0.010 gm. and 30 daily doses of 0.005 gm. P er 
kilogram without untoward effects. 


Table II 


Hemolytic Activity or Sodium Ricinoleate is Water-Bath at 37° C. 


WASHED ERYTHROCYTES 


WHOLE DEFI URINATED ' BLOOD 



Hi 

FINAL 

DIL. 

HEMOLYSIS 

SODIUM 

RICINOLEATE 

BLOOD 

FINAL 

DIL. 

HEMOLYSIS 

1 c.c. 1: 25 

1 c.e. 1: 50 

1 c.c. 1: 100 
1 c.c. 1: 200 
1 c.c. 1: 400 
1 c.c. 1: 800 
1 c.c. 1:1,600 
1 c.c. 1:3,200 

1 c.c. 

1 c.c. 

1 c.e. 

1 c.c. 

1 c.c. 

1 c.c. 

1 c.c. 

1 c.c. 

1: 50 

1: 100 
1: 200 
1 : 400 
1: S00 
1:1,600 
1:3,200 
1:6,400 

At once 

At once 

Few seconds 
Few seconds 

15 seconds 
About minute 
About minute 
30 minutes 

1 c.c. 1: 25 

1 c.c. 1: 50 

1 c.c. 1: 100 

1 c.c. 1: 200 
1 c.c. 1: 400 
1 c.c. 1: S00 

1 c.c. 1:1,600 
1 c.e. 1:3,200 

1 c.c. 
1 c.c. 
1 c.c. 

1 c.c. 

1 c.c. 

1 c.c. 

1 c.c. 

1 c.e. 

1: 50 

l: 100 
1: 200 
1: 400 
1: 800 
1:1,600 
1:3,200 
1:6,400 

At once 

At once 

Few seconds 
Few seconds 
About minute 
20 minutes 
Incomplete 
Incomplete 


(b) Hemolytic and Agglutinating Activity . — Indeed 1 c.c. of 1:3200 solu 
tion of sodium ricinoleate in saline solution is capable of completely liemolj z 
ing 1 c.e. of 5 per cent suspension of washed rabbit corpuscles (final dilution 
1:6400) in about thirty minutes at 37° C. (Table II). Even in the presence ot 
plasma, the hemolytic activity of the compound is quite high, since 1 c.c. o 
1 :800 dilution has produced complete hemolysis of 1 c.c. of defibrinated iab ‘ 
blood (final dilution 1 .-1600) within twenty minutes in a water-bath at 37 G. 

Curiously, however, sodium ricinoleate does not produce any maiked de 
gree of agglutination of either washed or unwashed erythrocytes in the test tu e, 
and it would appear that intravascular agglutination plays little or no P al ® 
toxicity by intravenous injection, although it may be that the emboli foun 
the heart and vessels of the lungs as well as to some extent in the kidneys ai 












KOf.MUt: sodh'm HiciNoi.K.vn; 


075 


due to thromboplastin stromas ami other debris «>f hemolysis as suggested by 
Genre'' anti responsible for the respiratory ami cardiac failure resulting in death 
following intravenous injections of lethal amounts. 

(e) By Intramuscular Injection.— V,y intramuscular injection, however, the 
hemolytic and indirect, thromboplastin effects of sodium rieinoieate are largely 
removed and eonseipiently the toxicity is greatly reduced, since rats hate with- 
stood doses larger than 1.0 gm. per kilogram of weight (Table 1). Not infra- 
queutlv, however, abscesses have resulted at the sites ot injection showing 
that the compound produces considerable inflammation with liquefaction 
necrosis by this route of administration, the pus being frequently of a brownish 


color due to local hemolysis. 

(d) By Intrapcriloncal Injection . — The same has been found true after iu- 
traperitoneal injections in rats. mice, and guinea pigs in that upon autopsy ex- 
tensive inflammatory changes of the parietal and visceral peritoneum was some- 
times observed along with light reddish-brown exudates of a soapy nature. 
Indeed rats and mice usually succumbed within twenty-four hours to doses of 
0.5 gm. per kilogram (minimal lethal dose) although single doses as high as 
0.25 to 0.3 gm. per kilogram (Table I) were borne indefinitely (maximum toler- 
ated dose). With guinea pigs, however, the maximum tolerated dose was some- 
what less being about 0.1G gm. per kilogram which corresponds quite closely to 
the dose of 0.12 to 0.27 gm. per kilo observed by Genre.' 

(e) By Intracistcrnal Injection . — Since we proposed using sodium ricino- 
leate in the treatment of tetanus of guinea pigs by intraspinal injection it was 
necessary to determine its toxicity by this route of administration, and in 
guinea pigs it was found that the maximum tolerated dose by intracisternal 
injection was approximately 0.004 gm. per kilo or about one-tenth of the 
maximum tolerated dose by intravenous injection (Table I). 


THE EFFECT OF SODICil RtClXOLEATE UPON' DIPHTHERIA TOXIN' 

Along with a large number of other compounds 0 sodium rieinoieate is capable 
of inactivating diphtheria toxin in the test tube. As shown in Table III as an 
example of the results of several experiments, an amount as small as 0.0075 
gm. dissolved in 1 c.c. of saline solution and added to 6 II. L. D. of diphtheria 
toxin in 1 c.c. is capable of completely inactivating the latter during an ex- 
posure of one hour at room temperature as determined by the subcutaneous in- 
jection of the 2 e.e. mixtures into young guinea pigs (8 to 10 ounces). When, 
however, an L- dose of toxin is employed, amounts of sodium rieinoieate rang- 
ing from 0.003 to 0.030 gm. are unable to completely detoxify this large amount 
of toxin in the test tube. 

Whether or not the detoxified mixtures are capable of engenderin'- im- 
munity, that is, of retaining antigenic activity, has not been definitely deter- 
mined. In one experiment we partially detoxified 5 L;- doses with 0.1 «tn 0 f 
sodium rieinoieate dissolved in 50 c.c. of saline and allowed to stand-in an 
incubator for one hour and kept in a refrigerator. Twelve guinea nri s were 
subsequently given 1 c.c. subcutaneously every five days. Of these 8 dic'd after 
o to 8 injections due to incomplete detoxification of the toxin. Four survived 
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and three weeks after the 

3 M. L. D/s of toxin sufficient for nrafl ^ S l Ven f subcutaneous injection of 
the third day after injection • the innn mtoxieatioa of 4 controls on 

eight days, so that it would’ near ,, ^7 succumbed in from six to 
gendered and suggesting tint sodin - ^ ,mmunit 3 r bad been en- 
of diphtheria toxin in vitro nCm0le,,te Antigen*, a portion 

Table III 

*»» Jta Brm Dmmau Tojus IS 



— survived ; 


E> — died. 


the question of whether “° le lnterest frora the standpoint of chemotherapy is 
tlieria toxin in the livim <niinea° C ' Um ricinoIeate is ca P aWe of destroying dipli- 

of toxin subcutaneously ^nc^s 1 ' glven . subcutaneous injections of 6 M.L.D.’s 
four hours later in rln ° C llUn riclnoIeate injected intravenously twenty- 

experimeiTts^lie ^ 0 ' 030 *"■ P« ^ 

ing from 0.1 to 0.5 o- m npi . * " lven intramuscularly m doses rang- 
jection of the toxin ° * ° glam ' immediately after the subcutaneous in- 

As shown in Table TV a 

hours after the injection of tovi “ ntre ® ted coutl ' ols succumbed in forty-eight 

selected in order to leave no cin) ^ ^ ^ rather Iarge but piu ' posely 

sodium ricinoIeate in the doses admiri ^ ^ nnfortimateIy the 

in comlmt, ‘no- t], P t f admuustered was unsuccessful in every instance 

lives of ‘the Ininmlsr mmt t°^ , d t ayl ,ai '" er ^ pr0l ° nged ^ 

leate ii/dnse^, embla “ n ° tbe intraperitoneal injection of sodium rieino- 

leate m doses from 0.010 to 0.050 gm. per kilogram four hours after 


SOlHl'M KUiNDi.K.vrr. 
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T.Ull.E IV 


The Kkekct o>* Smuni Hutnoi.katk ITon inrirrmiUA Toxin in \ tvo 


DUnmtKRU TOXIN' 

(l c.c.) 

SODU* M lUCISm.RATE 

_! 

i 

j~i 

UK.sn.TS IN DAYS 

DOSK VV.U t 
KILO ( 

admin 1 st u.vrb'N 


•t i 

1 

1 

0 

(3 M.L.D. 

0.003 | 

Intravenously** 

- J 

> U 1 

i 




0 M.L.D. 

0.000 

Intravenously** 

- 

: l> 

i 




f, M.L.D. 

0.007.') j 

Intravenously* ’ 

‘ - 

! D 

| 




0 M.L.D. 

0.0 It) I 

; Intravenously** 

, 

! ,7 ! 

» i 




0 M.L.D. 

o.oi r> ' 

1 Intravenously* * 

- 

: !> i 

! 

.. ! 



6 M.L.D. 

0.030 

j Intravenously* * 

- 

1 - l 

— 

I) j 



0 M.L.D. 

0.1 

; Intramuscularly! 

- 

1 i> • 

1 


1 


6 M.L.D. 

o.i r> 

j Intramuscularly! 

i — 

i) 


l 


0 M.L.D. 

l).*J 

Intramuscularly! 

- 

L> , 

J 

i 


6 M. L. D. 

I 0.3 

> Intramusc ularly t 

1 ” 

- 

D ' 

| 


6 M.L.D. 

1 o.-t 

, Intramuscularly t 

1 - 

1 11 i 

1 

\ 


6 M.L.D. 

i 0.5 

: Intramuscularly* 

- 

. ( 

I) j 


1 


3 M.L.D. 

\ 0.010 

! IntraperitoaeaU 

» “ 

! - ! 

1 

D 



3 M.L.D. 

0.0x*o 

j Intrapcritoncal} 


1 — 


- 



3 M.L.D. 

0.010 

i IntrapcritoneaU 


J - 

- 

D 



3 M.L.D. 

O.O.'iO 

Intraiieritoneal} 


; “ J 

- 1 

D 



Control (6 M.L.D.) 

0 

! 0 


! D J 





Control (0 M.L.D.) 

0 

i o 

; - 

j £ 1 





Control (6 M.L.D.) 

0 

0 

j - 

1 l J i 


! 



Control (6 M.L.D.) 

0 

1 0 

i - 

! r) i 





Control (3 M.L.D.) 

0 

1 « 

! - 

i - i 

~ 

D 



Control (3 M.L.D.) 

0 

i «) 

- 

i - i 


D 



Control (3 M.L.D.) 

0 

! 0 

; - 

• _ | 


D 




•By subcutaneous injection, 
tlmmediately after injection of toxin. 

••Twenty -four hours after injection of toxin, 
t - = survived ; D = died. 

‘Given four hours after subcutaneous injection of toxin and repeated daily for 3 more 

doses. 


the subcutaneous injection of 3 M.L.D. ’s of toxin anti repeated daily for 3 
additional doses gave similar negative results, and as the experiments were 
repeated several times, it would appear that the compound is incapable of ap- 
preciably detoxifying diphtheria toxin in the living animal. 

THE EFFECT OF SODIUM KICIXOLEATE UPON TETANUS TOXIN 

Similar results were observed with tetanus toxin except to state that in 
the test tube, sodium ricinoleate appears capable of detoxifying this toxin to a 
somewhat greater degree than diphtheria toxin. 

For example an L- dose of tetanus toxin in 1 c.c. of saline solution is appar- 
ently completely detoxified by 0.006 gm. of sodium ricinoleate dissolved in 1 c.c. 
of saline solution in an hour at room temperature as determined by injecting 
the mixtures subcutaneously into young guinea pigs (Table V). 

Even a dose as small as 0.003 gm. detoxified this amount of toxin suffi- 
ciently to permit the animals to survive several days after the death of controls 
injected with the toxin alone. 

Unfortunately, however, this inactivated toxin does not appear to possess 
antigenic value if one may judge from the results of a single experiment in 
which 5 Ur doses of toxin were added to 0.1 gm. of sodium ricinoleate dis- 
solved m oO c.c. of saline and incubated for an hour at 37° C. followed bv 
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Table V 


tetanus 

TOXIN 
(1 C.C.) 

. 1 SODIUM 
RICINO- 

leate 

(cm) 

1 Is + (lose 

‘ 0.003 

1 L + dose 

0.003 

1 L + dose 

0.000 

1 L + dose 

O.OOG 

1 L + dose 

0.0075 

1 L + dose 

0.0075 

1 L + dose 

0.01 

1 L + dose 

[ 0.01 

1 L + dose 

0.015 

1 L + dose 

0.015 

1 L + dose 

0.030 

I L + dose 

0.030 

Control 

0 

Control 

0 

Control 

0 

Control 

0 


in Vitro 


results in- days 


10 


12 


L + dose^/toxin ° f o^e-hundred-fiftietli of an 

of the imnninized ^n?a, f rT ^ ^ ° f 4 COQtrols 011 the third day. Ah 
some immunity had been 1 °™ fi ' e t0 eIeven da J’ s > indicating that 

rieinoleate tends to de anti-eni'-' ’ b - Ut Ilkewise » suggesting that sodium 
tme of diphtheria toxin pr^on^K^ 0 ' ^ ^ ^ ^ 

tetanus toxin to somTShdit exte ™ m ° Ieate is capable of detoxifying 

. . ° ht ext ent m the living animal. 

intoxication " lUl °“ e L * l ' ose ° f tolia d “' d of te, *"“ s 

rieinoleate was ? *' g '“ ho "‘' s ’ "'"“eas wUm 0.5 gm. of sodium 

- sr’c “ ,ter ,he *"* ” ** 

o r o " e -' ram,mi,i ‘ rf *- 

of sodium rieinoleate in doses of 0 7 '“‘‘amuseular injection 

injection of toxin, prolonged the lives of lm ”" idu,,eI >’ ai:le ‘' " Ie 

T , . ° e lues ot some animals by one or two days. 

after fteTilT Tf””, « 0 003 *» «*» «m. per Ho MM. hoars 
tme of infra ° f A" ’ atl ”° “PPreciable effect and the some was generally 
Svl so he P ’ m ' ,eCt, °" S ' 1,1 the experiments guinea pigs were 

gn en subcutaneous rnjeetrons of oncone-hm.dredth of the L + dose of toxin suffi- 
“ ‘ etamis intoxication in from three to four days. Four 
a ei le injection of toxin sodium rieinoleate was given intraperitonealiy 
m doses varying from 0.010 to 0.040 gm. per kilo and repeated daily for 4 addi- 
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tional doses. All ol the animals, however, developed tetanus and died in from 
four to six days, living, therefore, hut a few days beyond the controls (Table VI). 

Additional guinea pigs were given subcutaneous injections ot one-unedmn- 
dredth of the I.- dose of toxin and four days later when symptoms ot tetanus 
first appeared were given 0.00:1 gm. of sodium rieinoleate intraspinaiiy. This 
dose was repeated daily for 2 additional doses but all of the animals died in 
five or six days while tin* untreated emit mis sueeumhed in three or tom da\s 
(Table VI). 

Table VI 


Tub Eitht <o- sodium Hhtn<u.katk t'i'o.s Tetanu s Toxin in Vivo 


{ somr 

TETANUS TOXIN* — 

C - C ’) K.U. 

M ItlriNOLKATK 

AlUll SITUATION 

1 

UK.** 

"o 

il'LTS IN DAYS 

3 

4 

“> 1 

a 

I L + dose 

0.1 Intramuscular** 


JJ . 



i 

1 L t dose 

O.l Intramuscular* * 

- 

D 1 




1 L + dose 

0.21 Intramuscular** 


D 




1 L + dose 

0.2.1 i Intramuscular** 


D 



1 

XL- dose 

0.1 Intramuscular** 

~ 

- 

V 




1 L 4- dose 

0.1 ' Intramuscular** , 

- 

- 

; 

d : 



1/100 of L -f dose 

0.003 . Intravenously t i 

- 

- ' 

- 

D i 



1/100 of L t dose i 

0.000 | Intravenously) j 

- 

- 

- 

I) 



1/100 of L 4- dose | 

0.071 

Intravenously 1 

J 

- t 

- ! 

- 

D 


1/100 of L 4- dose 

0.010 

Intravenously t 

- 1 

- 


D 



1/100 of L 4- dose 

0.015 

Iutravenouslvt 

- : 

- 


D 



1/100 of L 4 - dose 

0.030 

Intravenously! 



i> i 




1/100 of L 4 dose 

0.010 

Intraperitcmeally 

i 

j 


D 



1/100 of L 4- dose 

0.011 

Tntraperitoneally 



- i 

D 



1/1 Oo of L -f dose . 

0.020 

rntraperitoueallv 

- 

— s 

_ i 

- 

D 


1/100 of L t dose I 

0.030 

rntraperitoneallv 

- 

— I 

- . 

- 

U 


1/100 of L + dose 1 

0.040 

tut rape ritoncally 

- 

_ 1 

- 

- 

— 

D 

1/100 of L -r dose ! 

0.1 

Intramuscularly 

- 

— 

~ 

— 



1/100 of 1 4 dose 

0.2 

Intramuscularly 

- 

— 





1/100 of i, -f dose 

0.3 

Intramuscularly 

- 

— 





1/100 of .L -f dose 

0.4 

Intramuscularly 

- 

- 


D 



1/100 of L 4 dose 

0.5 

Intramuscularly 

_ 

— 




t) 

1/100 of Ij -f dose 

0.003 

Intraspinallv 

- 1 

__ 

D 




1/100 of ij -f dose 

0.003 

Intraspinaiiy 

- 

- 

- 


V 


1/100 of L 4 - dose 

0.003 

Intraspinaiiy 

- 

- 

- 

_ 


D 

1/100 of li 4 . dose 
Control (1L+) 

0.003 

0 

Intraspinaiiy 

0 

- 

D 


- 

- 

D 

Control (Hi) 

0 

0 

__ 

D 





Control (1/100 L +) 

0 

0 



I) 




Control (1/100 L+) 

0 

0 







Control (1/100 L 4 - ) 

0 

0 



X) 




Control (1/100 L +1 

0 

0 

— 

_ 

D 


1 



♦By subcutaneous injection. ♦♦Immediately after Injection of toxim 
i Twenty-four hours after injection of toxin. % -= survived; D — died. 


These experiments repeated several times have shown, therefore that 
sodium rieinoleate may have a slight degree of detoxifying activity for tetanus 
toxin m vivo; the doses of toxin were relatively large in order to produce 
eath from tetanus of all of the controls which may have masked more evi- 
dence of detoxification in these experiments. 

THE BACTERICIDAL ACTIVITY OP SODIUM RICIXOLEATE 

Sodium rieinoleate lias a low bactericidal activity in the test tube 
When tested according to the Reddish method against Staphylococcus vuo 
jencs aureus, it was found that whereas a 20 per cent solution was completely 
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bactericidal for this organism in an exposure of five minutes, yet 10 and 5 per 
cent solutions were not completely bactericidal in exposures as long as' one 
hour. These results correspond closely to those of Gerwe a who also found 
the phenol coefficient for B. typhosus very low. 

By the bacteriostatic method of Kolmer, 10 however, we have found that 
1:4,000 concentrations of sodium ricinoleate inhibited the growth of Staphylo- 
coccus aureus in broth medium while 1 -.600 dilutions were bactericidal. With 
Streptococcus hemolyticus dilutions of 1 :60,000 were bacteriostatic and 1:40,000 
bactericidal; with Pneumococcus (Type I) dilutions up to 1:80,000 were bac- 
teriostatic and 1 -.60,000 bactericidal. 


SODIUM RICINOLEATE IN THE TREATMENT OF VARIOUS EXPERIMENTAL 

INFECTIONS 


In Streptococcus Cellulitis and Peritonitis of Mice . — White mice were given 
intraperitoneal injections of 0.6 c.c. of twenty-four-hour broth cultures of 
Streptococcus hemolyticus and four hours later intraperitoneal injections of 
sodium ricinoleate in doses varying from 0.050 to 0.250 gm. per kilogram of 
weight. 

The culture was of such virulence that the 8 untreated controls died of 
the resulting peritonitis and septicemia in about forty-eight hours, all animals 
showing positive heart blood cultures at necropsy. 

All of 20 mice receiving the compound died, however, in the same period 
of time so that single doses of sodium ricinoleate of the amounts employed 
■were without appreciable effect. All of these mice, likewise, showed positive 
heart blood cultures. 

Fourteen additional mice were infected with the same dose of culture hi 
injection under the skin of the thorax. Four untreated controls died in from 
three to five days of the resulting cellulitis and with positive heart blood cul- 
tures obtained at autopsy. 

Ten mice were given intraperitoneal injections of single doses of sodium 
ricinoleate, likewise varying from 0.050 to 0.250 gm. per kilogram of weight, 
but all of these also perished in about the same period of time as the uu 
treated controls from the local abscesses associated with the septicemia (P osl 


tive heart blood cultures). 

From these experiments it appeared that sodium ricinoleate by intrapen 
toneal injection was without appreciable curative effects in streptococcus ee u 
litis and peritonitis of mice. It is true, however, that the infections weie \ei} 
severe but unfortunately this is a difficulty in the chemotherapy of experiineu a 
streptococcus infections of mice in that smaller doses of the organism P elinl 
some untreated controls to live indefinitely and therefore making it difiicu t 0 
evaluate the results of treatment. Oil the other hand the rapidly fatal expeii^ 
mental infections have no parallel in streptococcus infections of the 1U11 ^ 
being and may readily enough mask some degree of curative activity on 
part of the compound under study. 

In Pneumococcus Peritonitis and Septicemia of Mice . — Similar negatne^ 
suits were observed in the treatment of mice infected with a highly wiu e 
culture of Type I pneumoeoeeus. 



KOI.Ml'.U: 


SOMl'M UU'lNOl.KATi: 


five heart bloou euiuwes /■ - .. , „,.rit<>ncnllv 

the same time were given single doses «t -ilium «• ‘ ; 

four hours later in closes varying from 0.006 to 0.0*0 gm. P- ^ ^ ^ 

All of these, likewise, succumbed in about the same tune as h J U . J t 
trols. so that in this single experiment there was no _evuh ec ot cut. te a 
tivitv on the part of the compound ad.mmstered by int.apei.Unual nation. 

In Tuberculosis of Guinea Piys.-X series of 24 guinea 1^ 

280 to 400 gin. were given subcutaneous injections m the mn_ i ” 
inguinal glands of 0.005 gm. of human tubercle bacilli, houi 
trols died of the resulting infection in from twelve to e.ghteen days. 

One week after infection 20 of the animals were given intraperitoneal in- 
jections of sodium rieinoleate in doses varying from 0.040 to 0.100 gm. pei 
kilo of weight and the injections repeated every three days, i wo ot the animals 
receiving the 0.100 gm. close died after three injections trout the toxicity of the 
drug and before tuberculous lesions had well developed. 1-rom > to 8 injec- 
tions of sodium rieinoleate were given the 18 remaining animals, but all died 


than the untreated controls and suggesting that their resistance to tuberculous 

infection had been reduced by the compound. 

In Syphilis of Rabbits.— Eight rabbits were given intratesticular inocula- 
tions with our Xicliols-IIough strain of Spirocheta pallida. One month later 
two untreated controls developed acute bilateral orchitis with numerous spiio- 
chetes in dark-field examinations. 

One week after testicular inoculation 6 of the rabbits were given 0.003 gm. 
of sodium rieinoleate per kilogram of weight hv intravenous injection, and 
the dose was repeated daily for a total of 8 injections. 

AH of these animals likewise developed acute testicular syphilis with posi- 
tive dark-field examinations in about a month, so that the compound was 
without any demonstrable curative effects in this single experiment. 

la Trypanosomiasis of Rats.— White rats weighing from 110 to 300 gm. 
were given intraperitoneal injections of approximately 500,000 Tryp. equiper- 
dum. Four untreated controls died of the resulting infection in from three to 
four days and showed enormous numbers of the trypanosomes in the tail blood. 

Twenty-four hours after infection and before parasites appeared in the 
peripheral blood, 20 of the rats were given single intravenous injections of 
sodium rieinoleate in doses varying from 0.005 to 0.025 gm. per kilogram of 
weight. All of these likewise succumbed to trypanosomiasis in from three to 
four days and showed enormous numbers of parasites in the peripheral blood, 
so that the compound was without appreciable trypanocidal activity in this 
single experiment. 

In Acute Poliomyelitis of Monkeys. — Three monkeys were inoculated intra- 
cerebrallv with an emulsion of monkey poliomyelitic spinal cord kindly fui-- 
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nished bj' the Rockefeller Institute. The first clinical evidences of polio- 
myelitis was apparent in from seven to nine days, and an untreated control 
died of paralyis twenty-one days after inoculation. 

The two remaining animals were given sodium ricinoleute in dose of 

0.005 gm. per kilogram on the seventh day after inoculation when signs of 
infection were first apparent and the dose repeated daily for a total of five 
injections. Both animals died in from eighteen to twenty-two days from 
progressive paralysis, so that sodium ricinoleate was without demonstrable 
curative effects in these two animals, a more complete description of the experi- 
ment being given in a separate communication. 11 


SUMMARY 

1. Sodium ricinoleate (soricin) is compound of particular interest from 
the chemotherapeutic standpoint because of the possibility of inactivating 
toxins and other bacterial agents in the blood. 

2. Its toxicity has been determined by intravenous, intraperitoneal, intra- 
muscular and subtheeal injection in the lower animals. 

3. It is bighty hemolytic and upon intravenous injection may produce 
intravascular hemolysis with embolism. The maximum tolerated dose by this 
route of administration has been found to be approximately 0.035 gm. per kilo- 

4. By intramuscular injection it may produce local irritation with lique- 
faction necrosis when large amounts are injected. However it is well borne 
systematically by this route of administration as the maximum tolerated dose 
has been found to be more than 1 gm. per kilo. 

5. It may also produce some irritation upon intraperitoneal injection but 
is well borne by this route, since the maximum tolerated dose is as high as 
0.16 to 0.3 gm. per kilo. 

6. By intracisternal injection the maximum tolerated dose has been found 
to be approximately 0.004 gm. per kilo. 

7. Sodium ricinoleate is capable of inactivating or destroying diphthena 
and tetanus toxins in the test tube and is especially destructive for the lattei, 
although it would appear that the resulting toxoids are of low antigenic activity 

8. Sodium ricinoleate is but feebly antitoxic for the toxins of diphtheria 
and tetanus bacilli in guinea pigs by various routes of administration. 

9. Sodium ricinoleate is of very low bactericidal activity in the test tube 
and has been found without demonstrable curative activity in severe stiep 
tococcal, pneumococcal, and tuberculous infectious of the lower animals as 
well as in experimental trypanosomiasis of rats, syphilis of rabbits, and ac 
anterior poliomyelitis of monkeys. 


REFERENCES 

1. Larson, W. P., and Eder, H. : Immunization Against Diphtheria With Toxin Detoxifie 
With Sodium Ricinoleate, J. A. M. A. 86: 90S, 1926. . , . TIpon 

Larson, W. P., Evans, R. D., and Nelson, E.: The Effect of Sodium Ricinoleate m 
Bacterial Toxins, and the Value of Soap-Toxin Mixtures as Antigens, Proc. a • r 
Biol. & Med. 22: 194, 1925. 



POl.oWK : 


Sfr.rtl'IC (SUAVITY OF BLOOD is BANGER 


2. Sommer, E. \\\ ami Sommer, 11.: h.llmmee of Xitro K .m;,UH «i»«I Lipoid C<m. pounds on 

the Potency o i ftotuVums Toxin, -P Intvot. Dw. l.u», U( 8. 

3. Setter, A., Andre. K., iVnari. ami O.tmii: Action ,lu ltienmleate «l« So, hum sur lea 

Baeteries et les Toxiius, Omqit. remi. Soe. tie Biol. 9G: 1M, 

4. Borst, S. E., and Morris, 1!. S.: Baeterial llyjier.-,eiis»tivitv ot tlm lntcstm.il l r. let. Its 

Treatment With Autogenous Vaeeine and Sodium Biemoleate, Am. .1. M. »«.. 1«U. 

050, 1030. . , . 

5. Harris, B. S., and Bunker, .1. W. M.: Baeterial Detoxification, l'roe. Am. Aead. Arts & 

Se. G7t 117, 1032. . . . r _ . 

0. llider, T. II.: Detoxification With Sjieeial Befereitco to Sodium Biemoleate, BAH. « 

Cms. Med. IS: 15, 1032. . , , ... 

7. Kolmer, .T. A.: Brineiples and Practice of (’liemotlierapy \\ ltli Special ltefereneo to the 
Treatment of Svpliilis, Philadelphia, 1920, W. B. Saunders Co., p. 10. 

S. Kolmer, J. A., and Lueke, B.: A Study of the Histologic Changes Produced Experi- 
mentally in Babbits by Arsplicnamin, Areh. Dcrmat. it Svpli. 3: -IS.’!, 1921. 

0. Gerwe, E. G’.t Personal Communication. 

10. Kolmer, ,T. A.: Principles and Practice of Chemotherapy With Special Beterenco to the 
Treatment of Sv\ihilis, Philadelphia, 1020, \\. B. Saunders to., p. 09. 

H. Kolmer, J. A., and Buie, A. M.: The Chemotherapy of Experimental Poliomyelitis of 
Monkeys, J. Chemotliernp. 10: I. - !, 1933. 


THE SPECIFIC GRAVITY OF THE BLOOD IN II LAI AN CANCER® 
Four Hundred Observations, with a Note on its Clinical Significance 
David Polo we, H.D., Paterson, N. J. 

N ORMAL Values . — The normal specific gravity of the whole blood has been 
fairly consistently found to he about 1.055 for males and 1.053 for females 
(Jones, 1 Schmaltz, 2 Lyonnet 2 Leake, Kohl, and Stcbbins, 4 Polowe 5 ). A diurnal 
variation was noted by Jones, Leake et ah, and Polowe, the specific gravity of 
the whole blood being about 0.002 higher in the morning than in the afternoon. 
For the purposes of this study specific gravity values below 1.050 were con- 
sidered as representing a state of anemia, while values above 1.060 were con- 
sidered as representing a higher than normal density of the whole blood. 

Literature . — No large series of observations on the specific gravity of the 
whole blood in human cancer has been made in recent years. Lloyd Jones, in 
1887, reported a series of 15 cases. His lowest blood density was 1.031 obtained 
in a case of carcinoma of the uterus. But even in this small series he called at- 
tention to the fact that normal specific gravity values may be found in advanced 
cases of cancer. Schmaltz, in 1801, reported one ease of carcinoma of the 
stomach in which a specific gravity of the blood of 1.039 was found. Polowe, 13 
m 1929, reported his findings in 23 eases of proved carcinoma. He stated at 
that time that, “the more severe anemias occurred in carcinoma of hidden or 
not readily accessible areas (gastrointestinal tract, peritoneum, pancreas, urinary 
bladder). Carcinoma of other parts of the body did not seem to alter the normal 
blood density, even though most of the cases were quite advanced.” 

♦Received for publication, September 20, 1033. 

AinerilanMedlcaV jS^SSttoSf* b> ' a Srant n '° m Ule Commlttec »n Scientific Research of the 
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The Clinical Significance of Ihe Specific Gravity of the Blood in Human 
Cancer. — (a) Any discussion of the specific gravity of the blood presupposes the 
idea that a change in the quality of the blood is at once manifested by a change 
in its specific gravity. Such a change may be brought about by an alteration in 
the number of erythrocytes, leucocytes, platelets; by alteration of the hemoglobin 
content, fibrinogen content, ash content; by alteration of the lipoid values; and 
by shifting water balances. In anemia associated with cancer® (as in the anemia 
associated with other clinical entities) no one factor alone may be incriminated 
as the sole agent which so materially affects the weight of the blood. 

Lucas, I * * * * * 7 in a very recent publication on the diagnosis and treatment of the 
anemias of cancer, states that if one searches diligently enough the cause of such 
anemias can usually be found and treated. He states further: “Anemia ob- 
viously may result from an increased destruction or loss of blood, from a de- 
crcased blood formation, or combination of these two. Decreased blood forma- 
tion frequently is preceded by a chronic blood loss or destruction. Chronic and 
acute hemorrhage is usually not difficult to find so that we are chiefly concerned 
with decreased blood formation due to nutritional deficiency or to the inability 
of the patient to assimilate food properly.” Lucas mentions the following 
knoAvn values to aid in determining the hematopoietic needs of the patient: 

1. Tied blood eell count 

'J. Tlie percentage hemoglobin 

•'!. The mean corpuscular volume 

4. The color index 

5. The fiee HCl of the gastric contents 
(i. The saturation index 


I have quoted Lucas rather fully because I feel that for the average practitioner 

the specific gracity of the whole blood offers a rapid orientation of the status 
of the blood at any given moment and includes at least three (1, 2, and 3 
above) of the needed values, and possibly five (the saturation index and, m 
eases of secondary' anemia, the color index). Interpolations of specific gravity 

values into the above values may be made roughly by experience with the method 

or quite accurately by the use of Guthrie’s comparison chart. 8 One should not 
forget the use of one’s clinical judgment in evaluating any of these findings, 

including the specific gravity of the blood. 

Factors that tend to increase the blood density should also be kept in mind 
when evaluating the blood status in any given case. An absolute increase m 
blood density may be brought about by an increase in the production of an} ol 

its various constituents. Examples of this may be found in polycythemia 'Cia 

wherein the erythrocytes are markedly increased in number, though one shou i 
note that in this condition the percentage hemoglobin is relatively low > 
hyperparathyroidism the increased calcium content of the blood increases 
blood density. A relative increase in blood density may be brought about P 
dehydration due either to lack of fluid intake, lack of fluid intake plus anuna 
(Popel’s 0 work on dogs), or to loss of fluids b.y excessive diaphoresis, emesis, 


associated 


•The term "anemia of cancer" should perhaps be avoided. The term “fiJlfPf f, AVith can 
cancer” is suggested to emphasize the clinical fact that the anemia assoc 


with cancer" is suggested -------- 

cer is almost never due to the cancer process itself. 



l’oi.owi:: M'i;nnc guavity nv ui.u«>i» in <*.vx<i:h 

diarrhea, or combinations of these. A relative increase in blood density may also 
he brought about hv venestasis (t'opeman s'" worlc on rabbits) due to cardio- 
respiratory diseases or due to actual mechanical obstruction of the venous re- 
turn by masses in the axilla, neck, thorax, and abdomen as may sometimes he 
seen in advanced cases of neoplastic disease. -In tin* clinical evaluation ol the 
blood status of the dehydrated carcinomatous patient 1 have found that the rela- 
tively high hemoglobin percentages found are otten belied by low .specific gravity 
values of the whole blood, the latter values being more in keeping with the clin- 
ical appearance of the patient. Examples of this may be found in cases of ob- 
structive lesions of the stomach wherein vomiting (with due respect paid to 
starvation effects) causes not only a loss of water hut of minerals, such as 
chlorides, as well. This produces a mineral imbalance between the blood stream 
and the tissue fluids which is more truly, though not ideally, reflected by the 
specific gravity of the whole blood than by the estimation of the now con- 
centrated erythrocyte and hemoglobin values. An emotional anhydremia in 
needle-shy patients has been reported by Barbour and Hamilton." 

(b) The following is a study of the blood status associated with human 
cancer in terms of the specific gravity of the whole blood. The falling drop 
technic of Barbour and Hamilton 13 was used. The blood was obtained from tin* 
capillary bed at the finger tip. In lesions of the breast, axillae, and upper ex- 
tremities, where only one side was involved, the finger on t lie sound side was 
selected to obviate as much as possible the venestatic effect of mechanical pres- 
sure. 

Single observations were made on 400 eases of proved cancer (Table I) 
and, as a control on 50 eases of proved benign neoplasms and noneaneerous 
lesions (Table II). Table III represents a further control group of 50 eases, 
m summary form, of average run. nonneoplastic conditions as found in a gen- 
eral hospital, the details of which were published elsewhere/'* n Tables IV, V, 


Tabi.e I 


The Specific* Gravity of the Whole Blood 
( Composite Summary of Findings in 400 Cases of ITcmas Cancer) 


CLINIC 

NO. OBS. 

SP. GR. 

PER CENT 

sr. gr. 1.000 

PER CENT 



BELOW 1.050 

ANEMIC 

AND OVER 


" — . 




HIGH SP. GB. 

A. Breast 

100 

3 

o 

13 

13 

22 

B. Epitheliomas 

23 

1 

4 

C. Sarcomas, neur. 

50 

6 

1° 


D. Rectal 

E. Gynecologic 

100 

.10 

20 

S 

20 

If, 

1 

3 

IS 

1 

E. Oral 

20 

z 

12 

6 

O. Gastric 

20 

12 

00 

0 

0 

0 

-i 

H. Sarcomas, osteo. 

11 


on 

0 

I. Ur o logic 

10 

s 

10 

0 

o 

Corrected 

400 

64 

16 


s 

7 

900 

197 

22 

04 


and VI respectively, represent the severe, the moderately severe, and the mild 
eases ot the anemias associated with cancer as found in this study The inter 
Point, ons of the specific gravity values, as shown in Tables IV, ^ anl vL ^o 
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hemoglobin content, red blood cell counts, and sediment volume percentage were 
made from the comparison chart of Guthrie . 8 Notes (summarized in Table VII) 
were made as to the grades of malignancy and as to the pathologists’ estimate 


Table II 


, '- 1ue Specific Gravity of tiie Whole Blood 
(Composite Summary of Bindings in 50 Cases of Xoxcanckkous Lesions) 


CLINIC 

NO. O BS. 

SP. GK. 

BELOW 1.050 1 

PE II CENT 
ANEMIC 

SP. GK. 1.0(50 
AND OVER 

PER CENT 

WITH 

HIGH SP, GR. 

B. Epitheliomas 

13 

1 

s 

0 

0 

E. Gynecologic 

IS 

»> i 

n 

1 


G. Gastric 

14 

4 

30 

0 

0 

H. Bone 

o 

0 

0 

l 

50 

I. Urologic 

*■> 

.» 

• > 

100 

0 

0 


50 

10 

20 

wmmm 

4 

Corrected 

500 

149 

30 

111 ■, § 1 

11 


Table III 


The Specific Gravity of the Whole Blood* 

(Findings in 50 Miscellaneous Cases as Found in a General Hospital) 


» 

WARDS 

j NO. OBS. 

SP. GR. 

BELOW 1.050 

PER CENT , 
ANEMIC | 

SP. GR. 1.000, 

and orat 

PER CENT 

WITH 

HIGH SP. GR- 

Various 

50 

Cl 

52 1 

It 1 

o 


‘From tho Barnert .Memorial Hospital, Paterson, X. J. 5 - 0 
tDIagnosis: Bronchial asthma. 


Table IV 

The Severe Anemias of Human Cancer: Si*. Gr. 1.030 to 1.030. Hemoglobin Less Than 
39 Per Cent; Bed Blood Count Less Than 2,000,000 Cells; 

Sediment Volume Less Than 19 Per Cent 


CLINIC 

AGE 

SEN 

DIAGNOSIS 

GRADE 

K.R. 

R.S. SP. GR. BLOOD 

G-12 

52 

M 

Ca. Stomach, perforated 



1.031 




0 days later 




G- 2 

57 

M 

Ca. Stomach 



1.034 

G- 6 

39 

M 

Ca. Cardia of Stomach 



1.036 

G-14 

OD 

F 

Ca. Stomach 



1.03S 


Table V 

The Moderately Severe Anemias of Cancer: Sp. Gk. 1.040 to 1.044. Hemoglobin 40 
Per Cent to 59 Per Cent; K.B.C. Two’ to Three Million Cells. 

Sediment XBjlume 20 Per Cent to 29 Per Cent 


CLINIC 

AGE 

SEX 

DIAGNOSIS 

GRADE 

R..R. 

R.S. SP. GR. BLOOB 

D-09 

75 

F 

Adenoca. Bectum 

in 

Yes 

1.040 

E-49 

47 

F 

Primary Advanced 







Ca. Cervix 



1.040 

H-lo 

59 

F 

Neurogenic Myxosare. of back 

XI 

Yes 

1. 041 

E-23 

20 

F 

Eeetovaginal Ca. (extensive) 

iii 


1.041 

C- 2 

53 

F 

Lipo-sarc. rt. deltoid. 



1.041 

E-41 

48 

F 

Sqam. ca. CervLx 

ii 

Yes 

1.042 

E-37 

43 

F 

Ca. Cervix 



1.043 

E-23 

5G 

F 

Ca. Cervix Bccurrent 







postoperative 



1.044 

E-31 

45 

F 

Ca. Cervix 



1.044 

D- 9 

67 

F 

Adenoca. Bectum 

i 

Yes 

1.044 

D-5G 

32 

F 

Adenoma malignum. Beet. 

IX 


1.044 
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1)87 


Taw.u VI 


The Mild anemias or Human (.'ANUF.tt: He. On. 1.0 to to l.uii*. 

79 Per Cent; H.B.C. Three to Four Mh.mos Cei.i.s; 

.10 Per Cent to 7i‘-> Per Cent 


Hemooi.ohis 00 Per Cent to 
Sediment Voi.umk 


CLINIC 

AGE 

SKX 

DIAGNOSIS 

lillADK ILK. 

J’.S. SI'. (Hi. ItDJOD 

G-ll 

00 

M 

/Ca., Pancreas (Diabetic) ‘ 

J Cholecyst ogastrostomv 3 mo. 

1 

( 

l.(U3 

I- 3 

21 

M 

(. prior 

Teratoma Testis: 


1.013 

I- 5 

38 

M 

Embryonal Ca. 

Pap. Ep. Ca. Bladder 

f Yes 

1.013 

D-36 

43 

M 

Aden. Malig. Rectal 

II Yes 

1.013 

A-27 

02 

F 

Ca. Breast, Postop. 


1.010 

E-3S 

02 

F 

Pap. Ep. Ca. Cervix 

11 

Yes 1.010 

D-31 

3S 

F 

Gelatinous Aden. Ca. 

11 1 A IV Yes 

1.010 

D-37 

32 

M 

Malig. Polyp, or Pap. Ep. Ca. 

111 

1.040 

F- 2 

74 

M 

Ca. Mucosa Cheek 


1.010 

F- 5 

13 

M 

Anaplastic Ca. Xasophar. 

rn 

Yes 1.010 

I- 7 

70 

M 

Recurrent Ca. Bladder 


1.040 


(prostatectomy. 2 vr. before) 


1-12 

08 

M 

D-50 

58 

M 

D-SO 

47 

21 

D-02 

55 

F 

C-44 

29 

M 

G- 1 

40 

M 

G-1S 

71 

21 

H- -i 

50 

F 

I- 4 

01 

21 

1-11 

08 

21 

D-23 

04 

21 

D-oS 

70 

M 

D-93 

45 

21 

A-32 

63 

F 

A-35 

60 

F 

C-24 

67 

21 

G- 3 

48 

21 


G- 4 

02 

21 

H- 8 

11 

F 

I- 9 

48 

21 

M6 

45 

21 

B-72 

63 

21 

C-18 

62 

21 

C-40 

72 

F 

C-73 

51 

21 

D- 2 

50 

F 

B-19 

73 

21 

T)-26 

73 

21 

D-32 

44 

21 

B-33 

51 

21 

D-91 

66 

F 

D-95 

60 

F 

D-97 

46 

F 

E-39 

29 

F 

F-28 

62 

21 

G- 7 

62 

F 

GIG 

50 

M 


Ad. Ca. Prostate 

Adenoma Malig. Rectal II 

Adenoea. Rectum (infiltrated) III 
Gelat. Ad. Ca. Rectum III 

Recurrent Xeuro. Sare. 

Ca. Stomach 
Ca. Stomach 
Myxosarcoma rt. leg 
Ep. Ca. Bladder III 

Ad. Ca. Prostate II 

Ad. Malignum, Rectum II 

(infiltrated) 

Ad. Malignum, Rectum II 

Ad. Malignum, Rectum 

(infiltrating) II 

Ca. Rt. Breast and Ca. Corp. 
lit. Preop. 

Ca. Breast, Preop. Radiated 
Recurrent Heur. Sarcoma 
Ca. Stomach Adv. inoperable. 

Cardia 

Ca. Stomach, Eundus 
Osteogenic. Sarc. Femur. 

Ad. Ca. Prostate, vr. Bone met. 
Teratoma Testis 


Superficial Sq. Ca. I 

Spindle cell sarcoma 
Fihrosarc. lower extrem. 

27 eurosarcoma 

Pap. Ad. Ca. Rectum III 

Ad. Ca. Rectum III 

Ad. Malig. Rectum II 

Colloid Ca. Rectum II 

Ad. Malignum Rectum 
Colloid Ca. Rectum (infiltrated) II 

Ad. Malignum. Rectum II 

(extensive with chr. inflam.) 

Ad. Ca. Rectum III 

Ca. Cervix 

Sq. Ca. Eip \ 

Ad. Ca. (Pancreas?) Cyst 
Ca. Stomach (with rt.’ sub- III 

phrenic abscess) 


Yes 

Yes 

Yes 


Yes 

Yes 

Yes 

Yes 


Yes 


Yes 

Yes 

Yes 

Yes 


Yes 

Yes 

Yes 


Yes 


1.01 G 
1.017 
1.017 
1.047 
1.047 
1.047 
1.047 
1.047 
1.047 
1.047 
1.04S 


1.01S 


1.048 

1.04S 

1.048 

1.048 

1.048 

1.048 

1.048 

1.048 

1.048 

1.049 
1.049 
1.049 
1.049 
1-049 
1.049 
1.049 
1.049 
1.049 
1.049 
1.049 

1.049 

1.049 

1.049 

1.049 

1.049 
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of the radiosensitivitj- of the cancerous growths in the last 300 eases observed. 
Table VIII represents the eases of anemia found in tire noneancerous group of 
lesions. 


In the series of 23 eases I reported in 1929, ten, or 43 per cent, fell into the . 
anemic group. This is in striking contrast to the present larger series of 400 
observations where the corrected incidence of anemia was found to he 22 per 
cent. This may be explained not alone by the greater accuracy obtained in 
observing a larger series, but also by the fact that the smaller series was ob- 
served in hospitalized patients, usually late stages of cancer, whereas the larger 
series was compiled almost wholly (with the exception of about 6 cases) from 
ambulatory, out-patient cases. This low incidence of the anemias associated 
with early, ambulatory cases of cancer emphasizes the belief that cancer, at 
least in its beginnings, is a local disease. The 22 per cent incidence compares 
favorably with the 30 per cent incidence of anemias associated with neoplasms 
other than those of cancer; it contrasts strikingly with the 42 per cent of com- 
bined hospital and clinic patients (85 eases) of a general hospital as reported 
by Polo we, a and still more strikingly with the 52 per cent of purely hospital 
cases as noted in Table III. 


This low incidence of anemia of 22 per cent bears further comment. It 
tends to minimize the current idea that irradiation of the cancerous growths 
produces anemia. I do not have the exact data as to how many of the observed 
cases were under radiation treatment, but I do recall that most of them had re- 
ceived some such treatment.* Lucas 7 feels that this factor as a cause of anemia 
is overemphasized. Examination of Tables IV, V, and VI tends to bear this 
out. Only 1.4 per cent of the observations (Table I) fell into the group of 
severe anemias. All four were in cancer of the stomach. Only 3.8 per cent of 
the observations fell into the moderately severe group of anemias. The major- 
ity of these were associated with cancer of the cervix and of the rectum. The 
balance of 16.8 per cent fell into the mild group of anemias. The lesions en- 
countered were mainly those of the gastrointestinal tract, and those of the genito- 
urinary tract (urinary bladder, testis, cervix). All of these three groups of 
anemias can be plausibly explained on a clinical basis (the presence of huge 
ulcerated areas from which there is a constant oozing of blood and through uhich 
bacteria gain easy access to the body). Starvation and dehydration aie no 
mean factors in the cause of anemia associated with cancer of the gastronites nu. 
tract. Irradiation should not, therefore, he considered an important factoi m 
the production of anemia. 

Starvation, hemorrhage, and infection form the great etiologic triad in d ,c 
production of the anemias associated with cancer. The nature of this stuc J 
(i.e., the single observations and the lack of follow-up) prevents an aceuia^c 
interpretation of the blood status ease by case. However, the nnnibei 
plus some clinical note on each case, plus clinicopathologic follow-ups on s ^ 
of the eases enable me to give a fair cross-section of my clinical impiessions 

•My notes show that in the breast series IS cases (IS per cent) were treated^to ^ 
form of irradiation. Of these only one fell into the anemic group ( mild, witn X ns j t y 0 f 1U6*> W 
1.04S). Sixteen had blood densities within normal limits. One had a j v0 ]tage cycle. 


than normal, 1,061, and had received treatment with radium tubes 



1’oi.owi: : 
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to the factors determining the variation of the percentage of anemias in the vari- 
ous clinics. Thus two main groups stand out: (a) f'aneer of the easily visible 
portions of the body as found in the breast, skin, oral, and gjnccologie clinics. 
It is plausible to assume that the percentage ol anemias is less in this gioup 
since the lesions are discovered earlier by the patient and ate, theiefoie, dented 
earlier, (b) Cancer of the hidden portions ot the body as lound in the gastro- 
intestinal and urologic clinic. It is plausible to assume that the percentage ot 
anemias is greater in this group as the patient usually discovers his condition 
when the growth has advanced and usually long alter starvation, hemorrhage, 
and infection have made inroads into his body economy.® 

In the sarcomas attention is invited only to t he tact that those involving 
hone (a blood-forming organ) exhibit at least hall again a greater incidence ol 
anemia than do those involving the nerves. 

The group of higher than normal blood densities shown in the last two 
columns of Table I deserves comment. I cannot explain the high blood density 
in all the cases, hut my clinical notes indicate that venestasis may he an impor- 
tant etiologie factor. Thus of the 13 breast cases one patient was noted as being 
inoperable, one was noted as having edema, and 7 were postoperative eases with 
possible interference of venous return, though my notes do not specifically show 
that in these 7 eases. In the group of 5 patients with epitheliomas, one patient 
with a specific gravity of 1.0G2 is noted as having a squamous carcinoma with 
metastasis to the axillary nodes, one patient with a specific gravity of 1.064 is 
noted as having a squamous carcinoma with clubbed finger tips, the other three 
patients are noted as having squamous carcinomas on hands and arms. In the 
neurogenic sarcoma group, of the 4, one involved the left forearm and tiie other 
a right lower extremity, but my notes do not indicate that there was involve- 
ment of the regional lymph notes, which if present might account for an in- 
creased blood density. One melanosarcoma is noted as involving the right axilla. 
One extensive angiosarcoma of the baek was associated with a specific gravity 
of the blood of 1.062. 

In this group of higher than normal blood densities, it is the negative phase 
which compels attention. Thus, no high blood densities appear in any of the 
gastric cases. It is in this clinic that I saw eases of dehydration where one 
would expect a high blood density (especially in view of the normal or nearly 
normal red blood cell counts and hemoglobin values that were found). But 
such was not the ease. Other factors, such as loss, by emesis, of ash content 
of the blood, and factors as yet undetermined tend to produce a blood density 
more in keeping with the clinical picture. The same is true of cancer of the 

large bowel where only one case (1 per cent) was found to have a blood density 
of 1.061. 

It must be borne in mind that the complexities of the forces at play, such 
as the fluctuating water and mineral balances and the destroyed rhythm of 
blood formation, tend at times to produce normal specific gravity values while 

pathologic forces are destroying the patient. The importance of clinical iud"- 
ment is obvious. J n 

»^rS^«& 1 S? e of G i l o J b 1 T ?Sl £:■ TT non , ,a the 

mure aeries) was found six days prior to Perforation of“th e ( stomach denslty observed in the 
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Just a note in passing on the benign group of higher than normal blood 
densities. One ease only deserves comment, that of a boy of nineteen, with a 
bone ey.st, wherein the specific gravity of the blood was 1.061. This high blood 
density may have been due to an increased calcium content of the blood. The 
high specific gravity of the blood may be of differential diagnostic value in 
such eases. 

(c) Grading and Sensitivity . — In Table VII one sees that 20 per cent of 
the cases graded fell into the anemic group, the more malignant grades (II and 


Table VII 


Grading and Sensitivity Reports Reviewed in 300 Cases op Human Cancer 



Total graded as to malignancy 

Total qualified as to radiosensitivity 
Total qualified and graded 

Total graded but not qualified 

Total qualified but not graded 

Total neither graded nor qualified 


148 

137 

131 

17 

11 

152 


GRAPE 

NONANEMIC: 

SP. GR. 1,050 OR OVER ANEMIC: SI*. 

GR. UNDER 1.050 


NO. OBS. 

PER CENT NO. 

OBS. 

PER CENT 

i 

21 

IS 

4 

13 

it 

Go 

55 

14 

47 

in 

30 

26 

12 

40 

IV 

1 

• 1 




117 

S0% of total graded 

30 

20% of graded 

R.R. 

S4 

79% 

90 

21% 

R.S. 

2S 

90% 

3 

10% _ 


Table VIII 

The Ten Anemias Among the 50 Cases op Human Noncancekous Lesions 


CLINIC 

AGE 

SEX 

DIAGNOSIS 

SI 

G- fib 

53 

ii 

Aeliylia gastrica 


I- 3b 

68 

ii 

Hyp. prostate postop. 


I- 2b 

66 

ii 

Hyp. prostate postop. 


I- lb 

77 

F 

Epithelial papilloma 


E-13b 

47 

F 

Fibroid uterus 


E-lOb 

28 

F 

Fibroid uterus 


G- 4b 

53 

11 

Gastric ulcer 


G- 5b 

55 

M 

Gastric ulcer 


G-llb 

35 

M 

Mycosis fungoides (skin) 


G-14b 

78 

11 

Achylia gastrica 



BP. GR. BLOOD 


1.043 

1.043 

1.044 
1.040 

1.047 

1.048 

1.048 

1.049 

1.049 

1.049 


III) claiming the greatest number. This 20 per cent is in keeping with the 
per cent incidence of the anemias in the 400 eases observed. Of the ladio- 
resistant lesions 21 per cent fell into the anemic group. Here again the mei 
deuce is in keeping with the 22 per cent for the entire series. Of the radiosensi 
tive lesions 10 per cent fell into the anemic group. No radiosensitive esions 
were found in the severe and moderately severe groups of anemias (la e 
and V). It appears quite likely that the low incidence of radiosensitive esion^ 
among the anemias is due to their rapid growth and consequent early discover 
by the patient who presents himself for treatment before anemia has se 
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From a statistical point ol' view, therefore, radioresistaiice is only coincidentally 
associated with an anemic status. 

In 23 of the 31 lesions estimated as being radiosensitive, qualifying,' terms 
sucii as ‘‘relatively radiosensitive" or ‘‘moderately radiosensitive wen; used. 
The estimate of sensitivity made by die pathologist appears to he ultimately 
conditioned hv the size, location, and aeeessibility ot the growth. Burak’ 
terms these the conditional and constitutional laetors, the conditional factois 
being determined by the eharaeter ot the surrounding tissues, including ic- 
gional and distant organs; the constitutional factors being determined by the 
nature of the tumor and of its matrix. It should he noted that Burak qualifies 
his conclusions by stating that, in addition to these biologic factors, the role of 
other clinical factors and the physical properties ot the rays must he considered 
for prognosis and technic of irradiation. Back and Quimby 1 '' state that radio- 
resistance is a latent property of cancer tissue. They cite (’anti as properly 
suggesting that "in the ease of neoplasms there may be an indirect factor play- 
ing an important part." The nature of this indirect factor is not mentioned. 
Nem enow 10 feels that since the roentgen rays influence the metastructure of the 
cells, the molecules and atoms, it is as a rule impossible to estimate the radio- 
sensitivity on the basis of the histologic picture that reveals only the gross 
•structure of the cell. To me, this seems like a hint that cellular chemistry may 
be a factor of influence. 

Several men have thought it likely that the blood status influenced the sen- 
sitivity of the tumor process. Dean, 17 ten years ago, made the statement, "The 
relationship between our skin tests, the therapeutic results and the patients’ 
blood quality has been so close as to warrant the prediction of the effect of 
therapy within certain limits on the basis of the latter factor alone." Dean 
found that the usual skin erythema dose had no effect on the anemic patient. 
After blood transfusion in such a ease, Dean obtained a skin erythema with the 
usual dose. More recently, Stewart 15, very clearly presented the status of esti- 
mated sensitivity and observed results of irradiation of pathologic tissues. He 
stated, "The entire situation suggests the presence of some entirely unknown 
factor or factors influencing the sensitivity of the tumor process." Stewart 
further stated that, "After all, the only law of radiosensitivity which remains 
essentially unchallenged is that one accomplishes very little by irradiating a 
cachectic patient, unless the cachexia results from a highly sensitive tumor of 
the type of lymphosarcoma, thymoma, Wilms’s tumor and the like.” My own 
impression (stated here merely as a matter of record and as a subject for future 
investigation) is that there is some underlying electrolytic factor in the blood 
whether the patient is anemic or not anemic (I have in mind a chloride reten- 
tion), which in some way hinders the selective action of the rays. This impres- 
sion is based on the work of Stammler and Moraezewski, 19 Macht and Tea- 
graden, 20 and on some of my own unpublished work. This remains to be proved 
I teel that the anemia is only coincidental, and that when it is associated with 
a radioresistant lesion, it (the anemia) is then only a clinical expression of a 
modi bed electrolytic content of the blood and should be so treated (as hv trans- 
fusion) before irradiation of the patient. 
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SUMMARY 

1. The specific gravity of the whole blood was determined in 400 eases of 
proved cancer. A relatively low incidence of anemia was found: 22 per cent of 
the series as a whole; 5.2 per cent incidence of combined severe and moderately 
severe grades of anemia. 

2. These anemias can usually be explained on a clinical basis as secondary 
effects of the cancer process and may so be treated. 

3. Anemia appears to be only coincidentally associated with radioresistant 
lesions. 

4. It appears that irradiation as a cause for anemia is overestimated. 

5. Venestasis may be an important etiologic factor in the production of 
higher than normal blood densities. 

6. The falling drop technic for determining the specific gravity of fluids 
offers an easy, rapid, and accurate orientation as to the status of the blood at 
any moment. It permits of limited differential diagnostic value in gastric 
lesions wherein low blood densities (expressive of severe or moderately severe 
grades of anemia) may make one lean toward a diagnosis of cancer." In bone 
lesions, where hyperparathyroidism is suspected, higher than normal blood den- 
sities may add corroborative evidence. 


The author wishes to express his appreciation to the various members of the staff 
of the Memorial Hospital, New York, for their kind assistance in obtaining the correct 
material and for the time given me in informal discussion of the work. The author alone 
is responsible for the opinions expressed in this paper. I wish also to thank Surah Bimond 
Abrash, A.B., Paterson, N. J., for her aid in the recording of the data. 
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LABORATORY METHODS 


DETERMINATION OP THE STROKE VOLUME OP THE HEART* 


Alexander 0. Keeler, Jr., Pii.G., B.Sc., Philadelphia, Pa. 


T~*HERE is an occasional demand in routine laboratories to determine the 
stroke volume of the heart in connection with cardiac constriction cases. 
This may be obtained by determining’ the oxygen content of venous and arterial 
blood and the oxygen consumption of the lungs. 

Principle . — The one-minute oxygen consumption of an individual at rest 
and fasting for several hours is determined using a basal metabolism apparatus. 
The pulse is recorded; the oxygen content of venous and arterial blood is de- 
termined. The stroke volume can then be calculated. 

Method. — A. The oxygen consumption of the patient is determined by means 
of a basal metabolism apparatus. The temperature of the oxygen in the ap- 
paratus is noted, also the barometric pressure. The number of cubic centimeters 
of oxygen consumed per minute is converted to standard conditions by calcu- 
lation. 


B. About 5 c.e. of blood are withdrawn from a vein in the arm of the pa- 
tient. The blood is protected from contact with air by using a Kaufman Liter 
double tip syringe, the side arm is connected by rubber tubing containing min- 
eral oil to a test tube lined with approximately 25 mg. of sodium oxalate. A 
like amount of blood is withdrawn in a similar manner from an artery located 
in the wrist of the patient. 


The pulse of the patient is recorded. 

Sodium hydroxide solution: A 2 per cent solution of sodium hydroxide is 
aerated by introducing it into a separately funnel and shaking it several minutes. 

Oxygen reagent : Potassium ferricyanide 3 gm., saponin 3 gm., caprylic 
alcohol 3 e.c., and distilled water, a sufficient quantity to make 1,000 c.c. 


Using a vim Slyke and Cullen CO. Pipette, 7.5 c.c. of the oxygen reagent 
are introduced into the cup of the apparatus and deaerated by subjecting it. to 
repeated negative pressures. When the reagent is gas-free, 6 c.c. arc forced up 
into the cup of the apparatus. Two cubic centimeters of venous blood are 
transferred from under the oil in the test tube to the cup of the CO, pipette, 
slowly being delivered under the reagent simultaneously being permitted to 
enter the chamber of the pipette followed by 5 c.c. of reagent. The excess of 
reagent is removed from the cup of the pipette. A few drops of mercury are 
introduced to act as a stopcock seal. 


•From the Laboratories of the Graduate Hospital, University of Pennsylvania. 
Received for publication, August 5, 1933. 


994 



KlXl.Klt : STROKE VOl.CMK or HEART 


‘JUS 


Host of the mercury is evacuated from the chamber ot the pipette and t lie 
apparatus is shaken until the "uses liberated from the blood by the reagent give 
a constant volume. (Shake from live to ten minutes.) The gases are oxygen, 
nitrogen, and carbon dioxide. A negative pressure is now produced in the 
chamber of the pipette by bringing the upper surface of the liquids to the 2 e.e. 
graduation. The cup of the pipette is rinsed with distilled water, and O.o e.e. 
of aerated sodium hydroxide is permitted to enter the chamber of the pipette 
followed by a few drops of mercury. One minute is allowed for the sodium 
hydroxide to combine with the carbon dioxide gas. The gases (oxygen and 
nitrogen) are now brought to atmospheric pressure and a reading taken. The 
temperature and barometric pressure are noted during the analysis. 

C. The oxygen content of arterial blood is determined in the same way as 
that of venous blood. 


Calculation . — 

A. A — e.e. of O, consumed per minute (from basal metabolism apparatus) 
1 J , — mm. barometric pressure 
P. — 700 mm. 

T, — Absolute temperature of gas 
T. — 273 degrees Absolute 

A.Y.T. — Aqueous vapor tension 

, ..Ax T. x (P, - A.V.T.) 

O. e.e. consumed per minute = : — — . 

X t X i j 


B. 0. in rfii oii.i blood. 

B — e.e. of O. r X, in blood. 

Volume per cent 0, = 


= b 


P, 


A.V.T. 


x oO x Bl 

C) J 


1.3(1 


beat. 


760 (1 + 0.003G7 x 
1.36 = Volume per cent of X. 

C. O, in arterial blood. 

Use the same formula as for oxygen in venous blood. 

D. Minute volume of blond in cubic centimeters — 100 x e.e. O. consumed per minute 

% O. in “C” - % O, in “B” 

Stroke volume in cubic centimeters = Minute volume of blood in e.e. 

Pulse 

Xormal stroke volume for patient at rest is from .10 to 100 e.e. in each ventricle per 


REFERENCES 

Hawk and Berglicim: Practical Physiological Chemistry ed 
Blakiston 's Son & Co., Inc. 

Wiute , Paul D - : He art Disease, Xew York, 1931, The Macmillan Co. 


10, Philadelphia, 1931, p. 



THE PREPARATION AND USE OE COLLOIDAL CARBON 

SOLUTIONS 3 


J. M. Looney, A.B., M.D., and F. C. Stratton, B.S., Worcester, Hass, 


D URING an investigation undertaken a number of years ago, by tlie senior 
author, of the chemical changes in the spinal fluid responsible for the 
flocculation of the gold sol in the colloidal gold test, it was found that no 
correlation could be drawn between the two factors because of tiie variability 
of the gold sol. 


It was found that two gold sols, even though prepared at the same time 
with the same reagents under the same conditions, did not give identical 
curves with the same spinal fluids. It was further found that one could not 
keep a satisfactory gold sol for a sufficiently long time to carry out a senes 
of experiments which would extend over a j>eriod of months. In order to 
carry out the investigation as planned, it was necessary either to have a 
colloidal solution which could be made in large amounts that would keep 
indefinitely, or else to have one which could be made at different times and 
still yield identical results with spinal fluids. 

As none of the colloidal solutions then being used could satisfactorily 
meet these requirements, a search was made for other colloids. After a. num- 
ber of solutions were investigated, it seemed that a colloidal suspension o 
carbon offered most promise of fulfilling the requirements. A preliminary 
report on the preparation and use of colloidal carbon solutions was presentee 
at the meeting of the Federation of American Societies for Experiment*' 
Biology in I927. 1 In 192S, at the Philadelphia meeting of the Intel-urban 
Clinical Club, a paper was presented giving results of further studies " i 1 
the method. At this time it was pointed out that solutions of India ink wou 
give similar results, although the reagent was not as sensitive as the elect' o 
lytic ones. 

A further demonstration of this method was made at the International 
Physiological Congress at Boston in 1929. At that time a carbon solution 
made three years previously was used with spinal fluids obtained through t ie 
courtesy of Dr. Prank Fremont Smith of the Department of Neuiologj ^ 
Harvard Medical School. The carbon curves in every instance agieed v' ^ 
those obtained independently in his laboratory by the colloidal gold test. ><- 
curve of patient M. B. in Table VI was obtained with this solution- 
Scliube and Harms 2 have published an article confirming in P art; R ie ® e 1 ' 
ings, although no reference was given as to the original investigations 
Looney. 


•From the Memorial Foundation for Nemo-Endocrine Research and the 
of the Worcester State Hospital. 

Received for publication, August 1, 1933. 
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The preparation of colloidal solutions of carbon is readily accomplished 
by means of electrolysis between two carbon electrodes in a faintly acid 
medium. Solutions prepared by acid alone are as a rule not stable, but the 
addition of an oxidizing agent sueh as potassium dichromate increases their 
stability. 

The carbon electrodes are obtained from discarded dry cells and it is 
preferable to use electrodes which have not been impregnated with parallin. 
Those are connected in series with a 22 ohm rheostat, capable ot handling o 
amperes, an ammeter and the terminals of a 110 volt source of direct current. 
A volt meter is connected across the two electrodes which are immersed in a 
jar containing three liters of water to 'which lias been added •! ml. of con- 
centrated sulphuric acid saturated with potassium dichromate. The desired 
amperage and voltage were obtained by regulating the distance between the 
electrodes and by manipulating the rheostat. Current was passed through 
the solution for from ten to twenty hours, yielding a black solution of carbon 
in colloidal suspension. After standing for several days the clear supernatant 
solution was decanted from the larger particles which had settled out. A 
good solution should be clear, dark brownish in color, and of such concentra- 
tion that print can be distinguished through a layer 5 or 6 mm. in thickness. 
This depth of color can be obtained by diluting with distilled water. Pale 
solutions should be discarded. 

When added to spinal fluids, varying degrees of precipitation may be ob- 
served and utilized as with colloidal gold solutions to yield a curve. The 
following scale has been used in recording observations: 


0 — no change 

1 — no precipitate, change in color 

2 — -light precipitate, deep color 

3 — heavy precipitate, marked color 

4 — heavy precipitate, faint color 

5 — completely colorless 


Eleven tubes were set up as for colloidal gold curves, 1 ml. of 1.0 per cent 
sodium chloride solution placed in each tube, and 1 ml. of spinal fluid added 
to the first tube. After thorough mixing 1 ml. was transferred from the first 
tube to the second, mixed thoroughly, and the process repeated to give a series 
of dilutions y 2 , J A, Vs, etc., the 1 ml. for transfer from the tenth tube being 
discarded, and the eleventh tube acting as control. Two ml. of the colloidal 
carbon solution were added to each tube, the racks shaken and allowed to 
stand overnight. 


In Table I are given some of the preliminary experiments carried out 
during 1927 and 1928. It will be noted in Case 1 on March 15 that different 
carbon solutions give somewhat different results although the curves are of 
the same type. The character of the curve changed as the patient recovered 
so that it approached that of the normal in which precipitation occurs only 
m the first two tubes. That the curve obtained in meningitis differs in char 
acter from that obtained m general paresis is also evident from this table 
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J. H. 
T. W. 
C.s. 
M. B. 


C.UiBQX CURVE 

1155531000 
1115551000 
1115552000 
1135551320 
55130000000 
5130000000 
5551000000 
-115511321 
1155551332 
000555132 
000555513 
1255511330 
2315511000 
00235511320 
5100000000 
5100000000 
2100000000 
55513210000 
5513211000 
5513200000 
5113222110 


Meningitis 
Meningitis 

Meningitis 

Meningitis 

Meningitis 

Meningitis 

Meningitis 

Meningitis 

Meningitis 

Meningitis 

Meningitis 

Meningitis 

Tuberculous meningitis 
Maternity, normal 
Normal 
Normal 

\Vassermann positive G.P. 
M'ttssermann positive G.P. 
lVassermnim positive G.P. 
lVassermnnn positive G.P. 


could be prepared at from o 0 to sn , f 
solutions made at 4 amperes u Wo and trom 3 to 4 amperes. Tlie 

at 3 amperes. The samples nre 6 *°““ d f nib, J r 1U01- c sensitive than those made 
aiea immersed in the solution ^ ai _ eC electrodes having a small surface 

having the same voltage and ° U tjl<? " dlcde aiore sensitive than those 

iu the bath. The best prepara ..^ >era ° e w ^tb a greater area of electrode 
mersed to a depth of from 13 f 0 , ?* 1S aie Stained with fresh electrodes im- 
tions contain the maximum am t™ ^ ^ V<dts ;ui d 3 amperes. These solu- 
contained in each 100 ml ° Un cai ^ 011 > about 250 to 270 mg. being 

Variation m the sensitivity 7 

h i\ altering the salt concentration^ ^ tablllty of the solutions can be obtained 
fluid dilutions. This influence of ti° - Solut | on usecl in making the spinal 
reaction is shown in Tallin tt i • le sa ^ solution upon the sensitivity of the 

II, winch records the data when the dilutions were 
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, 1 "i nci* cent sodium chloride sulu- 

madcwith distilled water. 1.0 pm uU •* . s sensitivity, 

tions. Increase in the sal, eoneentn tmn ,m - ^ a oC lh « 

Th, stuliiUtv of til- „,i, „i.„» ...... 1»- l """ 

sensitivity of the nse.i Ur ,l.-H,o„s>.alio,> at 

periods, as is slum n b> ‘ ' in v.t29 had been prepared three 

the International Physinlogiea r- rxm . Ilu .ly sensitive solutions have a 

years previously. On t n* « !, *J ^ aiv too * H-ht to use. Thus we iind 

tendency to precipitate out s. * * , )n . c i p itate on the addition of 

that Sample <>. when three weeks old. did n U> 1 ^ >t six 

two volumes of carbon to one volume of 2 p< « 


NO. 


IP. 


14 

1.1 

10 


Table II 


TATIF-NT 

T.H. 
a. n. 


DATE 

IV 1' 
a/ is 


P. K. 


it. r. 


mu tios_ 

Water 
1.0% Naf'l 
Water 
1.0% Xsit'l 
1.1% Naft 
1 . 0 % XaO 
1 . 1 % Nal’l 
1.0% XaOl 


eAnnos cntvE 
.1410000000 
.114:1-22110 
.1400000000 
->442000000 
4.1.14321110 
.1.142100000 
.1443211000 
4431000000 


. • ■ hv 1 4 ner cent salt but not by 1.2 per cent salt 

months it was precipitated b> 1 Hn „ is not sufficient in the case 

solution. This increase m aensitiut} on stanunv 

of the better solutions to prevent their being used for mans months. 

After the carbon has been added to the spinal fluid dduttons the reading 

can be made after standing overnight. Standing for a 

ci* it rvKfnttiPfl «»<i is shown bv the rott dinars tdk.cn dt twenty 

eftect on the curve obtained. as is snuu 

four hours and forty-eight hours in Table III. 


Table HI 


NO. 

PATIENT 

DATE 

HOPES 

CARBON CURVE 

ir> 

P. K. 

11/25 

24 

48 

5542100000 

5543100000 

16 

II. C. 

11/25 

24 

48 

4431000000 

4431000000 


The solution as made is approximately 0.033 normal and is quite acid, 
various samples yielding P„ values by the quinydrone electrode from 1.5 to 
1.8. The influence of changes in acidity upon the sensitivity of the reaction 
was examined, the data of Table IV showing the influence of sodium carbon- 
ate and sodium hydroxide upon the precipitation of carbon by sodium chlo- 
ride. The dilutions in Table IV were made by varying the concentration of 
sodium carbonate and sodium hydroxide in 2 per cent sodium chloride solu- 
tion, using the 2:1 carbon: saline ratio as noted for the effect of salt con- 
centration. 

It Avill be seen that gradually increasing the amount of alkali added 
decreases the precipitation of the cai'bon solutions at first but finally the 
mixture again precipitates so that, the addition of from 2 to 3 c.c. of 10 per cent 
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Table IV 


SAMPLE 

C.C. ADDED 1.0 

0.9 

O.S 

0.7 

0.G 

0.5 

0.4 

0.3 

0.2 

0.1 

0.0 

A. Stabilizing Effect of 

Addition 

of 10 Per Cent ATaOII to 2 

Per Cent NaCl Solution 

G 

0 

0 

0 

0 

0 

0 

0 

0 

o 

o 

3 

23 

O 

0 

0 

0 

0 

0 

0 

A 

4 

5 

5 

24 

o 

0 

0 

0 

0 

0 

1 

4 

;*> 

5 

5 

2G 

0 

0 

0 

0 

0 

1 

3 

5 

5 

5 

5 

27 

o 

o 

o 

0 

0 

0 

O 

3 

4 

5 

0 


SAMPLE 

C.C. ADDED 1.50 

1.35 

1.20 

1.05 

0.90 

0.75 

0.G0 

0.45 

0.30 

0.00 

B. Stabilizing Effect of 

Addition 

of 10 Per Cent Xa.CO 

j to 2 

Per Cent NaCl Solution 

G 


0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

23 


0 

0 

0 

0 

0 

0 

0 

1 

4 

5 

24 


0 

0 

0 

0 

0 

o 

O 

4 

0 

5 

26 


0 

0 

0 

0 

0 

0 

0 

0 

0 

4 

27 


0 

0 

0 

0 

0 

1 

o 

4 

5 

0 

28 


0 

0 

0 

0 

0 

0 

0 

0 

i 

1 


sodium hydroxide causes complete precipitation. The zone in which there 
is no precipitation is much wider for sodium carbonate than for sodium 
hydroxide. This stabilizing effect of the addition of alkali can be utilized 
to adjust oversensitive carbon solutions, so that they can be made suitable 
for use with spinal fluids. This effect is given in Table V, in which the curves 
obtained by the addition of varying amounts of sodium carbonate to the col- 
loidal carbon solutions are compared with the corresponding gold curve, the 
milliliters of 10 per cent sodium carbonate solution added to 100 nil. of col- 
loidal carbon are recorded as the second value in the hyphenated sample num- 
ber, e.g. 26.-0.2 indicates that 0.2 ml. of 10 per cent sodium carbonate was 


Table V 

Effect of Adding 10 Per Cent NaX'O, on the Curves Obtained From Spinal Fluids 


sample and 

C.C. ADDED 


CARBON CURVE GOLD CURVE 


2G-0.0 

5544320000 

2G-0.0 

4433220000 

26-0.2 

5421110000 

2G-0.2 

5420000000 

2G-0.5 

0000000000 

20-0.5 

0000000000 

6-0.0 

5542100000 

6-0.0 

4300000000 

28-0.0 

5542100000 

2S-0.0 

5300000000 

2S-0.5 

5400000000 

2S-0.5 

4000000000 

23-1.0 

5554433200 

23-1.5 

5554333322 

23-1.5 

5554432210 

23-l.S 

5432100000 

23-1.8 

4210000000 

23-2.0 

0000000000 

27-1.0 

5544333222 

27-1.8 

5532100000 

27-1-8 

2411000000 

27-2.0 

4322220000 


4443210000 

1110000000 

5555310000 

1111000000 

0000000000 

4332100000 

5555353210 

1111000000 

5555432100 

1111000000 

4433210000 

2222100000 

5555532100 

5555532100 

1111000000 

5555310000 

0000000000 

5554210000 


5544321000 

5555532100 

1111000000 

5544321000 



I.OON r.Y -STRATTON : 


cou.oiiui. fAHiiox sor.rrirtNS 


1001 


T.mii.k VI 


I'ATIEXT PATE 


A'ASri. I'EI.I* 


01.011. SVO.M’. 1T.OT. 


ool.l) fllllVK CAKUON' rfUVE 


M.I).* 

1029 

— 

no 

Il.C. 

11/21 

pos. 

S(RBP) 

P.K. 

11/21 

pos. 

1 55 

L.Ct. 

11/14 

pos. 

7 (UUP) 

G.F. 

11/ 7 

pos. 

4 (UUP) 

R.S. 

1/ 2 

pos. 

7 (UUP) 

L.M. 

11/30 

pos. 

4 

E.G. 

11/30 

pos. 

8 

A.A. 

11/30 

pos. 

ll 

M.G. 

1/ 2 

pos. 

7(ltBD) 

A.C. 

11/30 

doubt. 

1 

F.B. 

11/14 

neg. 

4 

F.S. 

11/14 

neg. 

1 

R.D. 

11/14 

neg. 

2 

A.C. 

11/14 

neg. 

l(RBP) 

R.B. 

11/21 

ncg. 

6 

A.B. 

11/21 

neg. 

4 

J.J. 

11/21 

neg. 

r.tUBP 


« I 269 

Carbon Sample >'• 
ST 1 U 

vst t; 

'r 

VST 
VST 
ST 
T 
ST 


u.r>n 


uaini -r.Tii orw.VwHtti« 


02 


F.B. 11/15 neg. 


70 
to 
17 
11 

71 
87 
till 
102 

70 

77 

100 

110 

110 

54 


VST 
VST 
SPT 
Sl’T 
VST 
SPT 
0 

VST 
ST 
0 

Carbon Sample 2S 


ti.i 

105 

71 

50 

51 
55 
55 
50 
s5 

32 

33 
15 
37 
31 
11 
35 
30 
43 


0.711 

0.70S 

0.5SS 

((.628 

0.710 

0.717 

0.723 

0.723 

0.731 

0.728 

0.002 

0.(102 

0.(124 

0.020 

0.713 

0.712 

0.722 

0.025 


555555551 1 

55555 1321 

5555353210 

•1555533210 

•1555521000 

•1551321000 

5553210000 

553210000(1 

•1414122100 

2221000000 

1111110000 

lunoooon 

1111000000 

ooomoooo 

oooooooooo 

oooooooooo 

oooooooooo 

oooooooooo 


5532100000 
5513200000 
5512100000 
5113100000 
5511322100 
5513210000 
5413210000 
5433200000 
55 14333222 
4332100000 
4300000000 
5 120000000 
4300000000 
3100000000 
•1200000000 
3000000000 
5300000000 
3200000000 


F.G. 

H.S. 

R.G. 

F.J. 

J.TJ. 

J.U. 

C.C. 

J.V. 

R.S. 

J.G. 

J.J. 

A.H. 


F.G. 

H.S. 

J.TJ. 

C.C. 

H.S. 

J.G. 


A.P. 

F.J. 

J.U. 

A.P. 

J.L. 


2/13 

2/20 

2/27 

2/13 

2/13 

2/20 

2/20 

2/13 

2/20 

2/20 

2/27 

2/13 


2/13 

2/20 

2/20 

2/20 

2/20 

2/20 


poa. 

poa. 

poa. 

pos. 

doubt. 

ncg. 

neg. 

ncg. 

neg. 

neg. 

pos. 

pos. 

doubt. 

neg. 

neg. 

neg. 


3(11 BP) 

1 

0 

1 
9 
1 
1 
0 

5 (RBD) 
1 


T 

ST 

VST 

VST 

VST 

T 

VST 

ST 

VST 

SPT 

ST 

SPT 


50 

72 

72 

(55 

OS 

8(5 

,S1 

79 

79 

OS 

7S 

53 


9S 

7S 

47 

50 

53 

SO 

38 

65 

40 

4S 

3S 

30 


0.727 

0.714 

0.743 

0.727 

0.722 

0.740 

0.G7S 

0.723 

0.709 

0.722 

0.734 

0.702 


5555532100 

5555432100 

5443210000 

4-143210000 

3332100000 

2222100000 

2221100000 

1111000000 

1111000000 

1111000000 

1111000000 

1110000000 


2/ 7 
2/13 
2/13 
2/ 7 
2/13 


poa. 

pos. 

pos. 

neg. 

aeg- 


Carbon 

Sample 29 



T 

59 

98 

0.727 

5555532100 

8T 

72 

7S 

0.714 

5555432100 

T 

86 

80 

0.740 

2222100000 

VST 

SI 

38 

0.678 

2221000000 

VST 

79 

40 

0.709 

1111000000 

SPT 

68 

48 

0.722 

1111000000 

Carbon Sample 27-2 



VST 

65 

50 

0.707 

5544321000 

VST 

65 

56 

0.727 

4443210000 

VST 

68 

53 

0.722 

3332100000 

;(RBD) VST 

61 

51 

0.700 

2222110000 

; ' ' SPT 

58 

44 

0.730 

2222100000 


5331110000 

5542100000 

5421000000 

5322100000 

5320000000 

5410000000 

4100000000 

5310000000 

3200000000 

4200000000 

5300000000 

3100000000 


5543220000 

5543321000 

5432100000 

3221000000 

3320000000 

4320000000 


4322220000 

4542100000 

5543322000 

3221100000 

3441000000 


Carbon Sample 27-1.8 


F.G. 

J.L. 

J.V. 


2/13 

2/13 

2/13 


pos. 

neg. 

neg. 


o 

VST 

59 

9S 

0.727 

5555532100 

5532100000 

2 

SPT 

53 

44 

0.730 

2222100000 

oooooooooo 

1 

ST 

79 

65 

0.723 

1111000000 

2411000000 


L.G. 

11/14 

poa. 

7 (RBD) 

T 

62 

74: 

F.B. 

11/14 

neg. 

4 

SPT 

66 

33 

R.D. 

11/14 

neg. 

O 

VST 

70 

37 

A.C. 

11/14 

neg. 

I (RBD) 

SPT 

77 

34: 


E.A. 

C.M. 


2/27 

2/27 


Carbon Sample 15 

0.588 5555353210 5554200000 

0.602 1111110000 5531000000 

0.624 1111000000 5420000000 

0.620 0001110000 5531000000 

Carbon Sample 23-l.S 

VST 65 34 0.724 5555310000 5432100000 

SPT 22 30 0.659 0000000000 4210000000 


•Tuberculous Meningitis. 
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added to each 100 ml. of carbon .Sample 26. It is evident that the addition 
of carbonate changes the character of the colloidal suspensions, so that it is 
possible to regulate the sensitivity in such a way that the carbon solutions 
will give curves very similar to those obtained with the gold sols. 

In Table VI we have recorded the complete data for 54 spinal fluids. It 
will be noted that the carbon curves parallel those of the gold sol. Ia the 
normal spinal fluids there is as a rule precipitation only in the first two tubes 
with the carbon solutions, whereas slight changes occur in many of the gold 
dilutions. In the fluids obtained from patients suffering from meningitis, 
the carbon curves offer still more striking contrast to those obtained with 
normal fluids inasmuch as the former show a protective action in the first 
tubes of the series. 

The observations recorded in the foregoing tables are such as to indicate 
that colloidal carbon solutions can be prepared which may be used as test 
media for spinal fluids. The development of a standard technic to cover 
all possibilities demands further experimentation with tests of many spinal 
fluids and many different carbon samples, and will be the subject of a future 
paper. 

SUMMARY 

Colloidal carbon solutions suitable for use with spinal fluids can be pre- 
pared by electrolysis between two carbon electrodes in a 0.033 N Chromic 
acid bath. 

The optimum sensitivity and stability' is obtained at 30 volts and 3 
amperes. 

The sensitivity of the colloid can be altered by the addition of small 
amoiuits of 10 per cent sodium carbonate solution. 

Tlie curves obtained with colloidal carbon solutions are shown to be 
similar to those obtained with the gold sols. 
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lSTKODlTTlON 

.. .. vn-ious constituents of bile have been a 

QUANTITATIVE » u ;; U ‘”, ju , is , )t the mm. complm ami 

Ci matter ot com.dmb . the wide variety of chela- 

vaviable ot body tluulo. 'll M , w ln the eolieeatration of 

leal compounds oliieb may be ^ Uver ant. in 

SSr'SZn tile l animal in addition, tbere la bed 

difference in composition from o..e ■£*■ * atto - in all 

Three of .be most nnpor an, o nps ,,t ^ ^ pil , m|!ll , 8 

types are the pigments, the ie s . ^ derivatives. The bile salts 

include bilirubin, billverdtn atul^o 1. 1 - which occur biologically. 

fora, one of .be most complex f “ “ Jconju-ated bile salts, combina- 
Jtost animal biles contain some or all ot the otUer 

;r 0 • rz " :? r ^ 

Human bile^for example, may also contain lithocliolic and chenodeoxyehol.e 
acids (In-old-). By virtue of their complex nature certain bile acids hate a 
marked tendency to form more or less stable complexes; deoxycholic acid 
with fatty adds forming the choleic acids ; complexes hat e also been postu 
lated with lecithin and with cholesterol. The bile sterols include free and 
ester cholesterol and probably also oxyeliolesterol. 

The physical and chemical properties of these constituents are such that 
even a trace of one compound may interfere with the accurate quantitative 
estimation of another. Two examples of such interference will illustrate the 

difficulties. 

The estimation of cholesterol has presented special difficulties. Not only 
is it necessary to prevent the removal of any bile salts during the extraction 
of cholesterol from a sample of bile, but also no pigments must be in the final 
extract. The presence of a tinge of yellow, due to the extraction of a trace 
of some pigment derivative as reported by several workers (McLure and 
Mortimer, 3 McMaster*), will interfere markedly with the accuracy of the final 
colorimetric estimation. 

The Pettenkofer reaction has commonly been used for the estimation of 

♦From the Departments of Biochemistry and Experimental Surgery, McGill University, 
Montreal. 
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the bile acids although only acids of the cholic group may be thus estimated 
(Reinliold and Wilson 1 ). Bile pigments again interfere with the production of 
the characteristic color and hence with the accuracy. Attempts have been 
made to overcome this defect by selective adsorption of the interfering sub- 
stances (McLure, Vance and Greene , 0 Aldrich and Bledsoe 7 )- The deficiencies 
of such methods have been pointed out by Gregory and Pascoe* who have 
advocated a monochromatic light to eliminate the interference in the final 
colorimetric estimation. 

It is obvious that a greater accuracy could be expected in such color- 
imetric estimations if the desired constituents were separated completely 
from all other substances in the specimens of bile. Selective adsorption pro- 
vides such a means of separation. Bile pigments, for example, have been ad- 
sorbed from urine on calcium carbonate, Hooper and Whipple,” and on barium 
sulphate (Cole , 10 Hunter"). 

Peiv applications of such inorganic adsorptions to bile have been reported. 
McLure and others 1 - adsorbed the bile pigments from duodenal contents on 
calcium sulphate. Wit 13 has recently studied the effectiveness of such com- 
pounds and found that ferric hydroxide and aluminum hydroxide completely 
elarified bile. Chiray and Cuny 14 have recommended neutral lead acetate for 
this purpose. Peoples , 13 more recently, has used calcium hydroxide to remove 
substances other than bile salts from bile prior to their estimation. 

An extension of the principle of selective adsorption and preferential ex- 
traction should make it possible to separate several constituents from the 
same specimen of bile so that each might be determined. The method detailed 
below provides a simple method for the separation of the bile pigments, bile 
acids, and cholesterol from the same specimen of bile. 

Briefly, the bile pigments are adsorbed on zinc hydroxide in aqueous 
solution. After many adsorbents had been tried this proved the most satis- 
factory since the reagent completely adsorbed the pigments at a slightly 
alkaline reaction. This is essential since the free bile acids precipitate out m 
an acid medium. Zinc hydroxide has the added advantage that it is a protein 
precipitant. 

The greater part of the bile salts remain in tlie supernatant liquid. The 
fraction which is loosely adsorbed oil the zinc hydroxide precipitate is re- 
moved by extractions, first with water, their with ethyl alcohol, while the 
pigments are not so removed. The latter solvent also extracts the cholesterol. 
In order to prove the completeness of extraction it was assumed that all bile 
acids were extracted similarly although, as Cuny 16 pointed out, the oxyacids 
give little or no color with the reagents for the Pettenkofer reaction. A 
negative test, especially using the more sensitive modification of an alcoholic 
solution of the bile salts with furfurakleliyde and sulphuric acid, was acceptec 
as indicative of complete removal of the bile salts. 

Repeated tests have confirmed tire fact that the more common bile salts, 
at least, are insoluble in petroleum etlrer. The other common solvents such as 
chloroform, carbon tetrachloride and ethyl ether tended to extract traces 
substances which produced a yellowish or brownish color with the reagents or 
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the Lieberniatm-Bm-eluml reaction for cholesterol, 'flits solvent was recom- 
mended by Elman ami Taussig for extract in- cholesterol from whole bile. 
A negative Lieberiiiatm-Burchard test was accepted its indicating complete 
extraction of the cholesterol. The ipiantitntivi* applications of this method of 
separation, espeeiitlly with referetiee to the bile salt fraction, will he reported 
shortlv. 


Ml.TUOI) 


1 . Ucagcntx . — 

2. 0.5N potassium hydroxide. 

2. Ten per cent zinc sulphate ( /uS() 4 , 7 1 KO ) . 

This is the concentration of alkali and zinc sulphate recommended by SomogyU* 
for the deproteinization of blood. Potassium hydroxide has been substituted for 
the sodium hydroxide since its carbonates and sulphates crystallize with little or 
no water of crystallization. The two solutions are related, however, as recom- 
mended, so that 10 o.e. of the zinc sulphate are neutralized to phenolphthulein by 
10.S or 11.2 c.c. of the alkali. 

3. Ninety-live pier cent and absolute ethyl alcohol. 

4. Petroleum ether, boiling point 30-80° C. 

5. Approximately 4N (22.4 per cent) potassium hydroxide. 

0. Approximately 2X (14 per cent! potassium carbonate (1C 3 C0,). 

7. Approximately AX sulphuric acid, 139 c.e. concentrated sulphuric acid per liter, 

S. Six per cent potassium hydrogen phosphate (K 5 IIPO,). 

2. Procedure . — The quantity of Idle required depends upon the constituent being de- 
termined. It has been found convenient to use such an aliquot of bile as will provide at least 
25 mg. of bile salts or 0.5 mg. of cholesterol. This is usually achieved by using 1.0 c.c. or 
less of gallbladder bile or from 2.0 to 4.0 c.e. of fistula bile. 

The quantity of bile must be carefully measured, preferably using a “to contain” 
pipette, into a 50 c.c. centrifuge tube. The pipette is rinsed two or three times with dis- 
tilled water, using sufficient to bring tho total volume to 10 c.c. Add 1 c.c. of the 0.5X 
potassium hydroxide, then add 1 c.c. of the zinc sulphate with gentle mixing. The contents 
of the tube are thoroughly mixed to obtain maximum adsorption of the pigment and precipita- 
tion of the protein. The tube is centrifuged for about five niinutc-s. If the supernatant is 
not water clear, the addition of a few drops of the alkali followed by a similar amount of 
the zinc sulphate, will complete the adsorption. It is advisable to loosen any particles of 
the green precipitate from the upper portion of the tube by means of a fine stirring rod before 
the final centrifuging. The water-clear supernatant is decanted off into an Erlenmeyer flask. 

To the precipitate is added about 9 c.c. of distilled water and the fioceulent precipitate 
is stirred up thoroughly with a stirring rod which is rinsed off with about 1 or 2 c.c. of water. 
The tube is centrifuged and decanted off as before. This aqueous extract is added to the 
original supernatant. A second similar extraction is made with distilled water. These 
aqueous extracts remove not only a portion of the bile salts but also the excess zinc which 
should he removed by precipitation. Add 1 c.c. of 2X potassium carbonate to the combined 
aqueous extracts, mix and filter through a fat-free filter paper into a 125 c.e. Erlenmever 
flask. Wash the precipitate 2 or 3 times with small portions of distilled water to remove anv 
bile salts. 


The remaining portion of the bile salts and the cholesterol are removed by at least 
five similar extractions with 95 per cent ethyl alcohol. The first two are at room temperature 
wlule tor the others the tube is placed in a water-bath at GO or 70° C. for about five minutes 
with occasional shaking to prevent the precipitate from settling out All of these , 

extracts are combined with the zinc-free filtrate forming the bile acid-cholesterol f ra cUon 
The separation of the cholesterol from the bile salts presents little aim-., u v „ - ‘ 

of 4X KOH to the bile salt-cholesterol extracts and evaporate to about °0 ee ^ 3 ° ^ 

bath. This requires about thirty minutes which is sufficient to hydrolyze’ the cholesS 
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esters but not the conjugated bile salts. At the end of this time 5N sulphuric acid is added 
to the first permanent turbidity due to the precipitation of free bile acids. The solution 
is then cleared by the gradual addition of 2N KUO,, 2 e.e. in excess being added. Evaporate 
to dryness on the steam bath. The last traces of moisture may be removed by drying at 
110° C. for not over thirty minutes. At least three extractions with 10 or 15 c.c. of petroleum 
ether, boiling up each time, and filtering from any solid particles if necessary are required. 
The petroleum ether extracts may be evaporated to dryness, taken up in chloroform and the 
cholesterol determined in the usual manner. 

Bile salts may be separated from the potassium sulphate and carbonate by at least -i 
extractions with absolute ethyl alcohol as above. The bile salts may he then estimated by 
some suitable procedure. A method to be published shortly has been developed to estimate 
the bile salts in this fraction. 

The pigments may be readily removed from the precipitate. Add about 5 drops of 

0.5X KOII and 2 e.e. of 6 per cent KJ1PO, to the precipitate in the centrifuge tube. Stir 
thoroughly with a stirring rod in order to dissolve the pigment and to precipitate the zinc as 
the phosphate. Water or fin per cent alcohol is then added slowly and with stirring to a 
volume of about 10 c.c. Place the tube in a hot water-bath for about five minutes with fre- 
quent stirring to favor solution. After centrifuging a clear green solution and a pale 
precipitate will be obtained. A second extraction with alcohol or water will remove the last 
trace of pigment. 


SUMMARY 

A simple method has been developed to separate the bile pigments, bile 
salts and cholesterol from the same specimen of bile. Each of these fractions 
may then be estimated without the interference of other constituents. 

The author wishes to express his appreciation to Dr. J. B. Collip and Dr. I). L. Thomson 
of the Department of Biochemistry for their many helpful suggestions and criticism. 


REFERENCES 

1. Whipple, G. II.: The Origin and Significance of the Constituents of the Bile, Plqsiol. 

Rev. 2: 440, 1022. 

2. Ingold, C. K.: Annual Reports 25: London, 102S. The Chemical Society, p. lo<- 

3. McLure, C. W., and Mortimer, E.: The Cholesterol Content of Bile in Health and is 

ease, Boston M. & S. J. 188: 633, 1923. , , 

4. McMaster, P. I).: Studies on Total Bile; VI. The Influence of Diet Upon the Output or 

Cholesterol, J. Exper. Med. 40: 25, 1924. , — K{ , 

5. Reinhold, J. G., and Wilson, D. W. : The Determination of Cholic Acid m Bile, J- 

Chem. 96: 637, 1932. , r , , ... 

6. McLure, C. W., Vance, E„ and Greene, M. C.: Studies in Liver Function: t. Methods 

Determining the Concentration of Bile Acids and of Bile Pigments Present 
Duodenal Contents, Boston M. & S. J. 192: 431, 1925. ... .. . 

7. Aldrich, it., and Bledsoe, M. S.-. Studies in the Metabolism of Bile: 1. A Quan 1 -* 

Pettenkofer Test Applicable to the Determination of tlie Bile Acids in the ’ 
J. Biol. Chem. 77: 519, 192S. . . ... . v „, na 

S. Gregory, R., and Pascoe, J. A.: The Quantitative Determination of Bile Acias n\ - 
of a New Color Reaction and Monochromatic. Light, J. Biol. Chem. 83: 3o, 1J-* 

9. Hooper, C. W., and Whipple, G. IL: Bile Pigment Metabolism: 1. Bile Pigment » 1 
and Diet Studies, Am. J. Physiol. 40: 332, 1916. 

10. Cole, S. W.: Practical Physiological Chemistry, ed. S, Cambridge, 192S, '' - Hene 

Sons, Ltd., p. 323. , T 23: 

11. Hunter, G.: A Diazo Method for Detecting Bilirubin in Urine, Canad. M. a. 

823 1030. 

12. McLure/ C. W., Huntsinger, M. E., and Montague, O. C.: Studies in Liver //'I//, 0 '/ 

HI. Methods for Determining the Furfurol Number and the Bilirubin *-<> 
tion of Duodenal Contents, Boston M. & S. J. 193: 1050, 1925. jn-qj. 

13. Wit, H.: Die physicalisclie Entfiirbbarkeit von Galle, Biocliem. Ztsehr. -07: 

14. Cliiray, M., and Cunv, L. : Sur le dosage eolorimetrique des sels biliaires dansj. ^ 

le liquide duodenal. Modifications de technique, J. de pharm. et eh mi. 9 - - 
35 Peoples S A.: A Simplified Method for Determining Bile Salts in Bile, Proe. o • f 
Biol. & Med. 30: 1117, 1933. 



HOUKSKU-I.l-KUXS : 


I.ANGB COU.OlllAl. «OU> TEST 


1007 


10. Cuuv, I..: Sur l, eomporteinent different do quol.jiies aeries MUnircs .lam U'S n'-.u-tions 
" oolorees elnssiques, Compt. reiri. Sue. <!•■ 09: hi.!. H'l'h. , . 

17. Elman, U.. ami T-.uLig, .1. U.: Tho quantitative Determination at t ImU-sterol m HiU . 

•). Uvn. Cl.lK. Mk.d. 17; 2TI, UKU. % . 

IS. Somogyi, M.: A Method, for the Preparation of Blood filtrates tor the Determination or 

Sugar, .1. Biol. Client. 86: 6.75. 111.'!!). 


A MODIFICATION OF THE LANGE COLLOIDAL GOLD TEST* 


Fued Loeusku, V.M.D., and Maugueiute Lckens, A. II.. 


PlUt.ADEU’JUA, Pa. 


S INCE the introduction of the colloidal gold test by Lange in 31)12 many 
modifications have been reported. Nearly all of these changes have been 
iu connection with the preparation of the reagent while the actual performance 
of the test has remained practically unchanged. The difficulties encountered 
in the preparation of suitable gold solutions accounts for the interest shown in 
this particular phase of the test. At best the preparation of the reagent is 
tedious, time consuming, and tho solutions often fail to meet the necessary 
requirements of sensitivity. 

IVe found that, by changing the method of diluting the spinal fluid, the 
test could be conducted with one-half the amount of reagent. This results in 
a saving of time and material as twice the number of tests can be performed 
with the same amount of reagent. 

A series of parallel tests were conducted on each spinal fluid using the 
original method with 5 c.e. of reagent and the modification outlined below 
using 2.5 c.e. of reagent. A total of 12 fluids were tested, of which 5 gave 
typical Zone I (paretic) curves. 4 gave typical Zone II (syphilitic) curves, 
and 3 were negative. The reactions in the modified test were practically 
identical with those in the original test. A slight difference in the degree of 
reduction in a few of the corresponding tubes of each test was noted. This 
difference when present was at the beginning or end of the curves and not suffi- 
cient to alter the readings. Neither test proved to be more or less sensitive than 
the other. 


To obtain additional proof that the amount of reagent used in the test 
could be varied, providing the fluid tested remained in the proportion, several 
lots of reagent were titrated for sensitivity by the method recommended by 
Ramsey and Eilmann.t In each ease five separate titrations were conducted 
using 5, 4, 3. 2, and 1 c.c. of reagent with a corresponding reduction in the 
amounts of sodium chloride solution. The amount of reduction or sensitivitv 
titer was exactly the same in all set-ups. This shows that the test can be con- 
ducted with any amount of reagent proriding the test fluid is used in the same 
propor tion as recommended in the original test. We feel, however that the 


•From the Laboratories ot the Graduate Hospital. University 0 f Pennsylvania 
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amounts recommended below are more practical than smaller amounts, clue 
chiefly to the possible introduction of error when dilutions are made with 
less than one-tenth cubic centimeter of spinal fluid. 

Although the results obtained in these tests would be expected, as there 
was no logical reason to the contrary, yet one is reluctant to modify in the 
least a well-established technic of such an important test without first ob- 
taining proof that such a change would not in some way interfere with its 
accuracy. 

We have since used the modified method outlined below routinely with 
very satisfactory results. 

Modified Colloidal Gold Test . — 

1. Place eleven chemically clean test tubes in a rack. 

2. Into the first tube place 1.8 c.c. of 0.4 per cent sodium chloride solution 
and 0.5 c.c. in each of the remaining 10 tubes. 

3. Add 0.2 c.c. of spinal fluid to the first tube and thoroughly mix. (We 
feel that the dilutions will be more accurate if 0.2 e.e. of fluid is diluted with 
1.8 c.c. of salt solution rather than 0.1 c.c. of fluid with 0.9 c.c, of salt solu- 
tion. If the latter is used, the 1 c.c. is not discarded from the first as directed 
in Step 4.) 

4. Discard 1 c.c. from the first tube, then transfer 0.5 c.c. to Tube 2; mix 
thoroughly and remove 0.5 c.c. and place in Tube 3; continue until the tenth 
tube is reached and then discard 0.5 c.c. from this tube. The eleventh tube is 
used as a control. 

5. Add to each tube 2.5 c.c. of colloidal gold solution. 

6. Mix thoroughly and set aside for twenty-four hours. The readings aie 
now made and recorded the same as in the original test. 

CONCLUSION 

1. The Lange colloidal gold test can be conducted with varying amounts 
of reagent providing the proportion of spinal fluid remains the same. 

2. A modification of the test is recommended which requires but one-ha 
the amount of reagent that is used in the original method. 



A dropfbb for performance of fraoiuty test of 

T!K1) BLOOD CORPUSCLES* 


IIehukkt P. 


MacNkau, M.D., Pmi-ADKU'HIA, 


Pa. 


TN' THE performance of the red blood cell fragility test much 1 ^ ^ S . ^ t 

1 periene d in obtaining the desired dilutions or halt percent g ^ and 
distilled water when using the ordinary pipette tor count., tg the nun, bet ot 

“""to prepare the different strengths of saline solution hy the drop method 
requires that the count of the number of drops of salute dehvered to eaeh test 



tube he absolutely accurate aud that all drops be equal in size. The use of the 
apparatus to he described has decreased the time necessary for performance of 
the test, has simplified the mechanical manipulations, and has increased the de- 
pendability of the results. 

A large test tube (1 inch in diameter and 6 inches long) is heated in the 
Bunsen flame and pulled until the cross-section at the narrowest part is about 
one-eighth of an inch. The glass is cut at the desired point so that a two-inch 
section of small rubber tubing like that used in blood-counting pipettes may be 

•From the Temple University Hospital. 
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tuS °Zut r i "s d!^ n -rr* A short *■*» ° f *■ 

tubing and an adjustable i T ‘I ^ lhC ,0 "'? r end of * rubber 
tubing, completing the apparatus 1 ^ P ° U tbe middle of the rubber 
When performing the tout ,u„ 

filled with the solution to be me^r^ Tl* tUS | * fastencd in a ™gstand and 
fluid forms on the tip 0 f the -less nozzle LS loosencd until a drop of 

lower end of the rubber tube°and (lie l , CIS lt ° r ten sceonds - If now the 

rubber tube on the stretch the* rate t T^i ^ ^ PUl,ed d(n ™ward, putting the 
increase roughly proporUona t > . ! ' thC “ ruM th ™& the tube will 

falling regularly from the >dass tii> C ; ai ” 0llnt tension on the hose, the solution 
on the rubber tubin «■ j s so °easilv . 'Y YY ot . uniform size. Since the tension 
uniform, the drops can be vow' C .°! Ur ° led " lth one band and the flow is so 
at the desired moment Weanwhihfthe C0 . Unt ^ d a ’ ld the flow instantly stopped 
tube rack and its tubes' Zl T hand rcmahls to slide the test 

received its prettermbi 7 Y the until each tube has 

water may be measured thrnY lYY °* drops ot liquid. Saline and distilled 
A few trfX wfl * f ° SUmC aJ)paraU,S with only a rinsing between, 
distilled water is nceessarv f R f] ° J)Crat01 ' J’ Ust bow much saline and how much 

proper levels on the large test tubers Y ^ ' ,U p,aeed at the 

When not in use the ann-n-.h. i Vi V " HK ° m eonsei ' vl »g these substances, 
whole laid away fm 2 T ° M th * damp ] “ d ’ aad d ’ c 

3401 Xorth Broad Street 


SEDIMENTATION TIME OP BLOOD* 

Impro\ed Apparatus for Routine ok Research Tests 

IIerkekt P. MacNe.il, M.D., Philadelphia, Pa. 

T he o - ' • 

the sedimMtati^ra^btaorl^ USUally empIoyed in detel ' minillS 
described which non* „ . i °° d las been savec l by the use of the apparatus 

background. The tcclm] ' 'YY ^ tllbeS wilieh are rea d against a graduated 
graduated tubes ° ° * 1<? test remains essentially the same as with 

so fastened togethe/as to fo^ Z reetan » lllai ‘ P icces of wood or other substance 
a backboard which sunnorts t!! ° baseboard upon which the test tubes stand and 
drawn with the +■ . e tubes ;) nd which bears a millimeter scale easily 

is Z , 5 ™ Sht ^ «”d millimeter rule. One horisoutal li« 

board ' Th ,7", km Pla ' ,C ' ,|>on rtidl «« test tubes rest, i.e, the tase- 

blood citrate solution appeai^iii^the tub" T” 8 " 0 "* ,0 ““ ,cvel ‘f 

appeals in tlie tube when properly filled. The other mark- 

•Fi-om the Temple University Hospital 
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i«ss av, ,».,dv parallel l., Him "0 " line at 1« >«»>• iii«<--cvals. t met; Ua«. mat l» 

tana at 5 mm. intervals if .lesiml. The v„ vital scale (see I'llf. D m ..seal 

for .lcteriiiiliiiiK lira- level belwren Ihe veils ami plasma ... lire l.lla'S, nlneli mat 
be lva.1 aiSrcally to f, mm. ami la 1 »». !»' i..ta-.J.<.l..f..nr l.et'vvv,, the n cares 
lines of the scale. Horizontal lines at millimeter intervals are easil> ruled, bu 
to «s seemed unnecessary and contusing The scale is most easily drawn on wiute 
paper with waterproof ink, carefully fastened to the backboard in the desired 
position and then covered with a piece of transparent celluloid him such as is 
used as a base in photography and radiograph' . 

The test tubes are conveniently held in place with a continuous piece of 
soft brass wire which will not rust, become loose, or pull out. The lower row of 
wive loops should be placed about 7 mm. from the baseboard, instead of in the 



position shown in the illustration. When in the lower position they do not inter- 
fere with reading the scale, yet securely hold the tubes — the first requisite of any 
test tube rack. As shown, this rack accommodates tubes having an inside 
diameter of 15 mm., or any tube of smaller caliber. This feature enables one 
easily to study the effect of tube diameters upon the rate of fall without the 
necessity of graduating the tubes themselves. A set of eyes in the upper edge of 
the backboard will hold the rack at eye level when fastened to hooks or nails at 
the proper height on the wall. A set of eyes on the side is useful in swinging 
the rack from vertical fixtures such as pipes or the corner of a projecting shelf 
where the rack would be placed more conveniently than if it were against the 
wall. Since the tubes arc against the scale against which they are read and the 
rack is at eye level, there is a negligible error in making readings in this wav 
While the rack was made of quarter inch pine board, I should "think Bakelite 
would be the ideal substance. 
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In our sedimentation tests the 11 nun, tubes were, used 1'or routine, although 
larger and smaller tubes were used experimentally. Regardless of the size of the 
tubes, they may be prepared in the same way. With a millimeter rule, a single 
tile mark is made 7 mm. from the base upon which the tubes rest and another 
one 51 mm. from the base. The file mark is easily filled with colored crayon 
or India ink and the excess wiped off, leaving a mark clearly visible. 

In use, 2 per cent sodium citrate is dropped into the tube until the meniscus 
reaches the lower mark and blood is added until the meniscus of the mixture 
reaches the upper mark. The amount of citrate should be carefully measured 
because any appreciable variation from this standard amount will change the 
rate of fall to a greater extent than will any of the other technical procedures. 

3401 North Broad Street 


NOTE ON THE PROCEDURE IN THE KUTTNER-LICHTENSTEIN 
MIOROCOLORIMETRIC METHOD FOE THE DETERMINATION 
OF ORGANIC PHOSPHORUS* 


David Click, Pii.D., New York, N. Y. 


T HE mieroeolorimetrie method, developed by Kuttner and Lichtenstein 1 for 
the determination of organic phosphorus, involves digestion with sulphuric 
acid, aided by 30 per cent hydrogen peroxide of which the excess must be ie- 
moved, and addition of sodium molybdate and stannous chloride to form a blue 
color. The only uncertain and tedious step in the procedure is the removal oi 
excess hydrogen peroxide. 

In the original method this was accomplished by adding water to the denied 
digestion mixture, boiling down, adding more water, and repeating the piocess 
a number of times. From two to four hours arc required to decompose the 
hydrogen peroxide completely, and almost constant attention is necessary. - 11 
alternative method, requiring little attention, consists of keeping the tubes m a 
hot water-bath for two or three days, and replacing the evaporated watei fiom 
time to time. 

The present modification eliminates both the tedious and time-consumm„ 
factors. It is carried out in a simple way as follows: 

After the digestion mixture has been finally cleared (for some 
materials this may' take a few additions of hydrogen peroxide with snbseque^ 
heating after each), it is digested for three minutes after the first white umc 
appear. Care should be taken not to lose sulphuric acid b.v excesshe * un ™®’ 
since it has been shown 2 that, if the acid concentration in the final blue so 
is less than 0.9 N, additional color is produced. Accordingly, the hame 
be regulated so that white fumes appear in the bottom of the tube, but con 
farther up. 


•From the Laboratories of The Mount Sinai Hospital. 
Received for publication, September IS, 1333. 
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STOWE: TlU'llNH- FOlt KlNDlNtt l'()t VIOIOiMtS 1MMITIS 

At the temperature ol’ the boiling eoneent rated sulphuric acid, the tlnee- 
mimtte period is sufficient to decompose the excess hydrogen pcioxido. Hu: 
excessive time required iu the original procedure is the result oi the relathe 
stability of hydrogen peroxide at the boiling temperature ot the dilute acid. 

HEKKUKNCKS 

1. Kuttner, T„ and LielitenhUdn. I..: Micro t’olorimetrie Studies; Estimntiim of Organically 

Bound Phosphorus*. Sv^loiu ot" Analysis ot Phosphorous (_onipoun<ls m lBoou, J. 
Biol. Client. 95: 1561, 1922. 

2. Kuttner, T., ami Cohen, It. 11.: Micro Colorimetric Studies; Molvbdic Acid, Stannous 

Chloride Reagent; Micro Estimation of Phosphate and Calcium in Pus, Plasma, and 
Spinal Fluid, ,T. Biol. Cliem. 75: 517, 1927. 


A SIMPLE TECIiXlF FOR 


FlXDIXli COCTIDIOIDES I.MMITIS* 


W. P. Stowe, M.D., Sax Francisco, Calif. 


R EC'EXTLY, while searching fresh moist preparations of sputum from a 
case of coccidioidal granuloma, for the characteristic .spherical bodies, 
I found that they showed a strong iodine staining power. If enough Lugol’s 
or Gram’s iodine solution be mixed with the sputum or sinus tract pus to 



Fig. 1. — Coccidioides immitis, iodine stain ( X6t0). 


color the other cells a lemon yellow color, the coccidioidal bodies will take 
a rich brown tint within five minutes and can be located easily by the low 
power objective. 

Having seen no reference to this simple trick, I offer it to those who 
have occasion to look for these organisms. A large amount of material can 
be searched very quickly, and fat droplets or air bubbles that are confusing 
at least to those unfamiliar with the organism, can be quieklv excluded 
Fig. 1 shows the strong contrast produced. 


•From the Department of Pathology 
Received for publication, September 
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THE ESTIMATION OF ETHYL ALCOHOL IN BRAIN* 


R. J. Abernetiiv, A.B., E. R. Russell,! M.S., and C. II. Tiiienes, M.D., Ph.D.. 

Los Angeles, Calif. 


I. ALCOHOL IN EMBALMED TISSUES 


T HE identification and quantitative estimation of ethyl alcohol in the em- 
balmed body lias heretofore been difficult, if not impossible. Yet tissues 
from embalmed bodies are often sent to the chemist with the statement that 
alcoholism is the probable cause of death, and the chemist is expected to 
establish the point. We, therefore, planned experiments in the hope of de- 
veloping a dependable quantitative method, based upon the method of Gettler 
and Tiber. 1 


Briefly, the Gettler and Tiber method consists of a steam distillation of 
a weighed portion of the brain (500 gm.) ; an aliquot portion of the steam 
distillate is then treated with potassium dichromate and sulphuric acid, re- 
distilled. and an aliquot of the resulting acetic acid distillate titrated against 
twentieth normal sodium hydroxide. The percentage of ethanol is then cal- 
culated in terms of the sodium hydroxide titration. 1 c.e. of twentieth normal 
sodium hydroxide being equivalent to 2.3 mg. ethanol. 

Throughout, the procedure of Gettler and Tiber has been followed, ex- 
cept where modification lias been necessary to accommodate the amount o 
tissue used, and where the purpose of the experiment required. Prelmunaij 
to the investigation of tissue, standard mixtures of formaldehyde, methanol, 
and ethanol were used. The concentrations of ethanol in these mixtures weie 
approximately those found in brain tissue, viz., from 0.1 per cent to 0.6 P cl 
cent. The method of removal of methanol and formaldehyde is based on the 
ease of oxidation of these compounds to carbon dioxide and water. Acetic 
acid, the oxidation product of ethanol, is extremely stable. 


Direct distillation of the mixture from dichromate and sulphuric acid " as 
first tried. On titration the results were quite variable, and in most instances, 
the values were much higher than was warranted by the amount of e 
alcohol present. It was assumed that the increased acidity above that ^ 
acetic acid was due to formic acid, and no qualitative estimation o 
oxidation products was undertaken. This experiment, was repeated vith 
introduction of a preliminary period of refluxing before distillation. ^ ^ 
distillation and titration the results were in agreement with the amoun ^ 
ethanol present in the original mixtures. This was accounted for bj 
that in refluxing, the methanol and formaldehyde are oxidized to ca 


•From the Los Angeles County Health Department. Bureau of I^Doratot ‘%jJ orn ia. 
Legal Chemistry, and the Department ot Pharmacology, University of bouuiu 
Received for publication, September 22. 1933. 
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dioxide and water, while the oxidation product of ethanol, natueK acetic acid, 
is stable in the oxidizing mixture. The above results were duplicated man) 
times. 

The time ot’ refluxing was varied. It was found that from thirty to fort \ - 
live minutes at a slow boiling point was sutlieient tor complete oxidation. 

The above procedure was then applied to brain tissue of rabbits. The 
animals ranged from 1.5 to ‘dll kilograms in weight. 

Five rabbits were used for an estimation of a possible normal alcohol con- 
tent of the brain. They were housed for a period of one week prior to use, 
and fed upon carrots, lettuce, and whole bran. 

The animals were killed by the neck stroke, and the brain removed, 
placed in an agate mortar, and thoroughly macerated. The macerated tissue 
was then washed into a 2 liter flask to which were added 300 c.c. of distilled 
water, a few drops of mineral oil and 1 e.c. of saturated tartaric acid solu- 
tion. The flask was then connected to a steam still fitted with a Cummings 
bulb, and 300 e.c. of distillate was recovered. The entire steam distillate was 
placed into a 500 e.e. flask to which 20 gm. potassium dichromate and 40 c.c. 
of concentrated sulphuric acid were added. The flask was connected to an 
upright spiral condenser ancl 250 c.c. of distillate recovered. One hundred 
cubic centimeters of this distillate were titrated against X/100 XaOII. The 
titrations never exceeded 2.5 e.c. of the standard solution. An aqueous aeid 
control distillation carried out in the same manner gave the same titration 
figures. Due to the agreement in blank and titration of brain distillates, it 
was assumed for the purpose of the experiment that tlie brains were negative 
for alcohol. 

A second group of 5 rabbits were given by stomach tube, ethyl 
alcohol at a dosage of 6 gm. of ethanol per kilogram weight. The alcohol 
solution was of the strength of average alcoholic beverages (brandv, 50 per 
cent). The animals were killed, at one, two, five, ten, and twenty-four hours 
after the alcohol administration and the brains analyzed for alcohol, to de- 
termine roughly the time for development of maximum alcohol concentration 
in the brain. Table I shows the results of the experiment. 

A second group of 13 rabbits were given the alcohol solution in the same 
dosage (6 mg. per kg.). Five animals were killed after an interval of five 
hours and the ethanol content of the brain estimated immediately; 8 animals 
were killed and embalmed immediately, and the brain removed for analysis 
one hour later. Two more animals received half the above dosage (3 nn- per 
kg.) and were killed five hours later for analysis of their brahis. Finally 


UARBIT 1 

Table I 


4 

to 

11 

10a 

12 

1 hour 

2 hours 

5 hours 

10 hours 

24 hours 

PER CENT ETHANOL 

0.321 

0.325 

0.359 

0.27S 

0.0031 
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three animals received this latter dosage, were killed after five hours and were 
embalmed one hour prior to removal of the brain. Table II shows the results 
of the experiment. 

A control group of 5 animals were then killed in the same manner and 
embalmed. Upon analysis of the brain tissue the results were in accordance 
with those which were determined upon fresh brain tissue of control rabbits, 
the figures checking closely with blank titrations. 

SUMMARY AND CONCLUSIONS 

By modification of the Gettler and Tiber technic, introducing a period of 
refluxing of the dichromate-sulphurie acid step in the procedure, formaldehyde 
and methanol may be completely removed, so that only the ethyl alcohol frac- 
tion, namely acetic acid, appears in the final distillate for titration. Rabbits 
were used for the experiments. It seems safe to conclude that by this method, 
quantities of alcohol of medicolegal importance can be determined in brains 
of embalmed rabbits, and probably of embalmed human brains. 

II. A MODIFICATION OF THE GETTLEIt AND TIDEIt METHOD FOR TRACES OF ALCOHOL 

In the routine analysis of human brains for alcohol in the laboratory ot 
the Los Angeles County Health Department, wherein the method of Gettler 
and Tiber was employed, more than 100 brains were tested whose titration 
figure was 0.9 e.e. or less of 0.05N NaOH. Such brains were reported to the 
coroner as negative for alcohol. Recalling, however, that Gettler and Tiber 
found an average of 0.0015 per cent alcohol in normal brains by correcting 
for organic acids in blanks similarly obtained, an effort was made to modify 
the method to reduce the total titration instead of correcting for it. The fh'-d 


Table II 


UNEMBALMED BRAIN 

EMBALMED BRAIN 

G GM. ALCOHOL PER KG. 

G GM. ALCOHOL PER KG. 

NO. 

PER CENT ETHANOL 

NO. 

PER CENT ETBAAiWA. 

20 

0.3G 

A. 

0.3G 

22 

0.41 

B. 

0.2S 

23 

0.3S 

D. 

0.21 

24 

0.41 

E. 

0.52 

25 

0.45 

F. 

0.3S 



26 

0.32 



27 

0.44 



2S 

0.24 . 

3 on. 

PER KG. 

3 GM. 

PER KG. 

29 

0.15 

31 

0.16 

30 

0.15 

32 

33 

0.14 

0.07 S 


distillate from the brain contains alcohol and certain titrable organic con^ 
pounds; the second distillate contains similar titrable substances in ad 
to the acetic acid, resulting from the oxidation of the alcohol. Gettlei an^ 
Tiber calculated the normal alcohol present by subtracting the acidity o 
first distillate from the acidity of the second distillate. The present stuc y ^ 
based upon the supposition that the insertion of an alkaline distillation e we 
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first ami soeoml regular dfa.iUal w.ml.l hoi, l hark .ho mterteriug 

terials. The procedure was as follows: 

Five hundred grams of tissue was steam distilled to collect 800 «, Alter 
filtration. 300 e.e. was treated with 20 grams of potassium dielmmui e and 1 
e.e. of sulphuric acid and distilled to collect 250 c.c. Fifty e.e. was titrated tm 
the report to the coroner. Wlu-u the titration figure tor the »0 e.e- was 0.J c.c. 
0.05X XaOII, or less, the remainder of the steam distillate (o e.e.) was 
treated with 50 e.e. of 3X XaOII or the equivalent amount of Ca (OH)* » r 
the purpose of forming non-volatile soaps of contaminating organic acids. 11ns 
mixture was steam distilled to collect ;>00 e.e.. -500 e.e. was treated 
dicln’omate and sulphuric acid and distilled to collect 250 e.e. and the < -* n Fie 
distillate titrated. The figure for the reagent blank of 0.05 c.c. 0.05X XaOII 
was subtracted. One e.e. 0.05X XaOII is equivalent to 0.0010 per cent alcohol. 
This factor includes the correction of 90 per cent recovery in the acid distilla- 
tion besides the corrections of dilution and conversion of acetic acid to alcohol. 

Distillations from seven brains have been tested by the above procedure, 
with results as indicated in table ITT. 

Before further work on the problem was undertaken, the paper by Gettlcr, 
Xiederl, and Benodetti-Pichlom appeared, showing the average alcohol content 
of seven brains to be 0.0004 per cent, with a range of 0.00027 to 0.00055 per 


Table III 


! treated with ca(on). 


xo. 

FIRST ACID 1 
DISTILLATE 

SECOND | 
ACID DIS- | 
TILLATE 1 

ALCOHOL 
VER CEXT 

XO. 

FIRST 

ACID DIS- 
TILLATE 

SECOXD 

ACID DIS- 
TILLATE 

ALCOHOL 
PER CENT 

0.05 X 
Xaon 

C.C.* 

0.05 X 
xaon 

c.c. 

0.05 x 
xaon 
C.C.* 

0.05 X 
xaon 

c.c. 

Blanks 


0.65 


Blanks 


0.65 


2940 

3.5 

1.6 

0.0013 

3006 

4.5 

1.0 

0.0005 

2959 

5.0 

1.3 

0.0009 

3007 

4.0 

1.0 

0.0005 

2963 

3.5 

1.4 

0.0010 

300S 

4.0 

0.7 






301 « 

3 0 

0.7 



♦Calculated for 250 c.c. of distillate. 


cent. It will be seen that when Ca(OH). was used to prevent volatilization of 
organic acids in the steam distillation process, the alcohol values for two brains 
by the titration method approached the values obtained by Gettler, Xiederl and 
Benedetti-Pichler, using much more refined technic. The titration figures for 
two other brains by the Ca(OH). method were so close to the blanks that 
calculations of percentage would have had no significance. 

It is suggested that the figures for the Ca(0H) 2 distillation are low r er 
than those for the XaOII distillation because of the lower volatility of the 
resulting calcium compounds. 

Because present circumstances prevent further investigation of this type, 
and because of the closeness of the figures obtained by the modified distilla- 
tion process with those by the more difficult procedure of Gettler and his 
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“S;l;; zrir* „ 

amounts of alcohol in human tissue. determination of minute 

Stone, Director* of tlnf ^Burea^^Sorlmr^ ' T ' 'fT ent0Ur: 'S e *"«>t of Dr. it. y. 

oratories, Los Angeles County Health Department. 

1 rvm kefekexces 

• Gettler, Alexander 0., and Tii.nr i .i 

*■ o-a^a-afj- wurKs. asst- »— «- - ■* 

Pure, Anhydrous Rthvl \ i a,1(1 Bcne ‘ lctt i-Pieliler V ti.t ir 

a.., w «A A Jr*JSi% 5 ; 


ME D,A ZltrZw/ 1 T, 7 l ' Emo1 '' op CEKTA,X L0CAL 

IC,KS> m QgWB A ND IX TISSUES 0 

'' ’ *" G "“' B ' S " **- *** - U »», SPITTLE, W.tSH. 

E the liver. '’ThtaUiV “ l !°”' e ,‘ 1 "*"* i>™eaine is rapidly destroyed by 

eliminated in the urine of animals 'ey its hydrolytic products mere 

in the urine a few minutes ■ t> . • '■ Ia '° bound that it can easily be detected 
Riegel’s and Williams’ 3 lnn/nr*. 5* 1,1J cction 1,1 the tissues by application of 
form one needs only to odd - 1L<1 Ti* ^ diazo reae tion. In its most simple 
ammonia to observe the red o — 'n' 61 * sodium Strife, acetic acid, and 
of untreated urine. Am- *1 ~ G °" t°i'med, an( l compare the color with that 

etc., or their hydrolytic nroT'm °* C °*° r * s P roo± °t‘ the presence of procaine, 
because of contained n.„;„ 1 UC S SU<dl as lne ^ a or p-aminobenzoic acids which 
In a cadaver known to 0 !!" ^ b . al ' SH gIve colors "’ith the reagent, 
in reaction and then ext- n .‘ un P r °caine, comminuted tissues made acid 
produced with the pxtr- imV' " 1 -^ edlei ‘ " ave colors identical with the colors 
vation proves thaf n.-r, °- S V*”! * lssues llla( ^ e alkaline in reaction. This obser- 
death. p 0 r this reism ^ °^ ed * u the body, either before or after 

must involve the sena * accuiate quantitative analyses of tissues for procaine 
benzoic acid. 10U iH °caine and its hydrolytic product, p-amino- 

specimens of urinrexa mhied 1 i 1 0 “ - the d “ Z0 reaction as a PP Iied to 1;233 
these patients had received medic^^" 1 ! ° - “ Period ° f thl ' ee AI J 

only about o per cent of them I i as administered in hospital practice, and 
Seven nf ti 10 *•' ° had received procaine, 

receivin'*- m-oe-iin ^ !° U V 10W1D " a PParent positive test for procaine, but not 
positive Van den Ber^ tests ^ ^ ^ gaIIbladder disease; these urines gave 

not return for further invest ! ^ ^ ^ ****** 
dieatprl +i, 0 „„i O ation. When apparent positive tests were in- 

of "' ere UOt as tIisti " ct » s 111 the tests following ndnnnistra- 
tion or procaine. 

Received Laborato, - v - University of Washington. 
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Table I 


NUMllKU PATIENTS UECKIVIXO ITEOCA1NK 


TOTAL 

positive Arms 1 

NKOAT1VK 

1 HIE. 

2 UK. 

3 m:. 

! 

tin, 

30 

e,e. 

17 

11 

• » 

L 


0 


30 

e.c. 

2 

1 

0 

0 


l 

Wr, 

0-12 

e.e. 

39 

as 

1 

0 


0 

*z, 

12 

C.f. 

•> 


0 

0 


0 

arc 

.1 

e.e. 

4 

4 

0 

0 


0 


TOTAL NUMBER EXAMINED 


Urine examined 1,231! 

Receiving procaine 0 1 

Positive lirst hour >19 

Positive second hour 3 

Positive third hour 1 

Procaine negative (urine lost) 1 

Not receiving procaine hut giving apparent positive reaction 0 

Negative urine 1,1150 


Iu all eases not showing a positive test (luring the first three hours there 
was evidence of impaired kidney function with some retention of urine. 
Three of these patients had a high blood urea and creatinine. Morning urine, 
which showed a high degree of color, showed no reaction or change in color 
1,1 testing for procaine. As yet no specimens of urine except the seven 
mentioned above have given a test for procaine, except where procaine was 
given. 

SUMMARY 

Riegel’s and Williams’ test is a quick and reliable test for procaine and 
other aminobenzoic acid derivatives used as local anesthetics, when excreted in 
the urine or when present in the cadaver. Over 1,100 specimens of urine of 
patients not receiving procaine gave negative tests, except that a few cases gave 
apparent test when gallbladder diseases were present. Hydrolytic products 
of procaine were found in the tissues of a cadaver. 
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CAGE FOR MICE AND RATS* 


Allan W. Blair, and Emmett B. Carmichael, University, Ala. 


' | 'HIS type of cage lias been used by us for the past two years, and we feel 
that it possesses distinct advantages over other types of cages used here- 
tofore. In our experience some of these advantages consist in the prevention 
of food and bedding pollution by the segregation of each in a different com- 
partment, the ease and cheapness of construction, the greater accessibility of 
the animals, the ease of cleaning, the ease of observation of the undisturbed 
animal and the ease of transportation from plaee to place. The cage serves 
well for feeding experiments, breeding purposes, stock animals, and general 
experimental purposes. It is compact, economical of space, and may be 



placed on a narrow shelf. Waste cotton is employed for bedding and it is 
placed in the upper compartment. If so desired, the food may be placed m 
the upper rather than the lower compartment. 

Dimensions. — 11.25 x S.5 inches. 

Materials . — Galvanized hardware cloth (Vi inch mesh) for body, dooi, i® 
movable floor , and as a guard around opening between the two eompartmei 
(to prevent bedding material from falling through into lower compartmen > 
sheet zinc (% 2 inch) for floor of upper compartment, card holder, an 0 
form margin of door opening; sheet metal (% g inch) for band at bottom 
of cage and door catch; heavy wire soldered to edge of mesh door (to pirn 
additional strength and support) ; water container (6 inch test tube, ® 111d 
hole rubber stopper, glass tubing) fastened by detachable clips to su e 
body; enamel pan. 

•From the School of Medicine. University of Alabama. 
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DIPHTHERIA. MdWM* T«- - » * K " ““ 

Gill, D. G. Am. -T. I’"' 1 - Health 2-i. — , • 

. . . , . , vneiv MnX*A toxoid has rendered 100 per cent ot U* 

A single injection ot 1 c.c. I ^ j }00 of j.jiq children, or 00 per cent, 

Schick-positive children Sehiek-negutive. ^ two t0 thm . months after a single 

were Schick-negative when tested on an a ' cr,l » 1 ' observations on 10,'is'J inoculations 

»>««»• «w~> i— ,j ' ; ^ utr., « «***«• 

revealed S with abscess tormation. As . 

„ Tartorv Due to the Bacillus of Swine 

ERYSIPELOID, Among Workers in a Bone B T ° b HcaUh 2 -l: 32, 1934. 
Erysipelas, Me Ginnes, G. P-. and Spindle, F. Am. 

, . j . ndition occurred in a bone button faetorv 

Two hundred and ten cases or an erjsipe ^ wils a close correlation with the 

among individuals handling cattle or nog i > <■ • • freouent Repeated attacks 

handing o< ... bon. and ooonpo.lo- *■ ‘“ J “' “ " E « tamltj 

of ft. L.,« «,o (.«!«..•, •!'“ ~ nnd fro,., 

produced by on attack. Tto „t vnti.n, stages la the a.aaafaetute 

samples of bone, bone materia!, and bo bonus entering tie plant 

of buttons. For ridding .be P'»*» „ ,,eo, -ended, 

in the soaking vats to a temperature ot 144 

TUBERCULOSIS, Blood Culture in, Penfold, W. J., and Butler, H. M. Mtd. J. Austr 

2* t 337 1933, 

In three out of twenty cases of tuberculosis it was possible to cultivate Bacillus 

tubercl is from the blood by Lowenstein’s method. In the cultures from one other ease 

a“t Lanisms could be identified microscopically by means of smears made rrom the 

® thouch incubated for six montlis, failed to produce 

surface of the medium; but these cultures, though lncuimieu u > 

colonies visible to the naked eye. Subcultures from them likewise tailed to grow. 

The Lowenstein method of blood culture in tuberculosis is troublesome and time-con- 
suming in execution and gives so few positive results that the authors cannot believe that it 
is destined to render any great service to the clinician in the diagnosis ot tuberculosis. 


DIABETES, Insulin Resistance in, Mac Bryde, C. M. Arch. Int. Med. 52: 932, 1933. 

Attention is called to the frequency of occurrence of relative resistance to insulin in un- 
complicated cases of diabetes mellitus. 

Clinical studies of two cases of insulin-sensitive and three cases of insulin-resistant 
diabetes are reported. 

In two of these patients resistance to endogenous insulin was apparently broken, an 
overdosage of insulin being followed by marked improvement in carbohydrate tolerance. 

The clinical characteristics of the insulin-resistant type as distinguished from the in- 
sulin -sensitive type arc outlined. 

Reported cases of insulin resistance may be grouped as follows: 

(a) Unexplained, such as the five cases reported in this paper. Insulin resistance is 
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usually of mild or moderate degree in this group. Hyperactivity of the suprarenal-sympathetic 
system is suggested as the cause of this type of resistance. Many of these patients might be 
termed constitutionally resistant. 

(b) Infection. 

(e) Destructive pancreatic disease. 

(d) Disorders of other endocrine glands, particularly the thyroid, pituitary and supra- 
renal glands. 

(e) Hepatic disorders. 

(f) Miscellaneous conditions such as acidosis, coma, diseases of the skin and cardiac 
decompensation. 

The value of determining the relative responsiveness to insulin for treatment as well 
as for further study of diabetes is emphasized. 


MYELOSIS, Aleukemic, Baldridge, C. W., and. Fowler, W. M. Arch. Tut. Med. 52: S52, 

1933. 

Ten cases are reported in which a common feature was myeloid hyperplasia. 

Two cases were ordinary instances of Icuccmic myelosis, except that in the course of 
each there developed an almost completely alcucemic period. In one case the aleucciuic 
period was thought to he due to irradiation of the spleen; in the other, it was “spontaneous. 

Four cases thought to be diffuse hyperplasia of the myeloid tissue were characterized b) 
severe anemia, leueopenia, a few abnormal leucocytes, secondary hemorrhagic purpura, changes 
in the bones and extramedullary collections of myeloid cells. 

Two cases were indistinguishable from ordinary multiple myeloma, except that tin. 
tumors were made up of myeloid cells instead of plasma cells. One case presented eheniieul 
changes sometimes seen in multiple myeloma of the plasma cell type. 

In the last two cases extramedullary myeloid tumors were present without definite 
evidence of disease of the hone marrow. 


ANEMIA, Macrocytic in Disease of Liver, Vau Duyu, J. 2nd. Arch. Int. Med. 5-. i 
1933, 

An introductory case illustrating the occurrence of macrocytic anemia in eirrhosi 
the liver is briefly reported. 

References from the literature show this to be a widely recognized syndrome. ^ 

Three cases of disease of the liver are reported in which personal stud} has con :r 
the macrocytic character of the anemia. 

Twenty-eight cases of hepatic cirrhosis were reviewed from the records of the S}r.v 

University Hospital. Macrocytic anemia was found in si eases, or IS per cent. 

, a Diseases of tnc 

The mechanism producing a macrocytic type of anemia is discussed. “ 
liver is given a place in this mechanism. 


SCHtJLTZ-CHARLTON TEST, Fischer, A. E., and Kojis, F. G. Am. J- D‘- s - CluUL 46 ' 
12S2, 1933. 

, • [Od eaSCS tliO 

From a study of this reaction as well as the calcium blanching test. 1 
authors conclude that*. 

The Sclmltz-Cliarlton test is specific for the rash of scarlet fever. _ ^ j v 

A 10 per cent solution of calcium gluconate will cause slight blanching 1,1 a etion, 
cases of scarlet fever in which a mild or moderately intense rash is present. anti . 

however, is not so constant or so persistent as that obtained with dilute scar 

toxin. ^ ^ totally different. 

The actions of calcium and of antitoxin on the rash of scarlet fever are 
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Tin 1 fact Ur.it calcium will blanch a 
of the SchulU-fhatltou test. 

The Schultz. Charlton test, provided 
early diagnosis of scarlet fever. 


rash does not in any way iletraet from the validity 
its limitations are understood, is invaluable in the 


MALARIA, A New Antigen for Henry's Reaction, Llvicrato, S., Vagliano, M., anti 
Constantacato, G. tireee Med. 31: 177, liKii*. 

The sac of a cuttlefish with its contents is cut up into small pieces and put into a sterile 
tube; 40 e.e. of sterile distilled water are added, and (MG e.e. of formalin. After twenty-four 
hours at room temperature, the supernatant lluiil is pipetted off; it is kept in the ice chest lor 
two months before Use, anil is shaken daily. It is diluted to make a slightly Idarkish lluiil 
just before use. The results are the same as those obtained with Henry’s ox-eye melanin. 


SYPHILIS, Blood Cytology in Treated and Untreated, Rosahn, P. D„ and Pearce, L. Am. 

.1. M. Sc. 187: SS, l 'All. 

From a study of the blood cytology of 120 treated anil S7 untreated syphilis patients 
it was found that : 

Treatment causes a fall in the total white cell count, the platelet count, and the 
relative and absolute numbers of neutrophiles and monocytes, and a rise in the relative and 
absolute numbers of lymphocytes, anil per cent hemoglobin, from values observed in the un- 
treated cases. 

No significant differences were noted between the mean blood cell values of the primary 
and secondary untreated patients. 

A marked anemia was the outstanding feature of the blood cytology in the untreated 
tertiary disease. This anemia was absent in patients whose treatment was begun in the 
tertiary stage. 

No differences in the blood cytology of treated patients were noted when treatment had 
been begun in the primary, secondary or tertiary stages of the disease. 

A monocyte-lymphocyte ratio higher than 0.55 was more frequent among untreated 
patients anil a monocyte-lymphocyte ratio less than 0.55 was more frequent among treated 
patients than would be expected from random association. 

In a group of persistently treated patients, repeatedly negative serology was more 
frequently associated with a monocyte-lymphocyte ratio less than 0.45, with lymphocytes 
higher than 1,350 per e.e., and with monocytes less than 700 per c.c.; and persistently positive 
serology was more frequently associated with a monocyte-lymphocyte ratio higher than. 0.45 
with lymphocytes lower than 1,350 per c.c., and with monocytes higher than 700 per e.e. than 
would be expected from random association. 

The changes observed in the cytology of the treated patients as compared with the un- 
treated patients were similar in direction and affected the same cells as the changes observed 
in the spontaneously regressed experimental disease as compared with the period of lesion 
activity. This similarity lends additional weight to deductions drawn from the experimental 
disease as applied to human syphilis. 


ANEMIA, Aplastic, Analysis of So-Called, Thompson, W. P., Richter, M. N and Edsnll 

K. S. Am. J. M. Sc. 187: 77, 1934. 

Thirteen cases of “aplastic” anemia have been studied. In all, the disease was char- 
acterised clinically by a progressive decrease in the number of erythroevtes, leucocytes and 
platelets, a progressive bypoeytliemia. In all, evidences of attempted regeneration were noted 
in the peripheral blood. 

The marrow revealed a wide variation in microscopic appearance. In only 1 0 £ the V> 
was the marrow aplastic. In 2 it appeared hypoplastic, in o it was mnrr.w - V 

8 1 "'" ™ -*•— " ” tM *«•**. »< ... « ..... fizti 
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It is felt that many of the restrictions and limitations placed on the clinical and 
pathologic diagnosis of “aplastic” anemia should be removed and that progressive hypo- 
eythemia alone should be sufficient reason for making the diagnosis, provided leucemia can 
be excluded. 

The lack of correlation between the blood picture and bone marrow morphology has 
been discussed. It is felt that examination of the peripheral blood may be, at times, no 
index as to the condition of the blood-forming apparatus. Specifically, progressive hypo- 
cytliemia as observed in these eases is not, in itself, sufficient evidence on which to postulate 
the presence of aplastic bone marrow. 

This strongly suggests that it is quite possible to have serious interference with the nor- 
mal processes of development, maturation and delivery of blood cells without evident alteration 
in the cellular content of the marrow. 


B. COLI HEMOLYTICUS, Clinical Significance of, Niles, W. L., and Torrey, J. C. Am. X 

M. Sc. 187: 30, 193-1. 

Strains of B. coli possessing hemolytic properties are frequently isolated from human 
feces (31 to la per cent of stools). They are somewhat more often found and in larger 
numbers in feces from patients with disorders relating to the digestive traet. 

There is no distinctive difference either as regards morphology or cultural characteristics 
in the hemolytic B. coli strains isolated from the stools of normal or sick people, although 
those from the former group have seldom exhibited any virulence. 

The authors have been successful in relieving the swptoms of toxemia by autogenous 
vaccines. B. coli hcmolyticus has thus been eliminated from the feces in 93 per cent of then- 
cases. They have recurred in 3 per cent after one year or longer. 

Vaccination is the only method for eliminating B. coli hcmolyticus from the human feces 
which the authors have found effective. 


TISSUE, The pH of EonuaUn — A Factor in Fixation, Burke, F. V. Am. X Path. 9: 915, 
1931. 

The following formula is recommended as superior and giving excellent results with all 
staining methods: 

Distilled water 75 c.c. 

Commercial formalin 25 c.c. 

Pure pyridine 5 c.c. 

BRUCELLA INFECTION, A Study of the Opsono-Cytophagic Power of the Blood and 
Allergic Skin Reaction in, Huddlesou, I. F,, Johnson, H. W., and Hamann, E. B. - m - 
J. Pub. Health 23: 917, 1933. 

The studies conducted on citrated blood of human beings who were known to 
undulant fever in past years and shortly after recovery, who are actively infected, or ^ 
have no history of the disease, show that the in vitro activity of the polyuiorphomic 
in whole citrate blood for Brucella is an expression of immunity to Brucella and an in i 

The absence of or a low phagocytic 


ridence of susceptibility 


of the progress toward recovery in active infection. 

activity obtained in conjunction with a negative allergic skin test is ev 

to Brucella infection. Infection in an individual is indicated by a positiie aller B ic s ^ 
obtained with Brucella nucleo-protein in conjunction with negative or low opsoiio ej 
activity of the whole citrated blood for Brucella. 

The technic followed by the authors is described below: jeter- 

Determination of Opsono-Cytophagic Power of Blood: The method adopted 
mining the opsono-eytophagic power of blood for Brucella is a modification of t y re3 h 

Veitch technic and consists of mixing equal quantities of a citrated (0.8 P er g in . 

blood and a heavy bacterial suspension of living organisms in small V^ssermann^^ 
cubating at 37° C. for thirty minutes, and subsequently making spreads an s 
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Hastings stain. The addition of a definite amount of sodium citrate presents clotting of the 
blood and inhibits the action of itrucella opsonin* which are present in the. scrum of many 
normal individuals. 

Preparation of Moot! Sjnciuun: The blood specimens are collected in 5 c.e. amounts 
in glass vials in which has been placed U.ti c.e. of a 20 per cent solution of sodium citrate 
in physiologic salt solution. The linal dilution of sodium eitrate in the blood is 0.S per 
cent. The test should be conducted on the specimens within six hours after collection pro- 
vided they are kept in a cool place. The polymorphonuclear cells in blood disintegrate 
very rapidly when it is kept warm for two or three hours. The specimens should be 
thoroughly shaken directly bet'ure mixing with the bacterial suspension. 

Bacterial Suspension; The bacterial suspension is prepared fresh each day by suspend- 
ing several loopfuls of the growth from a forty-eight-hour liver agar slant culture in sterile 
physiologic salt solution of P„ 7. The turbidity of the suspension should give a reading of 
approximately 2 cm. when measured with the Oates apparatus. Suspensions of any of the 
three species of Brucella tire suitable regardless of virulence. 


The Test: Into clean small glass vials, such as are used for the agglutination or 
Kahn test, are placed 0.1 e.c. of the whole btood and 0.1 c.e. of the bacterial suspension. 
After mixing thoroughly, the vials are plac-d in an incubator for thirty minutes at 37° C. 
Certain strains of Brucella tend to become “last” to ingestion by the cells after being 
transferred daily for many weeks. If a culture is being used daily for the test, it should be 
checked frequently for “fastness” to phagocytosis against whole citrated blood from a known 
immune person. Continuous agitation during the period of incubation tends to inhibit 
phagocytosis. Considerable sedimentation of the blood cells takes place during the incubation 
period. The cells should not be resuspended by shaking after the period of incubation. 
Directly after removing the tubes from the incubator, a small amount of sedimented cells is 
removed by means of a finely drawn capillary pipette to which is attached a small rubber 
bulb. A drop of the cells is placed at one end of a thoroughly cleaned and polished glass 
slide, and drawn across the slide by placing the end edge of another slide at such an angle 
that the spread thins out and terminates at or near the middle. In a spread of this type, 
most of the leucocytes may be found near the terminating edge of the spread. The blood 
film should be dried as rapidly as possible to prevent shrinking of the leucocytes. Rapid drv- 
mg may be obtained by placing the slides in front of a small electric fan. A small heating 
unit from an electric heater, if attached to tfie front of the fan 3nd operated simultaneously 
will greatly increase the speed of drying. 


Staining Spreads; The slides are placed face upward on a suitable rack and the spreads 
covered with 0.5 e.c. of Hastings stain. After an exposure of fifteen seconds, 1 c .c. of dis- 
tilled water is added to the stain on the slide. At the end of ten minutes, the spread is 
gently washed from stain with distilled water and dried in front of an electric fan 

Estimation of the Degree of Opsono-Cyiophagic Activity: The size of the organism in 
question and the marked degree of phagocytosis which occurs in cells from immunes has 
necessitated the employment of a different system of recording pliagocytie aetivitr from that 
which is commonly used in studies of this nature. In routine work, a total of 9.5 cells is 
counted in different sections of the spread and each cell is recorded as negative when no 
phagocytosis occurs, as slight when from 1 to 20 bacteria are seen in the cell, as moderate 
when from 21 to 40 bacteria are found in a cell, and marked when the number of bacteria* 1 ; ° 
the cell is above 40. The bacteria are so numerous in those cells showing marked Dhaeoc-rw;! 
that it is impossible to count all of them. 1 s * 03ls 


It is realized that the foregoing method of measuring degrees of phagocytosis is onlv 
approximate. It was adopted after making thousands of examinations by differs methods. 
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Books and Monographs for Review should he sent direct to the Editor, 
Br. Warren T. Vaughan, Professional Building, Richmond, Va. 


Influenza, With Special Reference to the Part Played by Pfeiffer’s 
Bacillus, Streptococci, Pneumococci, Etc., and the Virus Theory* 

T NFLUEXZA, because of its terrific morbidity and mortality, is, without doubt, one of the 
1 most important of all epidemic diseases. It is natural, therefore, that the literature con- 
cerning it lias reached literally enormous proportions with little evidence of slackening in the 
flood of contributions. 

While there has accumulated as a result a tremendous amount of information, it is ques- 
tionable if it has ever before been gathered and correlated in one place. 

To organize, abstract, and summarize this information is the purpose of this study, the 
completion of which will require two volumes. 

In the present ninth volume of the Annals of the Piekett-Thomson Research Laboratories, 
which constitutes Part I of the Sixteenth Monograph from this source, the nomenclature, and 
history, as well as the clinical character of influenza, its varieties, symptoms, diagnosis, 
prognosis, mortality, and epidemiology are considered at length anil in some detail. 

In Part II, to be issued, the study will he rounded out by a consideration of the 
bacteriology of the complications of influenza as well as of the pathology, treatment, an 
prevention of the disease. 

When completed, the monograph will represent a comprehensive survey of the literature 
of the investigations of this disease, summarizing the information contained in o\er 4, 
papers and present as well an account of the author’s researches during the past fifteen jiars. 

Those familiar with the previous monographs from this source will undoubtedly rcccnc 
the present one with equal interest and recognize it as a contribution of undoubted ruhie. 

The role of Pfeiffer 's bacillus is considered at length, the authors presenting as the 
own conclusion the belief that, while not the primary cause of true influenza, this organise 
plays an exceedingly important role in the production of the dangerous complications so coi 
monly encountered in this disease. 

They emphasize the importance and necessity for symbiotic studies in future iiivesti„a 
tions, an avenue hitherto subjected to hut little consideration. 

Like many others, the authors are strongly impressed by the symbiotic importancc^^ 
streptococci in influenza and the fact that B. influenzae, streptococci and pneumococci ^ ^ 
growing together enhance each other’s virulence. They believe that the pneumococcus, '' 11 
without special significance in the direct etiology of influenza, plays an important secon . 
role and directly influences the course of the infection. The evidence concerning the Baclertm 
pneumosintes they consider as yet inconclusive. 

While the studies concerning the role of a filter-passing virus in the production of 
fluenza are as yet incomplete and sometimes at variance, the Thomsons believe that ie 
suits of more recent work are consistent with the view that cpidemie influenza m 111(111 
caused primarily by a virus infection, although further intensive study is needed. ^ 

Although space precludes any survey in e.xtenso of this publication, enough has 
said to indicate the importance of this contribution to what lias been and, to a gieat ex 
is, one of the most baffling problems of medicine. 

•Influenza. With Special Reference to the Part played by Pfeiffer’s ^Research 

Pneumococci, Etc., and the Virus Theory. By D. and R. Thomson, Pickett-inon - , re Md. 

1 obor.itnrv Tnnfiftn. PnBflt’. no. Willinms fc. Wilkins Co., -t* 
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Die physikalisclie Seite des Blutgerinnungs problems und ihre 
praktiscbe Bedeutung'” 

M ANY are tl»e theories tliat have been set up to explain the dotting of blood, many are the 
studies that have been made to determine the ehemieal processes involved. Practically, 
it is well known that the physical surface with which the blood is in contact has much to do 
with the c‘lottin<». In the live normal blood vessels the blood does not clot, in contact with the 
tissues and most foreign substances it does clot. However, the speed and the completeness 
of the dotting process vary greatly according to the surface with which the blood is in 
contact. Paraffin greatly delays clotting, glass produces rapid and strong clotting. A 
smooth, polished surface lessens dotting, a rough surface favors clotting. A substance with 
a low surface tension decreases clotting, high surface tension favors clotting. How can 
these facts he used practically! In the production of antitoxin a strong clot is desired to 
favor the full separation of serum; in the clinical transfusion of blood dotting is not desired. 
To lessen dotting, the needle with which the blood is drawn should he polished on the inside 
quite as well as on the outside as a. rough surface favors dotting. The blood should not be 
allowed to touch glass as glass favors dotting by its liigli surface tension. A layer of 
paraffin on the surface of the glass lessens dotting but also lessens visibility. Lampert 
has found that amber lessens dotting almost as well as paraffin and is transparent. He hopes 
to find some substance that can replace glass entirely and practically eliminate the danger 
of dotting. Amber is a natural resin and now with all our synthetic resins such a hope may 
he realized. 


Ergebnisse der mediziniseben Strahlenforscbungt 

'PHIS stately sixth volume of 050 pages maintains the high standard set by the preceding 
1 volumes. Its 470 cuts are well selected and excellently printed on good paper. A wide 
range of subjects is covered as is shown by a few of the chapter headings: "Skin erythema 
and roentgen rays” by Alfred Reisner of Frankfort. Thi3 is a study of the various factors 
in the production of erythema, such as the quality and quantity of the rays, the effect of 
divided doses, season of the year, etc. It has 44 cuts and about 220 references. "The 
roentgenotherapy of arthritis deformans,” l>y Gunther von Pannewitz of Freiburg. This is a 
study based on the treatment of more than 1,500 aTtliritic joints and experimentally induced 
arthritis in animals. It has GO cuts and about 100 references. "Roentgen diagnosis in 
obstetrics” by Paul II. Schumacher of Giessen. This demonstrates how helpful the x-rays 
can be in obstetrics. It has G5 cuts and about 500 references. "The roentgenological 
demonstration of diverticula in the intestinal tract” by Ludwig Bayer and Hans Pansdorf 
A rather complete monograph giving the anatomy, physiology, origin, elinieal significance and 
treatment. It has 77 cuts and about 3U0 references. 


Handbucb der biologiscben Arbeitsmethodeni 

THIS part 412 of this mammoth work contains chapters on determination of the respiratorv 
1 quotient in surviving tissues, the various forms of the Helm respiratory apparatus measure- 
ment of the basal metabolism with the Simonson apparatus, and an apparatus for the annlvsis 
of gases from respiration chambers for men and animals. ^ 


♦Die physikalisehe Seite des Blutgerinnungsproblems nnri sv,^ . .. 

(The Physical Aspects of the Clotting of Blood and Their Practical sTSn Bedeutung. 
Lampert. Georg Thieme, Leipzig, 1931 . tactical Significance. > By Heinrich 

rErgebnisse der mediziniseben Strahlenforschim~ /rm,_ n . 
tlons of Radiation. ) Band 6. Georg Thieme, I>dl>zFg.' 1933! Resu,ts of ff >e lledieal Investiga- 
« tHandbuch der biologiscben Arbeitsmethoden. Liefemn^ jio 

ban und Sehwarzenberg, Berlin, 1933. i-ieierung 412. By Emil Abderhalden. Hr- 
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Stedman’s Medical Dictionary* 

H OW can one review a dictionary other than by remarking on the number of new words 
that have been added and concluding with a sophistry cn the rapid growth of the language 
of the medical sciences i Tin's can be done briefly. Over a thousand words have been added 
since the last edition three years ago. The language is grooving by at least one new word a 
day. But in this book one does find more, deserving of mention. It is to be found par- 
ticularly in the preface to the first edition, written Iweuty-fivo years ago. In it, the author 

backed by his wealth of previous editorial experience classifies himself unequivocally as a 
purist in etymology and nomenclature. He states his reason for his general principles of 
sc-lection of spelling, clearly and logically. In the earlier days of this particular dictionary 
this was nu uphill Sight, in which the editors of some of the leading medical journals offered 
no cooperation. However, as the author states, the general principles for which he has con- 
tended have gradually been adopted not only in the general medical literature but also in the 
other two outstanding medical dictionaries. 

The volume is an authoritative reference dictionary, which possesses a distinct ad- 
vantage in that it is still being edited by the man who started it and who has still been able 
to develop it along the same clear-cut lines on which it was started and without changes of 

policy which sometimes tend to confuse the general plan. 


Handbuch. der Chemotherapiet 

T HIS is the first part of the great work on chemotherapy which proposes to gather up and 
present systematically all the work that has been done so far in this great field. This first 
part includes only the nonmetallie organic compounds, but it runs to 050 pages. It includes 
such important compounds as quinine, emetine, cod liver oil, germauin, chenopodium, salicjhc 
acid, sautonine, chaulmoogra. oil, and hundreds of others. For all of the important ones it 
gives the chemistry, the preparations, the chemical derivatives, tho pharmacology, the animal 
and clinical experiments, the uses and extensive references to the literature. For example, 
after 25 pages given to other chinoliuc derivatives, SI pages are given to quinine and its 
derivatives with ton pages of references. Emetine gets 33 pages, chaulmoogra oil and similar 
unsaturated oils 35 pages, etc. It is a veritable mine of information. 


- nv Thomas LathroP 

♦Steelman's Medical Dictionary. A Practical Medical Dictionaij. £>>„ n(i „[ the 
Stedman, A.M., M.D. Editor of the “Twentieth Century Practice of Med cine Record ... Twelfth 
erence Handbook of the Medical Sciences." Formerly editor of the mem 

edition, revised, illustrated, cloth, William Wood and Company. New r°' * Scblossberger. 

fHandbuch der Chemotherapie. Brster Teil. By Viktor Fischl and 
Fischers Medizinische Buchhandlung-, Leipzig, 1932. 
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The laboratory Diagnosis o£ Cndblamt Fever 

i Mediterranean fever and now recognized as 

THE disease first known a - „ B > s abortion disease" in cattle, 

1 indistinguishable in As et.o Wj ^ ^ o£ it , . . Mediterranean 

has well borne out tbe prnpu y ~ f evolution and tending to become 
(undulant) fever is m e ccount o£ its manifestation and chronicity, 

chronic. It is a mala y w i ’ and stu bbomest diseases llediter- 

will become one of tbe most com 

rauean lever is a disease : of in tlie now relative* volumi- 
n„n,“ BrleUesis, as the M. tta. to this group .£ organisms, 

thC> ^Recent interest mid tbe modern investigations of undnlant fever began 
vitb tbe appreciation of fact, first suggested by tbe work of Evans and tbe 
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later studies of Meyer and Shaw , 3 and corroborated by those of other work- 
el’s, that the organisms in this group, whether of human, porcine, caprine, or 
equine variety are all alike pathogenic for man and widespread in their dis- 
tribution. 

Whether they are each separate species or simply varieties of a single 
species is still under discussion and, for the clinician, possesses practically only 
an academic importance. 


The fact that all are pathogenic for man and responsible for clinical syn- 
dromes by no means always clear cut or readily recognized is a matter of 
definite clinical importance; but the problem thus presented to the practitioner 
is fortunately rendered relatively easy of solution through the proper utiliza- 
tion of various laboratory procedures which have been developed aud which 
are now more or less generally available. 

Brucellosis, or undulant fever, in man may be seen in four types: malig- 
nant, intermittent, undulatory, and ambulatory not. always, however, clear-cut 
or readily distinguishable as the disease has a marked tendency to change its 
type as it progresses. 

The ambulatory and undulatory forms, together with the chronic and sab- 
elinieal infections, are those most often presenting diagnostic difficulties, as 
the disease has not infrequently been found to be the explanation of obscure 
periodical fevers, arthritis, and intestinal and abdominal disorders and has been 
confused with tuberculosis and typhoid fever. 

Very early in the study of human brucellosis the value and diagnostic 
significance of agglutination reactions became apparent so that this method vas 
for some time regarded as having a value equal to, if not even greater than, 
that of the Widal test in typhoid fever. 

Many studies soon showed, however, that the clinical interpretation and 
significance of positive agglutination reactions with Brucella antigen suspen 
sions were influenced by a variety of factors. 

Probably no one has been more closely associated with the investigation of 
brucellosis, nor has become more familiar with all its phases than Huddleson, 
whose studies, indeed, are responsible for much of the information non a ' ai 
able concerning this disease and who may well be regarded as one of the out 
standing authorities on the subject, especially as concerns its laboraton stucj 
and diagnosis. 

Huddleson ’s rapid slide method for the performance of the agglutina 
tion test, for example, lias long since been recognized as a standard pioee i 
and his recent monograph 3 presents in an admirable and thorough liiannei t ie 
present status of the laboratory diagnosis of this disease. 

The procedures of value in the laboratory diagnosis of undulant 
are: the agglutination test, the allergic test, and the estimation of the 
of opsono-eytopliagic activity, all of which are especially valuable 
the majority of instances, the detection of the organisms by eultiue ias 


been possible or feasible. ^ man . 

The determination of agglutinins, whether in the serum in the 
or in the serum or milk in the ease of animals is a procedure oi giea 
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which, by means of Iluddleson’s rapid slide method may he carried out prac- 
tically anywhere. 

When the macroscopic test tube method is used it must he recognized that 
the result may he intluenced by a variety of factors among which, as determined 
by the work of Fitch and his cmvorkers 1 ’ ■’ and of Henry and 'I ratlin," the 
more important are : 

1. Hemoglobin in the serum, causing nonspecific agglutination. 

2. Heating serum to 5fi° C. or over, which lowers its agglutination titer, 
an effect also produced by storage of the serum. 

3. Excessive antigen turbidity which tends to decrease the titer of the 
serum. 

4. Formalin or tricresol as preservatives which retard and may even 
inhibit agglutination. 

5. Insufficient incubation of the test. 

6. Presence of agar in the antigen, which may cause nonspecific ag- 
glutination. 

7. Presence of thermolabile strains in the antigen which may be aggluti- 
nated by negative serum and not by positive serum. 

While the vapid method of Huddleson, devised particularly for the exami- 
nation of cattle, may also he used for tests of human serum, it is important to 
emphasize that the results cannot be given a similar interpretation as a nega- 
tive reaction, even when repeated, does not necessarily signify an absence of 
infection, nor does a positive reaction even in high dilution furnish proof of 
an active infection, as it may be the result of past infection, either clinical or 
subclinical, or the result of exposure to infective materials, as in the ease of 
veterinarians, dairy and packing-house workers and the like. 

The results of agglutination tests in man must always be considered in the 
light of the history and other confirmatory tests. 

The demonstration of allergic reactions as a method of diagnosis in the 
human being has been studied by various workers, Burnet 7 using a culture 
filtrate and Giordano 5 a killed suspension. 

The determination of the opsonocytophagic power of the blood as an index 
of brucellosis was introduced by Huddleson, Johnson and Harnann 9 and bids 
fair to be definitely useful. 

From the correlation of all these methods very valuable and clear-cut in- 
formation may be obtained which has been presented by Huddleson 1 ' 0 in the 
tabular form (Table I). 


Table I 


AGGLUTINATION 

TEST 

ALLERGIC SKIN 
TEST 

OPSONO-CYTOPHAGIC 

POWER 

STATUS TOWAKD 
SRVCELL X 

0 

0 

0 


o - 
o - 
0 - 
60 - 
60 - 

-0% of cells slight 
40% of cells marked 
40% of cells marked ' 
100% of cells marked ' 
100% of cells marked 

Susceptible 

Infected 

Infected 

Immune 

Immune 
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The application of these methods to the future study of brucellosis in 
man will undoubtedly dear up many obscure clinical problems and add still 
more to the increasing understanding of this now widespread infection. 
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CLINICAL AND EXPERIMENTAL 


the FRIEDMAN RABBIT OVULATION TEST IN DIFFERENTIAL 
OBSTETRIC DIAGNOSIS 0 


Arthur G. King, M.D., .M.S., New Orleans, La. 


/^\NE of the notable recent advances in medicine has been the development of 
^ the biologic tests for pregnancy based on the fundamental discoveries of 
Smith, Evans, Long, Simpson, Aschheim, Zondek, and others. In this country 
the original Asehheim-Zondek test has largely been supplanted by the simpler 
modification of Friedman. 1 The principles and technic are well enough known 
to need no further description here, but although the results of the original 
Asehheim-Zondek test have been analyzed by many authors, there has been no 
recent compilation and discussion of the Friedman test. And yet an under- 
standing of the limitations as well as the value of this biologic method of 
diagnosing pregnancy is essential for its intelligent use by the many physicians 
to whom it is now available. 


In addition to the new cases added here, the literature through March 1933 
has been thoroughly combed, and every report listed in the Quarterly Cumula- 
tive Index Medians, with the exception of a very few in certain foreign lan- 
guages, carefully analyzed. These have been studied for comparison of technic 
percentage accuracy, the cause of false results, and the types of cases in which 
it has been used. A summary is presented in Table I. 

In all, 5,225 eases have been presented by 34 authors, but for analysis snf 
hciemdetads are given of only 4,515. The gross, uncorrected error i s 3 9 pet 
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cent. The false negative findings have been divided into three sorts: 82 due to 
limitations of the test, 13 due to technical flaws admitted by the authors, and 54 
that cannot be explained. The latter group, together .with the 26 false positive 
findings, amount to 1.8 per cent. 

A positive reaction is expected if a suitable rabbit is injected with a quantity 
of urine containing a sufficient amount of the prehypophyseal hormone. This 
hormone is generally considered to be elaborated with explosive suddenness 
shortly after fecundation. Positive tests have been reported as early as ten or 
twenty days after the known fruitful intercourse. In the author's series the 
earliest was in a woman with great irregularity' of menses, who delivered a seven- 
pound child 260 days after the test was made. On the other hand, at least 48 
eases have been reported (including 3 of this series) where early tests were nega- 
tive, while later tests have proved correctly positive. The explanation may he 
that the prehypophyseal stimulation did not occur to the usual extent or else the 
eliminative threshold of the kidney was different than that usually found. In 7 
eases reported, the test remained negative until the fourth or sixth month. 
Hence, the first limitation of the correctly performed test is that a negative read- 
ing does not rule out early pregnancy. 


Table I 


Summary or Cases Reported in the Literature 


AUTHOR 

TECUNIC 
(SEE TEXT) 

NUMBER 

CASES 

NUMBER 

false 

POSITIVES 

Friedmau-Lapham 2 

FL 

92 

0 

Martina 3 


100 


Magath-Randall 4 

MR 

So 

i 

Beasley 3 


45 

0 

RharayG 

FL(24 hr. 

) 56 

0 

Dorn, et al. 7 

S 

120 

0 

Wilson-Corners 

wc 

198 

1 

White-Severance 3 

FL 

40 

0 

A. Brouliai® 

B 

171 

0 

Brindeau-Hinglais 11 

B 

32 

0 

Davis 12 

S 

200 

4 

Strieker 13 

RS 

75 

0 

Grant, et a]. 11 

RS 

100 

1 

Mathieu, et al. 13 


110 


Wood 1 ® 

W 

95 

0 

Kincaid-Rafn 17 

MR 

45 

3 

Schoeneckis 

RS-MR-S 

123 

0 

Parache 13 

FL 

180 

0 

Gustaf son-Banks 20 


50 

0 

Schneider 23 

S 

500 

0 

Buettner 22 

S 

100 

2 ? 

Todd 23 

W (mod) 

100 

0 

Russum 24 

MR 

40 

1 

Sharp-Flohr 23 


73 

1 

Wilson-Blanchet 2 ® 

S-FL 

250 


Ware-Main 27 

S 

100 

0 

J ohnson-To wnsend 23 

RS 

24 

1 

Reinhart 23 

RS 

SS5 

0 

Sondern-Silverman 30 

S 

487 

0 

Sharpiey 31 

S (mod) 

38 

0 

Bitterer 32 

FL 

140 

1 

Mann, et al. 33 

FL 

150 


King 

RS-S 

86 

1 


GROSS PERCENTAGE 
INCORRECT 
REAPINGS 

0 

2 . 4 % 

2 . 2 % 

1 . 8 % 

2.5% 

3.5% 

10 . 0 % 

3.5% 

10 . 0 % 

3.0% 

0 

4.0% 


3.2% 

13.0% 

13.0% 

0 . 6 % 

16.0% 

0.4 plus % 
3.0% 

1 - 0 % 

10 . 0 % 

1.4% 

1 . 0 % 

2 . 0 % 

16.0% 

2.3% 

6.7% 

0 

2.7% 

2 . 0 % 

S.2% 
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In the differential diagnosis between simple amenorrhea and pregnancy , the 
author’s series includes 40 eases, in all but 4 of which clinical diagnosis was 
difficult. There were three false negative responses at seven, twelve, and sixty 
days after the missed period, all later positive. There were 16 correct negative 
and 21 correct positive diagnoses, including two decisions between subinvolution 
and early pregnancy before the resumption of menses. 

Once pregnancy is established the test will remain positive only as long as 
live chorionic tissue is in biologic contact with the mother. This must be borne 
in mind in usiug the test to diagnose abortion or intrauterine death. There arc 
107 such eases available for comparison. Of 14 threatened abortions, all gave 
positive reactions except 2 of the author’s 5 cases. Both of these began bleeding 
at three months’ gestation; from 5 to 8 e.c. of urine were used and the tests were 
read in twenty-four horn’s as negative ; in both the bleeding was controlled and 
the pregnancy continued, positive readings being obtained subsequently. It is 
suggested that a sudden diminution in the amount of prehypophvseal hormone 
may have accounted for both the threatened abor-tion and the negative reactions. 

Of incomplete abortions the literature describes 37, of which 20 gave posi- 
tive reactions and 17, negative, in the latter group falling the author’s 5 eases. 
Unfortunately the condition of the placenta is not stated in most of the reports. 
Two of the eases in the present series deserve some mention; one was seven 
months postpartum, the other twelve months, and each had bled for some two 
months previously. The tests were negative, and the pathologist’s reports were 
“placental polyp” and ‘‘infected produets of conception.” Whether these 
women became pregnant subsequent to their deliveries and then aborted is not 
known. 


In complete abortion, of which there are 39 eases, the same conditions hold 
which apply to the puerperium, namely that from twenty-four to seventy-two 
hours after delivery either a negative or a positive response may be expected. 

Hissed abortion may be divided into those before the fourth month and 
those after. Of 8 early cases in the literature, including one of the author’s, all 
gave negative responses. After the fourth month death of the fetus may take 
place independent of damage to the placenta or its hormone capacity, and hence 
it is not surprising that Wilson and Corner 3 and Schoeneck 18 each report two 
positive reactions. A. Brouha 10 obtained two negative reactions, and Ware and 
Main” one. The author has four to add. In three, fetal death between the sixth 
and seventh month was diagnosed clinically, but positive reactions were obtained 
seven, seventeen, and thirty days, respectively, after the cessation of fetal move- 
ments. In the fourth ease a five months’ fetus had been dead three months and 
the rabbit response to the urine was negative. Thus a second limitation of the 
test is that a positive reaction does not rule out death of the fetus. 

In ectopic pregnancy the test again must he used with discrimination A 
positive reading indicates that live chorionic tissue has been in existence within 
the last seventy-two hours; a negative test means little. Of 57 ectomV 
nancies reported only 41 gave positive reactions, of which 2 are added in this 
series. It may be assumed that in the others either the „ 1 

A* chorionic tiKM had bU long Td 
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On the other hand, in hydatid mole and chorionepithelioma perfect satisfac- 
tion is expressed in all reports. 

Cancer of the uterus, while occasionally giving a positive Aschheim-Zondek 
test, is usually reported as giving a negative Friedman reaction. One case in 
this series was negative. But another woman, aged thirty-eight, who had had her 
last child four years previously and had been bleeding irregularly for two years, 
passed some tissue, which from description might have been a mole. Two weeks 
later her Friedman test was positive. She was curetted, and the removed tissue 
diagnosed by the pathologist as “acanthoma” (squamous cell carcinoma). Two 
weelcs later the Friedman test was again positive. She had a stormy convales- 
cence but recovered, and two months later appeared to be in fair health. This 
case is presented as the only false positive in the series. The literature includes 
two other cases of carcinoma which gave positive, although atypical, responses. 

In patients of obese habitus it is often difficult or almost impossible to 
differentiate fibroids or ovarian ■ cyst from pregnancy, and where amenorrhea 
supervenes the Friedman test becomes particularly valuable. In this series there 
were 13 such eases of amenorrhea where the physician was frankly doubtful of 
the diagnosis and the test proved subsequently to be correct: 1 at two months, 
all negative ; 5 at three months of which 1 was a ease of pregnancy ; and 4 at 
four months of which 2 were cases of pregnancy. 

Of the greatest importance is learning of the existence of pregnancy in the 
presence of a fibroid or an ovarian, cyst before laparotomy. In 6 cases in this 
series amenorrhea led the gynecologist to use the Friedman test before operating; 
four were correctly negative, and two correctly positive. In one of these two 
eases hysterectomy for fibroids was postponed until tern; in the other removal 
of a dermoid cyst was not done until pregnancy had advanced to a point wheic 
the safety of the fetus was not threatened. 

Other differential diagnoses in this series consisted of: menopause against 
pregnancy, pelvic inflammatory disease against pregnancy, and finally a ease o 
menorrhagia in a girl of 38 (with a negative test) later shown to be pubeitj 
hyperplasia. Table II summarizes the cases in this series in which, with a e" 
exceptions, the test was used to aid the author or other physicians to decide ie 


tween several possible diagnoses. 

It must be borne in mind that many of the false results may have been c ue 
to the method of performing the test. Seven different technics with minor vana^ 
tions are described in the literature. These are : that of Friedman and Lapham 
(“FL”), where 5 c.c. of urine are injected three times a day for two days an 
the ovaries examined in forty-eight hours ; that of Magath and Rant a 
(“MR”) who give 35 c.c. and operate in thirty hours; that of Reinhait am 
Scott 20 (“RS”) where a single injection of 5 c.c. is followed b 3 r examination n 
twenty-four hours; that of Wilson and Corner 8 (“WC”) who laparotomize^^ 
animal in sixteen hours after a 5 e.e. injection; that of Schneider- 1 ( ^ 
uses a larger dosage and waits forty-eight hours; that of A. Brouha 
who opens the rabbit before injecting 5 c.c. and makes a final reading m ' ^ 

four hours; and that of Wood 18 (“W”) who lapurotomizes first, S iv ® s ^ 
laparotomizes in twenty-four hours, and if negative gives another c - ■ 
makes a final reading the next day. 
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The experience o£ men working with hormone reactions in lower animals 
indicates that frequent small injections of endocrine substances is tar mote effec- 
tive than a single large dose. Friedman and Lapham s 92 eases without an euoi 
tends to confirm this observation. While Wilson and Corner obtained excellent 
results with sixteen-hour readings, many workers including the author have 
found that the reaction frequently does not become positive until between the 
twenty-fourth and forty-eighth hour. It is for this reason that although Keiu- 
hard and Scott’s technic was used at first, in the latter eases of this series 10 
or 12 c.c. in a single injection was followed by laparotomy in forty-eight hours 
as the most desirable routine. 


Table II 

Summary or 101! Tests on so Women ro:t Diagnosis or Chorionic Tissue 


Pregnancy vs. 
Amenorrhea 

Threatened abortion 
Incomplete abortion 

Early fetal death 
Later fetal death 

Ectopic pregnancy 

Cancer 

Fibroids or cyst 
vs. pregnancy 

Tumors with, vs. 
without pregnancy 

Menopause 

P.I.D. 

Menorrhagia 


POSITIVE 


NKOATIVE 


24 

If, 


12 

3 


l(i 


1 

1 

n 

1 

12 

0 

n 

4 


It is not unlikely that the breed of rabbit and the climate or season deter- 
mines whether or not ovulation is quickly produced. The size of the rahbit is 
of equal importance. The lower limits as given by most authors are 1.5 kg., 
ordinarily three and one-half months of age. Adult rabbits are widely used 
after proper isolation even from other females. While Davis 12 considers fourteen 
days sufficient (but reports 4 false positive reactions) twenty-one to twenty- 
eight days is usually held to he the minimum. Death of the rahbit from a toxic 
factor in the urine is reported by six different authors as occurring in 2.7 per 
cent, 2.7 per cent, 5.8 per cent, 5.8 per cent (this series), 8.9 per cent, and 
12 per cent. The cause of death, he it too acid or too cold a urine, or 'some 
poisonous substance has not been determined. Simple anaphylaxis, ' however 
seems to have been ruled out. 


As Snyder and YfLsloekr 1 have pointed out, the Friedman test is specific 
for the human female, and hence is not applicable to veterinary purposes W,_ 
ranee of this fact recently led a well-known gynecologist to condemn the" test in 
general tor its failure to indicate pregnancy in three of his mares. On the other 
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hand the work of White and Severance 0 shows that in other respects the test is 
not as delicate as that of L. Brouha on male mice. 

Finally there must beeonsidered what constitutes a positive reaction. It is 
agreed that a translucent follicle, without color, is a negative response. Wilson 
and Corner 3 using a sixteen-hour technic describe a freshly ruptured, bleeding, 
red follicle as a true positive, and warn against a small, dark brown, rather 
conical body occasionally seen. Host authors look for a large, rounded, purplish 
corpus liemorrhagicum. Buettner 22 reports as a true positive a large pale un- 
ruptured follicle with tiny red Hecks. Laparotomy within a week of three such 
observations showed the structures to have formed true corpora lutea. Grant 1 * 
also observed such a follicle in one ease which he reported as positive. Definite 
decision can be made by microscopic examination which will reveal beginning 
luteinization. Gustafson and Banks 20 report a cases grossly negative but cor- 
rectly positive after histologic study. In the author’s series a similar instance 
is recorded. 

The cause of false positive responses is still to be worked out. Table III 
summarizes the false positive eases according to the cause or the diagnosis. 
Aside from the technical errors in handling the rabbits, any condition which 
might cause stimulation of the anterior lobe of the pituitary gland might be 
expected to cause a development of prolan which may be reflected in a positue 
rabbit reaction. Kraus 23 reports that an increase in prolan- may be the result 
of elevated intracranial pressure. Germ cell tumors, pituitary gland tumors, 
compensatory hypertrophy of the pituitary gland, must all be considered. 

The Friedman test for the diagnosis of pregnancy or its products is rapid!} 
becoming a part of the physician’s equipment along with the Wassermann test, 
agglutination reactions, and the leucocyte count. But it must retain its piopei 
relationship to history taking and physical diagnosis. An interesting experience 
of one of the leading gynecologists of the country emphasizes its usefulness . is 



diagnosis of a case was that of a prolapsed twisted ovarian cyst, while his a^sis 
ant was convinced that the patient had a recently ruptured ectopic pi 
The Friedman test was positive; laparotomy revealed on one side the 
pregnancy and on the other side a small cyst which had prolapsed into 
culdesac and which he had felt. But on the other hand, teachers in all 1 ^ ^ 
of medicine find that their students, instead of training themselves to 
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pregnancy by their five senses, depend on n rabbit test to make the diagnosis. 
This test, however valuable, should never become popular at the expense oE the 
Tactus crudtius. 


CONCLUSIONS 

1. The results of 103 Friedman rabbit ovulation tests on 86 women arc re- 
ported and discussed. 

2. The literature to date is reviewed. Of 1,500 cases, the gross error has been 
3.9 per cent; the corrected error, including the 26 false positive readings, 
amounts to 1.8 per cent. 

3. The test is a valuable aid in differential diagnosis, provided its limitations 
are recognized. 

4. A positive test indicates usually, but not always, the presence of live 
chorionic tissue. It may not become positive until pregnancy is well advanced, 
and if positive may not necessarily mean that the fetus is alive. 

5. The test should assist but not supplant the usual diagnostic technic. 
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THE RELATIONSHIP BETWEEN TIIE CORONARY BLOOD SUPPLY TO 
EXPERIMENTALLY PROD CCED VENTRICULAR LESIONS AND 
THE RESULTING ELECTROCARDIOGRAPHIC ALTERATIONS* 


David I. Abramson, M.D., J. Hamilton Crawford, M.D., and 
George II. Roberts, M.D.. Brooklyn, N. Y. 

TN A RECENT publication 1 the authors reported the electrocardiogiaphic 
* changes following ventricular myocardial lesions produced by the electric 
cautery. Particular attention was directed to the R-T segment and T-wa' e 
alterations resulting from definitely placed lesions, the localization of u ^ * 
was related to certain electrocardiographic characteristics as classifiec } 
Parkinson and Bedford . 2 It was found that cauterization of the anterior su 
face of the left ventricle gave curves of the T, type while a similar lesionjL 
the posterior surface of this ventricle and of any portion of the ug d 
tricle (except at the base anterior where no change was observed) ieSU ® 
curves of the T 3 type. Substantially similar results have been obtamec^ ^ 
cently by Haney, Borman and Meek 3 who investigated the changes 111 .Q^-dial 
and S-T segments of the electrocardiogram in dogs in which the injoc, 
lesions were produced by radon implants. 

•From the Department of Physiology, Long Island College of Medicine. 

Keceived for publication, October 19, 1933. 
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This report is concerned with the relationship between the blood supply 
(as from the right or left coronary artery) to well-defined \entiieul<u ureas 
damaged by the electric cautery and the resulting electrocardiographic altera- 
tions. In a series of twelve cats, the coronary arteries were injected, bj a 
method previously described. 4 and the vessel distribution, with respect to tin. 
damaged areas, studied in detail. 
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Comparison 

Between the Site 

Burned, the Type or Curve Produced and 
Ruitt.y 

THE Bi.oon 

i 

no. ; 

SITE HCUNF.D 

MOSTLY 

LEFT UU.ll IT 

type lei r 

4 COLON auy COLON aly 

MOSTLY 

LIGHT 

3 r 

Left apex ant. 

COLON AUY 

T t + 

colon auy 

6 

Left apex post. 

T a + 


7 

Left Base post. 

T, 

+ 

30 

Left apex ant. 

T, + 


31 r 

Left apex post. 

T. T 


32 

Bight apex ant. 

T. + 


33 

Left base post. 

T, + 


31 

Left apex post. 

T. + 


• 35 

Left liaae post. 

t 3 t ;. 


36 

Bight apex post. 

T, + 


37 

Bight base post. 

T, 

T 

3S 

Bight base post. 

T, + 



RESULTS (TABLE I) 

Anterior Surface of the Left Ventricle. — Two specimens (No. 3 and No. 30) 
were studied, in both of which the lesion had been produced at the apex and a 
T t type of curve obtained. In each instance the whole of the damaged area 
was supplied by the left coronary artery. 

Posterior Surface of the Left Ventricle. — Six hearts, in all of which the re- 
sulting curve had been of T, type, were injected. In three the lesion was at 
the apex. Of these the left coronary artery supplied the whole of the injured 
area in two (No. 6 and No. 34) and the greater part of it in the third (No. 31). 
In the other three, the damage was at the base, the left coronary being the 
principal supply in one (No. 33), tire right coronary in another (No. T), while 
both played an equal part in the third (No. 35). 

Anterior Surface of the Right Ventricle. — One heart (No. 32). in which a 
lesion had been produced at tbe apex and a T- type of curve obtained was 
studied. The left coronary artery was the principal supply to this area 

Posterior Surface of the Right Ventricle. — This series consisted of three 
hearts, in which all of the curves were of the T = type. In one instance (No 
36), the damaged area was situated at the apex with the left coronary artery 
as the chief source of supply. In tbe other two, in which the lesions were 
at the base, the right coronary artery supplied the whole region in one (No 
38) and the greater part of it in the other (No. 37) 

To summarize: It was found that in the two experiments in which a T 
type of curve was obtained, the damaged site was supplied in whole bv the 
left coronary artery. In the instances in which a T H-™ / 7 

the coronary distribution varied eonsiderablv The" area im TT 1>eSUlted ’ 

• aiea involved was sup- 
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plied wholly by the left coronary artery in two cases and in great part in 
four others. In the remainder, the right coronary artery supplied all of the 
cauterized region in one, was the main supply in two, while in another both 
vessels appeared to be of equal importance. 


DISCUSSION 


Barnes and 'Whitten 5 found that in infarcts of the anterior portion of the 
left ventricle, either alone or combined with a similar lesion at the apex, 
curves of the T, type were produced; whereas in those of the posterior sur- 
face, with or without involvement at tire apex, the tracings were of the T 3 
type. They believed that it was probably more than a coincidence that the 
plane of division which decided the type of electrocardiogram should follow 
the average plane of separation between the blood supply from the right and 
left coronary arteries. Despite this they suggested that it was the site of the 
lesion rather than the particular blood supply which determined the changes 
in the R-T interval, hut that the site would usually indicate the artery in- 
volved. Bell and Pardee 0 analyzed five eases of their own and seven of Levine s 
series 7 and found that thrombosis of the left coronary artery was associated 
with changes of T, type, while occlusion of the right coronary artery ga\e 
tracings of T, type. They stated: “We therefore feel that in the absence of 
bundle-branch block, the electrocardiogram may be used in localizing the 
thrombus in either the x’iglit or left coronary system. We cannot offer any P ai_ 
ticular explanation for this relation between the vessel occluded and the particu- 
lar T-wave that is inverted.” Ou the other hand, Gilchrist and Ritchie , 3 as 
a result of a study of two cases of their own and a large series from the litera- 
ture, concluded that changes in the R-T segment were strong presumptive evi- 
dence of myocardial infarction, but they did not believe the data available 
sufficient to warrant the view that the form of the electrocardiographic 


change could be considered a definite localizing sign of the infarct. Barnes 
and Mann 0 investigated the question in dogs surviving for varying peno s, 
electrocardiograms being taken at intervals until death, when autopsies " fie 
performed. These workers tied off branches of the left coronary arteiy, sup 
plying the posterior surface of the left ventricle, and obtained T, type ° 
curves, ligation of the right coronary artery resulting in T 3 type. When one 
considers that a T, type was obtained when the left ventricle was infarcte^ 
and a T 0 type when a similar lesion was produced in the right ventricle, ie 
fact that in the dog the left coronary artery supplies the whole, of the 
ventricle and the right coronary, nearly the whole of the right 10 might as ^ U ^ 
some importance in establishing a relationship between the type of 
alteration and the blood supply. Despite their findings, these authors o 
not consider the latter to be the determining factor, since they state t ia » 
man the electrocardiographic changes following acute infarction of the pos 
terior basal portion of tire left ventricle are constant regardless of ^ 
this region is sirpplied by the right or left coronary artery. Wilson air 

collaborator’s , 11 on correlating the form of the electrocardiogram wit 1 ie r asS0 . 

tion of the infarct in the human heart, state that the Q 3 T 3 type is usua . 
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eiated with a lesion o i 


the anterior surface of the left ventricle, the 


Q,T, with 


one of the posterior surface. In some instances, however, lesions of these sites 
did not produce any characteristic change in the electrocardiogram. I? on lei, 
Rathe and Smith 12 in a series of survival experiments in dogs, ligated small 
branches of the coronary arteries, both right and left, and found mainly '1 -u &\ e 


changes. They were unable to correlate the location of the infarct and the t^pe 
of electrocardiogram produced. Our results in the eat show that on the anterior 
surface of the left ventricle, the blood supply was always from the left coronary 
artery, and the electrocardiograms, following the production of localized lesions, 
were of the T, type. Over the entire surface of the heart posteriorly, T 3 types 
of curves were obtained, despite marked variations in blood supply. When one 
studies the relationship of all the T 3 type of curves to the blood supply of the 
damaged areas without consideration of the region of the heart involved, the 
results appear grossly inconsistent. This view is further substantiated by an 
examination of the normal coronary distribution in the eat. In a recent study 
dealing with the latter, 4 it was found that posteriorly, in 65 per cent of cases 
the right coronary artery supplied all of the right ventricle and varying por- 
tions of the left ventricle, ranging from a small strip adjoining the posterior 
interventricular sulcus to almost one-half of the left ventricle. The remainder 
of this ventricle received its supply from the left coronary artery. In the other 
35 per cent of eases the left coronary artery supplied posteriorly all of the left 
ventricle and the adjoining part of the right ventricle, while the right coronary 
in these hearts supplied only a small portion of the right ventricle. 


In view of these anatomical observations we believe that the coronary dis- 
tribution in the cat resembles that in man to a greater degree than does that 
in the dog. Although on the anterior surface of the heart, the subbranches 
of the right and left coronary arteries show a generally similar arrangement 
in all three, posteriorly there are some marked differences. In man, according 
to Gross 13 and also Barnes and Whitten,' the right coronary artery in the 
majority of cases gives off a posterior descending branch which extends down 
the posterior interventricular sulcus; the right coronary artery, itself con- 
tinuing on to the left ventricle to supply a considerable part of the latter ad- 
jacent to the sulcus. In these cases the circumflex branch of the left coronary 
plays an unimportant role in supplying the posterior surface of the heart. 
In a small percentage of cases, the situation is reversed, the circumflex reach- 
ing the posterior sulcus and continuing down in it, while the right coronary 
artery terminates soon after it reaches the posterior surface of the ri"ht ven- 
tricle. In these instances, posteriorly the whole of the left ventricle °and the 
adjoining portion of the right are supplied by the left coronary artery In the 
dog, according to -Moore 1 " the right coronary artery never reaches the posterior 
interventricular sulcus, but ends at some point between it and the rmht border 
of the heart. In all eases, the circumflex division of the left coronary arterv 
proceeds down the posterior sulcus as the posterior descending division and 
along with its other branches, supplies the whole of the left ventricle posterior 
In man. the septum m its basal two-thirds is supplied by penetrating 
oE «• “» »*** taMOl arteries, sut,aiS“ “ 
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ally of the left and right coronary arteries respectively. The apical portion 
is supplied entirely by twigs from the anterior descending artery. Iu the case 
of the dog. branches of the septal division of the left coronary artery anastomose 
with penetrating vessels from the anterior and posterior descending arteries, 
the whole of the septum thereby being supplied by the left coronary artery, 
In the cat. in the majority of eases, the septum receives its supply from pene- 
trating branches of both right and left coronary arteries, while in the remain- 
ing hearts, wholly from branches of the latter. 

The ll-T segment alterations associated with myocardial damage after 
blood vessel occlusion or direct injury are, we think, the expression iu a limb 
lead of a monophasic variation of the demarcation current set up in the heart 
as tire result of a potential difference between the injured and the adjacent 
uninjured areas. One should not expect that thrombosis of a particular coro- 
nary artery, per se, could produce the definite change observed in the electro- 
cardiogram in coronary thrombosis. Only in the case of a constant blood supply 
would a characteristic change in the electrocardiogram be related to the occlu- 
sion of a particular artery. In our experiments on the cat, the blood supply 
(as to right or left coronary arteries) to the posterior surface of the heart 
varied markedly, and still on cauterization of any portion of this site a T, tj'P e 
of curve was obtained in every instance. When we consider as well that the 
anatomical studies have pointed to a close resemblance between the coronal} 
blood supply in man and that in the cat, it strengthens our belief that in the 
former it is hazardous to diagnose a thrombus in one or the other coronal} 
vessel in a T s type of curve. With a T, type there appears to be every proba- 
bility that the lesion is located in the left coronary artery. The final decision 
on this question in man must await the careful study of a sufficient num ei 
of hearts in which the electrocardiographic and pathologic data have been m 
vestigated and correlated. On the other hand, since all authors agree that m 
faret of the right ventricle is rare, it seems to us probable that a definite i 
type of electrocardiogram indicates a lesion of the anterior surface of the e 
ventricle and a T, type one of its posterior surface. 

PUMMAKY and CONCLUSION 

The relationship between the blood supply (as from the right 01^ ^ 
coronary artery) to experimentally produced ventricular lesions and t m^i^ 
suiting electrocardiographic alterations was investigated in a series of mjec 
eats’ hearts. 

Although on the anterior surface of the heart, there appeared to 
lationsliip between the curves and the blood supply, on the pos tenor 
both of the right and left ventricles, tracings of T 3 type were P 10 
whereas the blood supply to these areas varied markedly. ^ e 

The results support the view that the characteristic T-wave changes 
not. constantly related to the occlusion of a particular coronary arfei}- 
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THE EFFECT OF HYPERPYREXIA UPON THE PHOSPHORUS 
PARTITION OF WHOLE BLOOD IN PARESIS* 


De Lester Sackett, B.S., and A. Willard Turner, A.B., Elgin, III. 


R |p jc r p investigations liave sliown tiiere are changes in tlie amount of tiie 
various phosphorus fractions of the blood of neurosyphilitic patients fol- 
lowing treatment. Rosen, Krasnow, and Nothin 1 have found a distinct increase 
in the amount of lecithin in the blood of syphilitic patients after treatment. 
Bisehoff, Harwell, and Hill 2 and Daly and Knudson 3 have demonstrated that 
there is a shift in the phosphorus equilibrium during hyperthermia. 

PLAN OF EXPERIMENT 

The results of the work cited above would indicate that the treatment of 
paresis with hyperpyrexia might have a definite influence upon the phosphorus 
partition of the blood. This problem was approached by the following pro- 
cedure: Fifteen patients diagnosed as typically paretic were chosen for this 
study; nine were treated by the electric blanket method 1 and six with inocu- 
lated tertian malaria. A phosphorus partition, involving inorganic, total acid- 
soluble, organic acid-soluble, lipin, and total phosphorus, was determined upon 
the whole blood of each patient before and after the treatment series. Those 
treated by the electric blanket method each received twelve treatments, and 
those who were given malaria were each allowed to have five paroxysms. 

•From the Illinois State Psychopathic Institute. 

Received for publication, October 9, 1932. 



1046 


TIIE JOURNAL OF LABORATORY AND CLINICAL .MEDICINE 


The blood for analysis was taken in the morning after a fifteen-hour fast, 
and the patients, while undergoing the series of treatments, were kept under 
carefully controlled hospital conditions. 

The methods of analysis used in this study were those recommended by 
Walker and Huntsinger.' Each determination was done in duplicate and 
cheeked independently by two workers. Mean values were used when dupli- 
cate determinations did not agree. 


Table I 

Phosphorus Partition or Whole Blood in Paretic Patients Before and After Treatment 

With Hyperpyrexia 


CASE 

i ; 

TOTAL i 

ACID- 

SOLUBLE | 
I* 

(MIL I'KK 
100 ML) 

o 

INORGANIC 

P 

( MIL PER 
100 ML ) 

3 

ORGAN It' 

AL’ID- 

.soi.nii.K p 

(1 MINUS 2 
(MIL PER 
100 ML.) 

i 




Before 

21.7!) 


18.54 

After 

19.01 


15.90 

Before 

20.31 

2.02 

23.09 

After 

25.00 

3.27 

21.73 

3 




Before 

23.8S 

1.03 

OO OjJ 

After 

1 20.20 

3.50 

16.70 

4 




Before 

| 22.47 

2.00 

I9.S1 

After 

20.72 

3.12 

17.00 

5 




Before 

1 24.S4 

3.32 

21.52 

After 

20.44 

2.53 

17.91 

0 


| 


Before 

25.71 

3.20 i 

22.45 

After 

7 

21.G2 

1 --’ 4 | 

19. OS 

Before , 

20.49 

! 3.S8 

22.01 

A f ter 

27.58 

3.20 

24.38 

8 




Before 

20.14 

3.24 

22.90 

A f ter 

30.76 

2.5)2 

27. S4 

9 




Before 

23.81 

■ 

20.35 

After 

23.53 

■ ■ 

20.57 

10 


i 


Before 

25.02 

1 3.15 

22.47 

After 

24.07 

2.90 

21.17 

11 




Before 

29.02 

3.11 

20.51 

After 

25.74 

2.81 

22.93 

12 




Before 

30.01 

3.72 

20.29 

After 

24.84 

3.91 

20.93 

13 1 




Before 

28.98 

3.05 

25.33 

After 

23.52 

2.87 

20.65 

14 




Before 

29.19 

3.90 

25.29 

After 

27.58 

3 55 

24.03 

15 




Before 

23.12 

3 03 

19.49 

After 

20.13 

3.90 

22.23 


4 

LIPIN 

P 

(MIL PER 
100 ML.) 

t> 

TOTAL P 

BY 

analysis 

(MO. PER 
100 ML.) 

0 

total V 

BY 

ADDITION 
(1 PLUS 4) 
(MG. PER 
101) ML.) 

1 

CONDITION' 

OP 

PATIENT 

10.03 

12.04 

33.33 

33.33 

32.42 

31.05 

Improved 

11.07 

12.20 

30 27 

30 SO 

37.3S 

37.20 

Improved 

11.33 

11.S7 

35.1)2 

32.50 

35.21 

32.07 

Improved 

12.15 

11.87 

31.37 

32.50 

34.02 

32.59 

Not 

Improved 

12.87 

12.12 

35.49 

32.20 

37.71 

32.50 

Not 

Improved 

1 

11.43 | 

12.0 5 

34.84 

34.04 

37.14 

33.07 

Improved 

13.97 

14.81 

40.81 J 
42.55 

40.40 

1 42.39 

1 Improved 

12.00 

14.13 

^ 3 6. 3 0* 

43.71 

I 3S.11 
| 44.S9 

: 

Improved 

10.52 

12.87 

34.93 

30.03 

34.33 

30.40 

Improved 

14.30 

14.81 

40.55 

39.02 

39.92 

3S.8S 

Improved 

13.11 

14.01 

42.23 

39.02 

42.73 

40.35 

Improved 

12.09 

14.29 

42.78 

3 8.04 

42.70 

39.13 

Improved 

13.33 

14.54 

42.75 

37.20 

42.31 

3S.00 

Improved 

14 35 
13.50 

43 24 
43.53 

43.54 

43. OS 

Improved 

14.44 

15.09 

3S.0S 

4 0.00 

37.56 

41.22 

Improved 
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RESULTS 

The data incorporated in Table I give the findings «£■ the various phos- 
phorus partitions before and after treatment. The accuracy of the analytic 
methods employed is demonstrated by the close agreement between the total 
phosphorus by direct analysis and the sum of the acid-soluble and hpm frac- 
tions. This table also gives the status of each patient following treatment. 

Table If gives the amount of lecithin per 100 ml. of whole blood for each 
patient before and after treatment. These figures were obtained by multiplying 


Table TI 


Lecithin Contest or Whole Blood is Paretic Patients Ok roue and After Treatment 

With Hyperpyrexia 


case 

BEFORE 

(MG. PER 100 ML.) 

AFTER 

(MG. PER 100 ML.) 

CONDITION' OF PATIENT 
AFTER TREATMENT 

1 

■’fi.',.:.', 

301.00 

Improved 

O 

276.75 

305.00 

Improved 

o 

283.25 

296.75 

Improved 

4 

303.75 

296.75 

Xot improved 

5 

321.75 

303.00 

Xot improved 

G 

285.75 

301.25 

Improved 

7 

339.15 

370.25 

Improved 

s 

300.00 

353.25 

Improved 

9 

263.00 

321.75 

Improved 

10 

357.50 

370.25 

Improved 

11 

327.75 

365.25 

Improved 

12 

317.25 

357.25 

Improved 

13 

333.25 

363.50 

Improved 

U 

358.75 

3S7.50 

Improved 

15 

361.00 

377.25 

Improved 


the lipin phosphorus by 25, as lecithin contains 4 per cent phosphorus. This 
gives recognition only to the lecithin content of this fraction, but this has been 
found accurate enough for comparative purposes. The status of each patient 
following treatment is also included in this table. 


DISCUSSION 

Bischoff et al. 2 have found that during hyperthermia part of the inorganic 
phosphorus in the blood is converted into acid-soluble organic phosphorus with 
an alkaline shift in the blood P H . They have suggested that this is an in-vivo 
duplication of the in-vitro conversion of inorganic to organic phosphorus in 
blood as first demonstrated by Lawaezek. 6 

Daly and Knud son 3 in their experiment in hyperthermia were unable to 
confirm the observation of Bischoff and his coworkers that the alkalosis oc- 
curring during hyperthermia was accompanied by an increase in the aeid- 
soluble organic phosphorus and a decrease in the inorganic fraction. They 
found that there was a lowering of both inorganic and acid-soluble organic phos- 
phorus of whole blood and plasma during alkalosis. 

It was also shown by Rosen et aid that patients with neurosyphilis who 
improve following treatment, show an increase in the lecithin content of 
their blood. 
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Referring to Table I and excluding patients 4 and 5, who did not improve 
following treatment, a lowering of the inorganic phosphorus content is shown, 
in eight of the thirteen improved cases. Again nine of these thirteen patients 
had a loss of organic aeid-soluble phosphorus. This table also shows that all 
of the thirteen improved eases had an increase in the amount of the lipin 
phosphorus fraction. 

The above facts are not in perfect agreement with the findings of either 
Bisehoff or Daly and Knudson. This perhaps can be explained by the fact 
that their analyses were done during the period of hyperthermia while sam- 
ples analyzed in this problem were taken at the normal body temperature 
before and after the treatment series. However, the results of the majority 
of our analyses agreed with the findings of Daly. 

There is evidence that the synthesis of phosphatides from inorganic phos- 
phates can take place in the body. 7 Animals have been shown to develop nor- 
mally when their only source of phosphorus was in the inorganic form, and to 
be capable of forming both organic phosphorus for their bodies and lecithin for 
their eggs. It is significant to note, therefore, that in nine of the thirteen 
improved cases there was an inei'ease in the lipin fraction accompanied by a 
lowering of both the total aeid-soluble and organic acid-soluble phosphorus. 
This might be used as evidence that part of the acid-soluble fraction had been 
converted into lipin phosphorus as a result of the hyperpyrexia. 

Regarding the total determined phosplionis in Table I, it will be noticed 
that there were no significant changes in the amount following treatment in 
the thirteen improved cases. It increased in five, decreased in seven and re- 
mained constant in one. This would suggest that the increase in the lipin phos- 
phorus was not caused by an increase in the total amount of phosphorus in the 
blood, but represented only a shift from one fi’action to another. 

The only significant change observed in the unimproved Cases 4 and 5 was 
that there was a decrease in the amount of lipin phosphorus after treatment. 
This may prove to be indicative, but two cases can hardly be considered as 
sufficient evidence to arrive at any definite conclusion. 

Table II shows that there was an increase in the lecithin content of t e 
blood of the improved eases. This agrees until the findings of Rosen et al. 


CONCLUSIONS 

1. Paretic patients who improved following treatment by hyperpyiex 

showed an increase in the lecithin content of their blood. . 

2. There seemed to be a conversion of aeid-soluble phospboius to ip^ 
phosphorus following treatment by hyperpyrexia in those cases u 11C 

proved. , j nl . 

3. The inei’ease in the amount of lipin phosplionis in the ooc ^ 
proved patients following hyperpyrexia was not accompanied by a co ^ 
sponding increase in the total determined phosphorus, and woulc seem 

a partitional change. 
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SPINAL FLUID SUGAR DETERMINATIONS IN 
HYPOGLYCEMIA OF DOGS 4 


EXPERIMENTAL 


Reuben Davis, M.D., and Herman Brown, B.Sc., Philadelphia, Pa. 


R ECENTLY one of us (R. D.) had occasion to treat an unusual case of severe 
insulin shock. The patient, a man aged thirty-one years, was a known 
diabetic patient and, while under the influence of alcohol, took 30 units of 
insulin before the evening meal, which was twice his prescribed dose. He 
promptly vomited and members of his family thinking he was going into a 
diabetic coma administered two more 30-unit doses of insulin. The patient be- 
came more stuporous during the night and was sent to the hospital in the 
morning. 

On admission his blood sugar was 21 mg. per 100 c.e. A total of 100 gm. 
of glucose was given intravenously, but the patient did not regain conscious- 
ness though the blood sugar was then 164 mg. per 100 c.e. Intravenous injec- 
tions of glucose were continued but the patient died without regaining con- 
sciousness. The blood sugar after death was 176 mg. per 100 c.e., but the 
spinal fluid sugar was only 25 mg. per 100 e.c. 

It is difficult to evaluate the role played by alcohol in this case but the 
discrepancy between blood and spinal fluid sugar results made it desirable 
that a study be made of the blood and spinal fluid sugar in experimental hypo- 
glycemia in the hope that the poor response of such patients to large amounts 
of injected glucose might be explained. 

experimental 

Normal dogs of both sexes and various weights were used. Insulin was 
administered after a twenty-four-hour fasting period. Blood was taken from 
the jugular vein and spinal fluid obtained by cisternal puncture without anes- 
thesia. The specimens were preserved with sodium fluoride and the glucose 
determinations made by the method of Folin and Wu. 1 

Tabie I lists the blood and spinal fluid sugar findings of five normal do<'s 
It is generally agreed that in a state of health the blood and spinal fluid su-°ar 
are m fairly definite relationship to each other. However, we are unaware°of 

Cutaneous Medicine" o^mi^dcdpMaV 110 ' 16 ° [ Temple University and the Research Institute of 
Received for publication, October «, 1933. 



1050 


TIXE JOURNAL OF LABORATORY A XI) CLINICAL MEDICINE 


any simultaneous determinations made on the experimental animal. Kasabara 
and Uetani 2 though giving figures for spinal fluid sugar following insulin injec- 
tions did not report simultaneous blood sugar values, and the relationship of 
the two values were only assumed. In humans this ratio is approximately 4:3 
which corresponds closely to what we have found in dogs. 

Table I 

Blood axd Spinal Fluid Sue a a or Normal Boas 


DOG NO. 

~1 

r> 

3 

4 

5 

Average 


BLOOD SUGAR SPINAL FLUID 

MO. PER SUGAR JIG. PER RATIO 

100 C.C. 100 C.C. 


91 CS 1-34 

84 63 1-29 

SI 60 1.35 

10S 73 1.18 

82 64 1-2S 

1.35 


Table II 

Effect of Insulin Hypoglvcejiia on Spinal Fluid Sugar 



• 1 

8. kg. 


3 

10.4 kg. 

4 

11.8 kg. 


11.8 kg. 
C 

10.3 kg. 
7 

10.2 kg. 


10.2 kg. 
8 

12.6 kg. 


FASTING 
BLOOD 
SUGAR 
(MO. PER 
100 C.C.) 


11:20 a.m. 
91 

10:40 A.M. 
84 

4:15 P.M. 
82 

3:40 P.M. 
108 

1:20 P.M. 
81 


FASTINO 
SPINAL 
FLUID 
SUGAR 
(.MO. PER 
100 C.C.) 


11:20 A.M. 
68 

10:40 A.M. 
65 

4:20 I'.M. 
64 

3:55 p.m. 
73 

1:28 P.M. 
61 



“SHOCK" 
BLOOD 
SUGAR 
(MG. PER 

100 C.C.) 



11:30 A.M. 

SO units 

(subcutaneously) 

10:55 a.m. 

110 units 
(subcutaneously) 
4:25 p.Jt. 

20 units 

(subcutaneously) 
4 P.JI. 

59 units 
(subcutaneously) 
1:30 p.m. 

59 units 
(intraspinally) 

11 :45 A.M. 

60 units 

( subcutaneously ) 
9:55 A.M. 

80 units 

(subcutaneously) 
10:40 A.M. 

40 units 
(intraspinally) 
9:55 A.M. 

40 units 
11:30 A.M. 

SO units 
12:35 P.M. 

40 units 
1:20 P.M. 

40 units 
(subcutaneously) 
Total 200 units 


1 :40 P.M. 
25 

1:45 P.M. 
24 

-V 

o 

,2:55 P.M. 
37 

1 P.M. 

23 

1.61 

f 

6 P.M. 

44 

13:05 P.M- 
39 

1.14 

5:30 P.M. 
51 

5:35 P.M. 
41 

1.24 

3:05 P.M. 

3:15 P.M. 

1.91 


1 -.15 p.m. 
34 

11 :55 A.M. 
44 

12:15 P.M- 
33 

2:10 P.M. 
33 


1 :20 P.M. 
2S 


12:20 P.M- 
23 

2:15 P.M- 
17 
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SIMNAI. Fl.l’U) SUOAIl I>ivr FUMIN' AT SONS 


3 used 
not eon- 


in the production o£ hypogl^cmiu m 

20 units of insulin per kiloginm. 1 . • , t j ult j s obtained with 

sidering it desirable to produoe the settle 'M o - kilogram 

seek iarge doses. tiiogram. Vbe criteria 

ef'slioet. 'vrere i'istlessness, s„atliy, unsteady gait, vomiting, and loss ot con- 
trol of bowels and bladder. -....i o u ;a f a jl to 

It trill be noted from Table 11 that m no ease did tbo siu tal Und a 

shot,- a decided decrease in sugar following insulm nuns Ua lh ^ 

dogs receiving insulin >».»»pinally ‘ ^ssWetocase 

fall in spinal fluid sugar per unit ot insulin but pai t ■ - 
might be accounted for by simple dilution of spinal fluid J . j 

Wood and spinal fluid sugar relationship ,s definitely dtstuttad , « 1} one 

animal teas the normal ratio maintained. It ,s also n.te.o.t J a n. tu) 
severe hypoglycemia (dog So. 3) the effect on the spinal Butd nugar is p.o 
portionallv so much greater as to cause tins ratio to approach Insuhn m 

active intraspinally ; the blood sugar findings, however, indicate that 
more efficacious than when administered subcutaneous y . _ , 

The influence of intraspinal glucose administration upon insulin hypo- 
glycemia is illustrated in Table III. . 

After shock had been attained in the six dogs, varying amounts of glucose 

solution were injected intraspinally. Following each injection, the blood 
sugar, as well as the spinal fluid sugar, was determined m order to see if there 
was a rise in the blood value coincident with any improvement noted. 

Mater* has reported a constant rise in the blood sugar following the injec- 
tion of air and Ringer’s solution into the subarachnoid space, amounting to 200 
mg. per cent in some cases. Such a rise, however, could be suppressed by the 
preliminary use of insulin. Our results confirm these observations, the blood 
sugar rising but little following intraspinal glucose injections m the insulin- 
treated dogs. 

In all our cases of intraspinal glucose injections the improvement noted was 
transient and difficult to evaluate. To eliminate the possible effect on the 
clinical improvement of the stimulation caused by performing a cisternal 
puncture, one animal was injected with normal salt solution. This injection 
was without effect (dog Mo. 6, Table III). Wagging the tail and loss of apathy 
were taken as criteria of improvement. Such changes were but temporary, 
and in order to save the animal at the end of the experiment it was necessary 
to administer glucose intravenously. 

Dog Mo. 5 was given a very large dose of insulin and severe shock with 
convulsions was produced. Repeated intraspinal injections of glucose solu- 
tion failed to ameliorate the symptoms despite the fact that the spinal fluid 
sugar reached a level more than twice normal. 

During the course of this work it was interesting to note the rapidity with 
which glucose, injected intravenously, penetrated into the spinal fluid. 

Thus following the injection of 25 c.c. of 50 per cent glucose in seven 
minutes the spinal fluid sugar of dog Mo. 5 rose from a hypoglycemic value of 
28 to 73 mg. per 100 e.c. Dog Mo. 6 showed a similar rise. However, such 
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table hi 

Eeeect of Ixtraspixal Glucose Tv-t^ 

==~ = - = - : ^ JECTio.ss Upo.v Ixsmi.v Hypoolycemh 


COO HO. 


1 

S kg. 
SO units 
(subcuta- 
neous) 
11:30 a.ji 


6 

10.3 kg. 
00 units 
(subcut.) 
11 :45 a.m. 


11 kg. 
110 units 
(subcut.) 
10:55 a.m 


10.2 kg. 
SO units 
(subcut.) 
9:55 A. Jr. 


7 

10.2 kg. 

-10 units 
( intraspin. ) 
10:45 a.m. 

S 

12.0 kg. 
9:55 a. jr. 
40 units 
11 :30 a. J r. 
SO units 
12:35 P.jr. 
40 units 

1:20 p.jf. 

40 units 
(subeut.) 

Total 
200 units 


'shock” 

BLOOD 
SUGAR 
( JIG. PER 
100 C.C.) 


SHOCK” I 
SPIN'AL 
FLUID 
SUGAR 
(-UO. PER. 

100 C.C.) 


IXTRASPIXAL 

glucose 



c.c. of 2% 
glucose 
1:45 p.jr. 


1 e.c. normal 
saline (intra- 
spinally) 

1 :20 p’.jr. 


BLOOD 
SUGAR 
AFTER IX- 
TRASPIXAL 
GLUCOSE 
(JIG. PER 

100 C.C.) 
32 

1:55 p.jr. 


EESULT 


3 c.e. of 10% 
glucose 
1 p.jr. 


2.o c.e. of 4% j 
glucose 
12 X. 


1 :25 p.jr. 


41 


IDog lifted ears and began 
to wag tail at once. After 
5 min. seemed to be back 
in sboek. Was given 40 
c.e. of 50% glucose in- 
travenously. Dog died 
during the night. 

bio change noted, 
c.e. of 50% 
travenously. 
vived.. 


Given 25 
’" n glucose in- 
Dog sur- 


1:05 P..\r. 


2 c.c. of 4% 
glucose 
12:20 p.jr. 


2:20 p.jr. 

2 c.c. 4% 
glucose 
3:50 P.jr. 

2 c.c. 4% 
glucose 
4:50 p.jr. 

2 c.c. of 4% 
glucose 


Little, if any improvement. 
Hog bad to be given 40 
c.c. of 50% glucose (in- 
traveu.) but showed poor 
response. Died at 6 pal 

[showed improvement for 15 
I min. but rapidly went 
12:05 P.jr. | back into shock and was 
given 25 c.e. glucose in- 
travenously. Dog sur- 
vived. 

|Dog improved temporarily 
but symptoms of shock 
followed. Survived after 
25 c.c. of 50% glucose was 
given (intraven.). 


3S 

12:25 P.jr. 


3:40 P.jr. 
50 


Dog showed no improvement 
(permanent) in spite ot 
the fact that the spinal 
fluid sugar was main- 
tained at a high level. 
Deceived no intravenous 
glucose and died at i> 
p.jr. in convulsions. 


in tie stadiefof Levtaso.”' “““I™ “°“ h n>ogI)-cemic tauaiis as was shorn 
«b.y not e w , W by othel . ^ " 

DISCUSSION 

Cases of diabetes mellitiis that present unmistakable symptoms of insulin 
shock when the blood sugar is at a relatively high level are' not unusual. Such 
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Table IV 


Ct»,vr n V.nn PENFTRVriON FOLLOWING INTRAVENOUS GLUCO.SE. 

Showing Speed op spinal Ii.ud i eneikai^ 

in Hypoglycemic Dogs 


SPINAL FLUID SUGAR 


DOG NO. 


BLOOD SUGAR 


BEFORE GLUCOSE AFTER 25 C.C. 5<J c /c GLUCOSE 


0 

G 


61 

34 


32 

2S 


S (7 min. later) 

3 (10 min, later) 


eases usually respond to carbohydrate ingestion, despite the fact that 
blood sugar values may range between 150 and 200 mg. pet 100 e.e., oi more. 
John 6 has attempted to explain such eases of shock on the basis ot a decreased 
permeability of the corpuscles in the diabetic patient. Othei o )sei\ers on 
the other hand have found an increased permeability of these cells. Uur own 
work throws no additional light on this phase of the subject. It is apparent 
that meningeal permeability is quite high in the ordinary case ot insulin 
hypoglycemia, and patients in such cases recover quite promptly o o\\ in c 
intravenous glucose injections ; but it is conceivable that in such eases as t le 
one reported here meningeal permeability may be markedly decreased, hinder 
such circumstances insulin shock might persist even though, by inti at enous 
glucose injections, high blood sugar values are obtained. Decreased menin 
geal permeability could be ascertained by spinal fluid sugar determinations 
and, if low values are found despite high blood sugar figures, intraspinal 
injections of glucose might be resorted to. 


CONCLUSIONS 

1. Insulin, in the normal animal, has a uniform action in lowering the 
spinal fluid sugar. Such decreases are often of greater proportion than the 
blood sugar reductions. 

2. There is only a temporary improvement following intraspinal glucose 
injections in hypoglycemic dogs. A sustained high spinal fluid sugar without 
a commensurate high blood sugar will not preserve the life of the animal. 

3. Glucose injected intravenously during hypoglycemia enters the spinal 
fluid very rapidly in the experimental animal. 

4. Intraspinal glucose injections should be resorted to in the hypoglycemic 
diabetic who does not respond to intravenous glucose injections. 
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THE elood lip.se m pat.exts mm MPTi0 utCER . 
E “ A ™ X » H “*™ F«*«mo Dw 

I?L0Y ° “• 3[S - p. Sni0KMi PttD aD 

Chicago, III. ’ ‘ ’’ 


*»«% olive . 1 , in 

Hie same lipolytic enzyme n"enr.ij damage to the pancreas. Tile ,- 1 found 
In their opinion the onlv onn iv P<U . C6nt 0t * tlie . cases oi> liver disease studied, 
amount in the blood both i ti 1 tlus enzyme appeal’s in increased 

liver and pancreas * ^ and iu lllan > »™ Pathologic changes in the 

of the livei^and ^nueiwi * th ® ,iterature to lesions and dysfunction 

1899 and Z^lnmo Z^lf ^ ™us, Garnly- in 

ulcer. Pathologic elm ' • esious °1 the liver found in cases of peptic 

LeNoir, Bichet "and Ta If W * hver and lcidne - v « haw been suggested by 

he demonstrated hv „r • J i , ° &ince the hepatic alterations could not 

fort, maWy som, i ° " 7 - D "' 

value, nanielv m-m-nl- .1 1 ' C1 nnctlon tests they used were of questionable 
•siderable percentage of " 3 ’ C0S “ na and di b r estion hemoclasis. Because in a con- 
glycemic coeSf " 0t gaStric uI «* the fasting blood sugar and the 

concluded that tl gr<?atei ' than “ormal, LeNoir, de Possey and Kichet 13 

hepatorenal insnffi / Ch ™ gCS were . due t( > disturbed hepatic function. That 
but is more freon may be found in cases of carcinoma of the stomach 

Bichet and Jacquel In VilwIelT^^ri 1 P t Ptic iS the opillion of LeiVoir ’ 

definite microscopic lesions of ti l T demonstrated by means of biopsy 

Cases of dim' , n . * d e dver 111 patients with peptic idcer. 

ulcer have been rep^rtedhvT 3 " aun f iee assoeiated " ddl 6 “*™ and duodenal 

to disease of the liver and bilim^! 30(1 Dumont » a4 '. ” aud the relation of J aundice 
and Zoepffel 27 al, 1- 1 • a P tlact las ijeen discussed by Surmont , 23 Bickel, 
by m pa n « nf ti, * W S ' eC , Jaund * ce ass ociated with peptic ulcer and demonstrated 
and bv Kail- & 1 o-V Pn reaction has been investigated by Hadlich , 11 

accomnanvin Sl<d ! ert - M Cholecystitis and cholelithiasis have been found 

Vi_ 2 A r ' r S U eer ,° f the duodenum (Me Vicar and Weir , 20 Judd , 13 Bruce , 2 
,Uix, AlacLaren and Oerting 10 ). 

„ i nZZ" •? POrt 1 ed 1 tW ° eases of reaaI glycosuria with ulcer of the duodenum 
, r* i\i= n + t e due to an associated infection of the pancreas. Jaukel- 
, , U “ S a e ^ ia -t a nondiabetic glycosuria in cases of peptic ulcer 
' . SU “° e * ne 0 an adjacent chronic pancreatitis. The relationship between 
CS10nS the panereas and ldcers of the duodenum and stomach has been dis- 

— School. 
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cussed by Ehrstmn and Xylandetv Dysfunction of the pancreas iias been 
investigated by means of spontaneous and provoked glycosuria, hyperglycemia, 
and the diastase content of the blood and urine by Galli, Pecco and PoIaccoA 
These authors considered pancreatic dysfunction to have been present in 32 
per cent of the eases studied. 

In order to apply a more reliable test to tile problem of the possible asso- 
ciation of disturbance of the functions of the liver and pancreas with ulcer of 
the stomach and duodenum, we have employed the method described by' Cherry 
and Crandall 3 and have studied the lipase content of the blood of fifty patients 
with peptic ulcer and of twenty-five control patients. 

METHOD 

In each of two test tubes 1 e.c. of blood serum was added to 3 c.c. of dis- 
tilled water. One tube was inactivated at 1)0° C. for five minutes. This in- 
activated tube was used as the control. To each tube were added 2 e.e. of a 
50 per cent emulsion of olive oil and 0.5 e.e. X/3 sodium phosphate buffer ad- 
justed to P„ 7.0. The contents of the tubes were thoroughly mixed and incubated 
at 40° C. for 24 hours. At the end of that time they were titrated with N/20 
sodium hydroxide, using three drops of 1 per cent alcoholic solution of plienol- 
phthalein as an indicator. The results have been expressed in cubic centimeters 
of N/20 alkali necessary to neutralize the fatty acids set free in 1 c.c. of olive oil. 

In 60 determinations of inactivated serum it was found that the limits of 
variation were not more than 0.2 c.c. of N/20 XaOH. Since this corresponds 
with the results of Cherry and Crandall we have considered 0.2 c.c. as the limit 
of experimental error, and any reading of 0.3 e.e. or gi'eater has been recorded 
as positive. 

DISCKSSIOX 


The results of the blood lipase determinations of fifty patients with peptic 
ulcer are found in Table I. In all eases except one roentgenologic evidences of 
peptic ulcer were present. The patient in case 8 was proved to have a duodenal 
ulcer at operation. A lipase titer of 0.3 e.c. or greater N/20 sodium hydroxide 
was found to be present in 38 eases, or 76 per cent. No relation between the 
lipase centent of the blood and the age or sex of the patient could be demon- 
strated. 


In most cases the clinical history was the only source of information avail- 
able to us by which an estimate could be made as to the approximate duration 
of the ulcer. An appreciation of the questionable accuracy of this method was 
fully realized since it is well known that many cases of peptic ulcer come to 
necropsy although no definite symptoms of ulcer were present during life 
However, in a few cases roentgenologic evidences and previous surgical opera- 
tions gave a more accurate criterion as to duration. In our ctmfw , 
nectiou could be found between the amount of blood lipase, as indicated bv the 
alkali titer, and the approximate duration of the ulcer. 


Only tour cases of gastric ulcer were studied. The blood lipase titer of 
these patients was 0.5 0.6, 0.6, and 0.4 c.c. N/20 sodium hydroxide' It seems 
..ntoblo, therefore, that the presence of an nicer in either the stomach ^ 
duodenum may be assoc, ated tvith an increase ot the blood lipase titer 
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_ . -utuiuiA’E 

tte e “T, e to aot "Zfcu -r “* ** f » r 

patients before or after meals or after 12 


„ Table I 

^i^-e-Prrr,o ULm , (Tm , ,, ^ 


or X/20 KjOH) 



Th P '\v e niales exce P^->. 31. -laTana 50 " — 

remainder. WaS3ermann rcact( <>“ was positive i„ 7 ana 13 an . 

Nine . , u lo and negative or undetermined in the 

enterostomy; “ ta ^ -n,e type or surgica, procedure on the stomach, usually a gastr, 
3 ° f theraW ’ — — cltrosalvan, mucin, or chondroitin. 

titer, or it wm T o ”° ChMge in the liFSe 

Ciandall and Cherry 1 found in UK on * i 
of 0.3 c.c. or more N/20 NiOTT r 146 ntro patlents that six gave a titration 
selected patients were'studied ’ . y! 0rtler . to eheck our teelmie twenty-live un- 
patients were found to . makm " the determinations, none of the 

ulcer. One patient wa s laid toZ ' n&aMe t0 ^ ^ ° 1 ' ^ 
patients in this "roun o- avp n .. soine pan ereatic involvement.” Three 

in these eases were as follower! - V ° results - Tlie ]ipase titer and diagnosis 
nephrosclerosis and arteriosclerosis ^ ^ S ° diUm bydroxide ’ hypertension, 
kinking of the right ureter "\ N/2 ° p0S ? iWe 

pyelitis, cystitis, and nephriti^ V ~° S ° dlUm bydroxide ’ diabetes meIlltus ’ 

disturbance ^f ^hepatic 11 function ^may ^ ^ Sobraser ’ and Mol ° an2S tbat 

of gastric and duodenal ulcer The ^ “ ° logic factor in t,ie occur “ 
on thlc a p. ' 16 ex Penments here reported throw no light 

P ■ though we found positive evidence of disturbance of the 
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» together in 76 per cent o£ the cases 

function of the liver or pancre^ ol o bothjo^ ^ reliable tcst| 

of gastric and duodenal ulcer s disturbances might just as well have 

the lesions underlying these tunc ion • . factor in its production, 

bee,, secondary to the ulcer as a „, -unary and ct.dog.n taeto, 


CONCLUSIONS 

I An enzyme capable of splitting olive oil was found to be present in the 

bleed of 38 (78 per cent) out of SO patients with pepbc u ee, 

0 ThP amount of this enzyme present, indicated by its alkali titei, nu 

no relation to the probable duration of the nicer or to the age or sex ot the 
patient. ^ ^ ^ ^ ^ ^ ^ thc bl(KM , is due to assoeiated 

dy “ tu„r;z: zzz e » £ * e- ■ 

enee of one factor of .be surgical risk, na.nely, 

structure or function of the liver and pancreas, m pat.ents ,„tl, pept.c llkel. 

W, wish to thank Dr. Clan*. E. Brown ot S,. Lot,.-, Hospital and Hr Harry Sln C o, 
ot the Coot County Hospital tor tire prlvile E e ot usto E tboir ol.moal oases tor Hue •M>. 
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C AKC'IXO.AIA OF THE PANCREAS 0 

iV ' IIlfK ’ M ' Dv AXD IlAKOU> * U Mortimer, M.D., Chicago, III. 

I of the pancreas we 1 liave^e viewed^ H)' 1 U,,d • symj,toillatolo feT of carcinoma 
the period from January 1 ii>*« , ea!,es l )romI at autopsy, seen during 
the Cook County Ilosnit-d i~ ’ ° ’ anuar * v The records are from 

Educational Hosni 1 1 ^ are from the Research and 

* H. Ja«, patL^'l: - «* «**-? *» * Dr. 

eases, even those confirmed bv 1 " f C<m " t3 Hospi,al - Clinically diagnosed 

omitted because of the -rent "?* pn)Ved by necropsy, are 

the pancreas is not mentioned.' 1CUlhe ' S 1,1 dia » nosi «- Metastatic carcinoma of 

the elder Da Costa 1 wote^oMt* aT P " ne *'® a . s cerhdn) y goes back to 1857, when 
about it. Ancelet 3 in iqui . " 0,lc ier f‘ * n i- s quoted as having written 
Bard and Pic 4 in Ififis n * V ° U . CS nient * on °f it in his monograph. However 
of carcinoma of the head ITm the cIuucaI P ie t>me accepted as classical 
gradually pervaded the ,.i i le , ® and * Knowledge of this last work has 
that time have accorded c^ *• ^ medleal literature. French writers since 
place in their medical literature ^ ° f ^ paacreas a relative ? 3 r iin Porfant 

necropsies. In th^^rouD^her />933 a “ topsies C0Ilst itutes 0.63 per cent of all 

carcinoma of the pancreas made™”- 9 ? maIignancies of ttU sorts ' Primary 

cinoma of the stomach was seen ni t ° f mali " mncies - C ? r ‘ 

The ratio between the number of , ’ p61 ' ^ of aI1 mal ^ nane,es< 

pancreas is roughly 4 to 1 Lib L Iqn'T “ f ^ St ° madl t0 th °“ ° f 

in men among 8,777 deaths due to , i U1K ° 4 carcinonias of the P aucreas 
woman mi • , * 1 malignancy, and 50 in 11,266 similar cases in 

Z 2 ";T“ h “ Stalist . i “ » ■•««» of 87 carcinomas of the stomach to 

clnonia 0 le pancreas in male. Our figures are more in agreement 

'From the Department of Patholotn- , 

Department of Medicine, University of iHinols County Hospital, R. H. Jaff<5, Director, and the 
Received for publication, October 21, 1933 
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Here in 700 nec-rop- 
onlv 1 1 uan- 
■cinoina of the 


mcK-MOUTIMEK 

vith figures from the Massaetn^ white there were < 

;ies, U carcinomas of ^ ^ l \- roJU large statistics ^Oes ihat uiYl „ a n'.s 

- °I ftr Ito ^ P- cent of all - ^ ^ ° the pancreas 

pancreas const nuu postmortem. l-<h P a tL . , n in me n 

cases of malignancy exa.n I mW . K iu the majority, as 41 s ou 

Iti our series of eases mal • . , . ■.,«,wh>nince of P os 


„ sene o, cases males r 1 *. ’“”± J crnneVot postmortems on 

ana W " * £« mo * * “* 

men. the authors ^ ^ this ratio holds, 

series described in the liteiatme 



MiralUco 
Speed 10 
Euchter 11 
Kiefer 12 
"Watlau 13 
Ewing 

Oser 11 

TT , w . per cent) of the autopsies are on colored people, 
Though a fair share (38.4 per cem; 

only five of our patients were negrow. limited to the head of 

Of the 50 in this senes, in only 2 -™" « ft » w the body or tail. In only 
the gland. In 23 cases the neoplasi ^ pancreas . One was from an aber- 
four cases did the neoplasm occup proportion of carcinoma 

rant pancreas in the mall of rt« • ^ contrast to the flares 

of the body and tail, namely 46 per cent, 

of others. _ . - mri! , avose j n the common duct have been 

All cases in which the car and Li f V endahl, 13 who worked with 

excluded. As pointer ou > ms of the biliary passages are often 

practically the same catena , P reas even at laparotomy. They 

occurred much more fluently than car- 

cinoma of the head of the pancreas. 

anatomic findings 

V tw nancreas ranged from 3 cm. in greatest diameter 
Grossly the tumors ^ WBged from firmness to stony hardness 
to as large as 1. om. ■ into the neighborrng organs and 

Characteristically th D n0 ease was t b e re any semblance of a cap- 

tie r "mto r str I elfc otttn outlined the lymphatics through tvhich the tumor 

had extended. ^ foTmd that 27 of the tumors were the adenoear- 

yiicroscopiea y two. medullary; two, alveolar; and one, sim- 

unclassified types of highly undifferentiated carcinoma. The 
plex. a r relation to the duration ot the disease or the 

“JTXeSr S, three eases in tvhich there were no met.stases were 

all scirrlius. 
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The pancreatic ducts were often obstructed and hence distended in the 
distal part of the gland. The circumference of the dilated duct commonly 
reached 30 mm. The gallbladder was found dilated in all but two of the 19 
cases of carcinoma of the head of the pancreas with jaundice, and one of these 
patients had had a cholecystectomy years before. Courvoisier's rule holds, 
therefore, in roughly 95 per cent of these cases. However in only 6 patients 
were the clinicians able to palpate the gallbladder. 

Metastases of these tumors are very important since they dominate the 
clinical and pathologic picture in many patients. In only three patients were 
there no metastases; all three tumors were in the head of the gland and were 
of the seirrhus type. The lymph nodes in the upper abdomen and the liver were 
most regularly affected, each showing metastases in 68 per cent of the cases. 
Carcinomatosis peritonei was found in 22 eases, though only 9 had an ascites 
that was demonstrable clinically. Lymphatic spread to the mediastinal glands 
and the pleura was quite frequent. Even a carcinomatous lymphangitis of 
the right upper lobe was found in one ease. Liver metastases, contrary to 
being small as described by Bard and Pic are of fair size averaging from 3 
to 7 em. and reaching 15 cm. in diameter. 

Involvement of the stomach by direet extension of the neoplasm occurred 
six times, all in carcinomas of the body' or tail of the gland. The duodenum 
was invaded seven times. This anatomic lesion will explain the common find- 
ing of blood in the stools, as well as the frequent false results of roentgenologic 
examination of the stomach. 


Bizarre metastases are quite frequent and often occur early in the course 
of this disease. One carcinoma had invaded both ureters from retroperitoneal 
metastases and given rise to hematuria. Another had extensively riddled the 
submucosa of the entire small bowel. One invaded the transverse colon caua 
ing an obstruction. A fourth had caused a kink at the splenic flexme by 
fixing its supporting mesocolon with carcinomatous infiltration. Only" one a 
metastases at the umbilicus. Only one had invaded the bones, the imasion 
being the result of direct extension from metastases in the mediastinal lymip > 
nodes. 

In contrast to the lyanphatie spread which was so common, distant hema 
togenous metastases 10 were found in only two cases. Both showed lymphatic 
spread from a primary tumor of the body of the gland as well. The first sue^i 
ease had an extensive lymphatic spread to all the viscera of both chest an 
abdomen, and in addition had multiple intracutaneous nodules of caieinom^ 
over the face, neck, and shoulders. Another ease showed involvement o ^ 
retroperitoneal lymph nodes and also had an isolated metastasis in the m3 
cardium. 


PATHOGENESIS 

There is no apparent connection between carcinoma of the panel eas and 
regeneration. Cirrhosis of the liver with associated cirrhosis of the pancrea^ 
is rarely followed by. carcinoma of the pancreas. Only three such cases jsei 
found in the literature. 17 In these cases proliferation of the duct epi 
may be a precancerous lesion. In cases of chronic obstruction to e P‘ 
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ereatic duets from, any cause, the acini may atrophy while the duet system 
often proliferates producing buds of tissue like the islands of Langerhans. One 
of this series showed a moderate degree of this process. In three cases, mul- 
tiple small congenital cysts were found in the pancreas, whose occurrence 
might suggest the theory of carcinoma arising from misplaced embryonic 
tissue, the cell rests of Cohnheim or the hamartomas of Albrecht. Interstitial 
pancreatitis as a precursor to carcinoma was not found here. Gallstones were 
an associated observation in only G of the 50 cases. 

T. Cherry 1 * of Melbourne produced carcinoma of the pancreas in mice, 
experimentally, by inducing chronic inflammation of the area by the injec- 
tion of tubercle bacilli to which mice are resistant. lie showed carcinoma 
arising from the ducts in these animals, with intermediate stages present. 

Among these 7,932 necropsies, there were found two small adenomas of 
the islands of Lauderhans. One was seen in a pancreas in which a carcinoma 
had arisen from the ducts. The other adenoma was purely an incidental find- 
ing at autopsy. Neither of these patients presented any symptoms of hyper- 
insulinism. 


CLINICAL RECORDS 


Since three patients entered the hospital moribund, and no adequate his- 
tory could be obtained from another patient, the study is limited to 46 clinical 
records. Of these cases the duration of the process judged from the onset of 
the first symptom that could be ascribed to the lesion in question, varied from 
two weeks to three years for an average of 6.9 months. Only five said their 
trouble was of more than one year’s standing. 

Pain was the first symptom noted in 23 eases. Weight loss was noted first 
in 6, jaundice in 6, anorexia in 7, abdominal distension in 3, and edema of the 
legs in one. Pain and weight loss were the most constant symptoms occurring 
in 43 cases, or 93.4 per cent; next was anorexia in 30 cases or 65 per cent; then 
jaundice in 23 cases or 50 per cent; constipation in 17, or 36.9 per cent; vomit- 
ing in 16, or 34.8 per cent ; and nausea alone in ten others. Diabetes was present 
in eight, or 17.4 per cent. Polyphagia was present in three cases. Diarrhea 
was a complaint of only one patient. Kiefer in his series of 33 found cachexia 
including loss of weight to be the most common symptom, jaundice second and 
pain third. Speed in his group also found these three symptoms to be the most 
common in the order named. 


Pain was undoubtedly the most constant symptom. Kiefer reports it as a 
symptom in 21 of 33 patients. Speed has it recorded in 61 per cent of 50 
eases, while Mir all ie writes of it as an important symptom in 56 of 113 patients 
The pain was most frequently epigastric in location, being there in rouridv 
three-fourths of all the patients. It varied from a soreness to a most excrueiat 
mg type of paroxysm requiring narcotics for relief. It oecasionallv radiated 
around the costal margins and in a few instances even up into the "chest In 
the ease with ureteral involvement, pain radiated down to the "reins Little 
relation was noted between the pain and the time or type of food-takhm- hmv 
ever, it was frequently produced at the onset by taking verv lai-m mZL 1 
fatty foods. In only two instances it was partially relieved by alkalies orTiy 
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vomiting. These two patients got relief with Sippy ulcer management for a 
period of two weeks, after which that was not effective. 

Pain in the back occurred in association with epigastric pain in .15 eases 
while it was limited to the back in 2 patients. This symptom, pain in the back, 
has been noted in the literature particularly by Chauffard. 18 who in 1908 drew 
attention to its presence in carcinoma of the body of the pancreas. The pain 
is chaiaeteiistieally located in the lower dorsal and upper lumbar regions of 
the back, and is most often to the left of the midline. It is severe and relieved 
in many instances only by the upright position of the hod;/ as by sitting up, 
walking with the body bent forward at the hips, or lying curled up on the right 
side. Lying on the back seemed to aggravate the pain, and so quite often the 
patients described the pain as being worse at night or said that- it first bothered 
them during the night. Of the 15 eases in which the pain occurred in the back, 
the tumor was found in 9 to involve the body or tail of the gland; while -l were 
primarily in the head, and two occupied the entire organ. Eleven of the 15 
patients with pain in the back showed at autopsy a carcinomatous involve- 
ment of the body of the pancreas, which suggests that this symptom may be of 
diagnostic significance in doubtful cases. As to the way the pain is produced, 
obstruction of the pancreatic duet with its subsequent distension is one theory; 
just as dilatation of the biliary ducts is thought to cause pain. Invasion of 
the celiac plexus by the newgrowth is the most commonly accepted explanation. 
Many cancers which have retroperitoneal metastases, as carcinoma of the stom- 
ach, liver, or lung, produce pain in the back as a distressing symptom, even in 
the absence of metastases to the spine. We have not observed any postural 
relief of the pain in any of these other tumors. 

Anorexia was a major complaint of 21 cases being associated slightly more 
often with carcinoma of the head (56 per cent) than with carcinoma of the 
body of the gland (47.5 per cent). Nausea and vomiting usually followed in 
sequence. The loss of appetite bore no relation to the presence of icterus or 
to duodenal obstruction. In fact of 13 showing direct invasion of the duodenum 
or stomach, only 5 patients had anorexia among their chief entering complaints. 

Hematemesis did not occur in any of this series even in those with malignant 
ulcere in the stomach although 8 of the 21 cases having gastric analyses showed 
occult blood in the stomach content. 

Jaundice, so strikingly a part of the picture of carcinoma of the pancreas 
since Bard and Pic wrote of it, was by no means constantly present. It occurs 
here in 23 of the 50 eases. It was the initial symptom in only 6 cases. It was 
absent in 3 of the 22 cases having carcinoma of the head of the pancreas. 
Since the jaundice is due to the compression of the common duet by tumor 
tissue, no jaundice follows when the tumor spreads in such fashion as to miss 
the common duet. Jaundice was present in 3 of the 4 cases of carinoma of the 
entire gland, and appeared once as a result of compression of the hepatic ducts 
by a metastasis from a cancer in the body of the gland. Once the jaundice 
appeared it did not recede, save in one woman who was icteric for 4 months an 
recovered only to have a recurrence of the icterus 6 months later, this time wi 
weight loss and a progressive downhill course. The icterus indices ranged up 
to 250. 
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the eoinmon duet iuhi causing a \oij P D 

ic'eri" "rl,> «, entirely tree tom pain. In general when present w. h 
jaundice in cancer of the head of the pancreas, the pan, was nennlly ^ 
severe, aching in character, and spontaneously mn.ttent tor J». t pumds. I 
bore no definite relation to postural relief save m one ease. At no tune had 
there been colics requiring morphine. 

• W ei«ht loss ranged from 10 to SO pounds, averaging 37 pounds It was 
the first symptom in 7 patients and had taken place in from two weeks to one 
year. Kiefer described an average weight loss of 28 pounds and stressed the 

speed with which it took place. 

Diabetes was present in eight cases, or 17.8 per cent. This is a much higher 
proportion of diabetes than others have given. Joslin- 0 says the association is 
very unusual and quotes from Kiefer. Three of the patients had known of 
their diabetes before they entered the hospital. One of the latter first knew of 
her Glycosuria when she consulted a physician because of epigastric pain and 
pruritus vulva. The blood sugar values on these S patients ranged from 166 
to 950 niG per cent. In 2 of these 8 cases the entire gland was affected while 
in 3 the tumor was in the body, and the remaining three were primarily m the 
head of the pancreas. In the latter three one had an atrophy of the distal 
portion of the gland, and another showed multiple cysts occupying the body and 
tail of the gland with a virtual destruction of the parenchyma. 

Polyphagia was present in three cases. Two of these had diabetes to which 
the symptom may be ascribed. The remaining case showed no other manifesta- 
tion of a suspected hypoglycemia and did not have an adenoma of the island 
tissue at necropsy, hut instead a seirrhus carcinoma. Not a single case presented 
the symptom complex, described by "Wilder et al. 1 

Diarrhea was present in only 1 of the 46 patients. Constipation was a 
complaint that had been present in 17 patients for variable periods up to many 
years. Without a single case of fatty stools recorded this lone instance of 
diarrhea would indicate that loose fatty stools with jaundice occur less fre- 
quently than is supposed. The frequency of constipation only emphasizes the 
rarity of diarrhea. 

PHYSICAL FINDINGS 

On examination of the abdomen a tumor mass was palpable in 35 cases. 
In 25 these masses were in the right upper quadrant and had been called 
metastatic tumors of the liver. In 7 instances the mass was limited to the 
epigastrium or spread to the left hypochondrium. In 5 eases both upper quad- 
rants showed masses. All of the masses were hard, only a few nodular. As a 
rule the masses in the epigastrium were fixed, hut in at least two instances in 
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which the carcinoma protruded anteriorly from the body of the gland, a move- 
ment of 3 cm. or more with each respiration was noted. 

Ascites was found in 8 cases on clinical examination. Each was due to a 
carcinomatosis peritonei. In one instance the carcinoma nodules could be pal- 
pated through the abdominal wall. Rectal examination in three cases revealed 
hard lumps in the culdesac which proved to be drop metastases. Two had been 
thought to be a primary carcinoma of the rectum. 

Fever was present during the hospital stay of 10 patients, or 21 per cent. 
The temperatures ranged from 97° to 102° F. Bard and Pic thought these 
eases all had subnormal temperature. 

ROENTGEN FINDINGS 

The x-ray examination was found to be of little help in the diagnosis in , 
most instances. On the contrary misleading information was not infrequently 
obtained. Of 6 cases in which fluoroscopic examinations revealed stomach de- 
fects, 4 were infiltrations of the greater curvature by the pancreatic newgrowth. 
Two more were reported as pyloric obstruction. In a patient having metastases 
to the mediastinal glands the roentgenogram was that of a carcinoma of the 
esophagus. A single case showed what was taken to be an extragastrie mass 
with displacement of the stomach. One that had invaded the transverse colon 
gave the findings of a carcinoma of the transverse colon with obstruction. 
Seliolz and Pfieffer 22 reported two cases of carcinoma of the tail of the pancreas 
showing a deformity of the greater curvature of the stomach due to an extra- 
gastric mass. On its presence one of their cases was accurately diagnosed. In 
carcinoma of the head of the gland a widening and stasis of the C-shaped 
duodenal loop has been described but was seen here only in the large tumor 
arising from an aberrant pancreas in the wall of the third portion of the 
duodenum. X-ray examination is chiefly helpful in these cases by ruling out 
pathologic processes in the stomach or duodenum. 

Upon review of these clinical manifestations of carcinoma of the pancreas 
as shown by our series of proved cases, one is unable to point out anything 
absolutely characteristic. On the contrary the difficulties of an accurate pre- 
sumptive diagnosis is impressed upon us. Carcinoma of the head of the gland 
affords perhaps the best opportunity of diagnosis with the symptoms of pain, 
icterus, and weight loss pointing the way. The jaundice is not, however, pain- 
less as has been stated, for pain was present in 17 of the 19 of this type o 
patient' with icterus. Pain must be taken as a cardinal sign. We present tie 
following as a typical ease history of a patient with a carcinoma of the iea 
of the gland. 

CASE REPORTS 

B. S., a white male, fifty-four years old, entered the Cook County Hospital Jul) 8, 19^> 
and remained until September 3, 1925. He said lie had been well except for a gr “ 
of weight of 20 pounds in the preceding six weeks. Two weeks before entrance ie ^ 

jaundice and marked weakness. Anorexia had appeared at the same time. ® url0g 
weeks before entrance he had taken only a little tea and cake. Pain m the > m 

quadrant had been present only one week. It was dull and aching and though o ^ ^ 
not require narcotics. It did not radiate. He said that it went away if he lay q ■ 
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noticed white stools for tlio post two weeks. During the sumo time his urine 'vas very dark. 
He did not have a diarrhea. Physical examination revealed a white laborer who had lost some 
weight but was not aeutely ill. lie was afebrile. The abdomen was rounded, soft and tym- 
panitic, the liver firm and enlarged. Its edge was felt 7 cm. below the right costal arch in 
the nipple line. No nodules were made out in it. The rectal examination did not detect 
any masses. At exploration there was found ascites. The liver presented multiple metastatic 
nodules. There was a hard nodular mass in the region of the head of the pancreas. The gall- 
bladder was grossly- distended. The patient died in less than three months still very deeply- 
jaundiced, and terribly emaciated. His pain had persisted throughout the course of his 
illness. At autopsy a carcinoma of the head of the gland was found, with complete ob- 
struction to the pancreatic and common bile duets. Small metastases were present in great 
numbers of the liver. There were small metastases in the retroperitoneal lymph nodes. The 
primary tumor had invaded the second portion of the duodenum and ulcerated through the 
mucosa. 


When the tumor involves the body and tail of the gland the diagnosis is 
even more uncertain but in certain cases, can be presumed. In a given case 
where a malignancy is suspected because of the age of the patient, loss of 
weight, epigastric distress, and especially pain in the upper lumbar area which 
responds to no simple measures save perhaps a change of posture, and with no 
other definite source of the tumor demonstrated, even by x-ray examination, 
carcinoma of the body or the tail of the pancreas is to be strongly considered. 
In those patients barring diabetes, the attention will be focused on the pancreas. 
Where there has been an extension of the process to the stomach, the entire 
picture may exactly simulate carcinoma of the stomach. 

The following ease is presented as typical of carcinoma of the body of 
the pancreas : 


X. B., a colored woman, aged sixty-one years, service of Dr. E. F. Foley, entered Cook 
County Hospital on June 9, 1931, and remained for seventy -five days. Her entrance com- 
plaint was of an epigastric pain, winch had been present for five months, and a pain in 
the back, which had been present for three months. She had lost about 50 pounds in weight 
in the preceding six months. The epigastric pain was most intense slightly to the left of 
the midline. It reached its height about two hours after meals, but was present all the time. 
She described it as an aching or gnawing pain. Neither soda nor food brought relief. 
Though she was not hungry and occasionally was nauseated, she did not vomit and had not 
induced vomiting. The pain in the back appeared two months after the onset of the 
epigastric pain, which had gradually spread around either costal arch to the back. The upper 
lumbar and lower thoracic areas were affected, particularly on the left side. This pain was 
at its worst when she lay on her back. Sitting up and bending forward diminished the pain. 
She bent forward on walking, but could stand erect for a few minutes at a time 

Physical examination showed a colored woman who had lost much flesh, but still weighed 
160 pounds. Her temperature was 99.6° F. and ranged down to 97° F. in the mornings She 
was not icteric. All the physical findings were in the abdomen which was rounded and 
soft. There was a poorly outlined hard mass in the right upper quadrant. The kidnevs and 
spleen were not felt. An ascites was demonstrated by the presence of shifting dullness 
Rectal examination showed a hard mass about walnut size fixed in the culdesae * 

Her clinical course was progressively downhill. The pain and weiJht ’w„ 

An aversion to food developed six weeks after entrance The ascites he persisted. 

1 S'“>r « '•»!»• ">"«> "■» TOt in this fluid." Ti„, , ” j"' /' “ 

oratory study was as follows: The urine was nersistentH- it e result of the lab- 

bile. The stools «... negative to, blood ”^7^1”%^“'™.'.'.?""“' "«"• " 

average aetfl.t, „< degree., and a w £ “".Shi™ “ 
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tlie white blood count averaged 10,309, and the red count stayed close to the entrance count of 
3,700,000. The blood sugar was So mg. per 100 c.c. ; the icterus index was 4. The x-ray ex- 
amination showed nonvisualization of the gallbladder after oral administration of the dye. 
No anomaly was found in the stomach or duodenum. On two occasions a constant deformity 
with constriction of the hepatic ilexure of the colon was demonstrated with barium enema. 

At autopsy a carcinoma measuring 8 x 5 x 4 cm. was found in tho body of the pancreas. 
There was an ascites due to carcinomatosis of the peritoneum. Numerous inetastases were 
present in the liver. The hepatic Ilexure of the colon was bound to the undersurface of the 
liver by old adhesions. 

COMM EXT 

It is obvious that because of the difficulties of diagnosis and the short 
average duration, the treatment is only palliative. The difficulties offered to 
surgery by the anatomic position of the pancreas and its close relation to the 
celiac plexus make extirpation almost hopeless, even if a diagnosis were made. 
As a palliative measure choleeystenterostomy has been done chiefly for relief of 
the icterus. A single case in this group had survived a cholecystogastrostomy. 
This patient was relieved of his jaundice for four months when it recurred and 
persisted until his death eight months postoperatively. His pain was not re- 
lieved though Speed says much relief is frequent. There is no reason to think 
a simple exploratory laparotomy will relieve the pain. 23 


SUMMARY 

1. Primary carcinoma of the pancreas comprises 5.3 per cent of all car- 
cinomas. It occurs about one-fourth as frequently as carcinoma of the stomach. 

2. Carcinoma of the body and tail is as common as carcinoma of the head 
of the gland. 

3. The most frequent symptoms of carcinoma of the pancreas are pain, 
weight loss, anorexia, jaundice, and nausea with vomiting. Diarrhea is quite 
rare. 

4. Carcinoma of the head of the pancreas produces in three-fourths of the 
eases a progressively intense, moderately painful jaundice due to obstruction 
of the common bile duet. This cannot be differentiated from carcinoma of the 
biliary passages, a much more common lesion. 

5. Carcinoma of the body or tail of the pancreas may be a presumptive 
diagnosis in the patient who is suspected of having an intraabdominal malignanc} 
and who presents boring epigastric and upper lumbar pain partly relieve 
postural changes, provided that no other primary tumor can be demolish a e 
The presence of diabetes further supports this diagnosis. 

6. The early occurrence of widespread metastases and the rapid pio^i 
of the disease make the treatment purely palliative. 
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THE USE OF SYXTII ALIN IX DIABETES MELLITUS* 


Leo Iv. Campbell. M.D., Chicago. 111. 


<-pHE purpose of this experiment teas to study the action of synthalini on the 
1 "lucose metabolism in a ease of diabetes mellitus. 

°The product used was decamethylin-diguanidm, named syntba m by Frank 
Nothmann and Wagner 1 - 2 in Breslau and first used by them m the treatment 
of diabetes mellitus. It was reported to have an insulm-like action when given 

by mouth. 

CASE REPORT 

T Q male, aged forty-sis, weighed 69 kg. This patient first developed symptoms of 
diahete's mellitus at the age of forty-three during an attack of pneumonia, which was followed 
hr empyema ■ and at the time of the experiment he had been d.ahetrc tor three years. The 
diabetes had only been accurately controlled for the three weeks prior to this experiment. 
With a diet of carbohydrate, 76 gm.; protein, 57 gm.; fat, 183 gm.; or available glucose, 
“G ”* 107 gm - cal. 2,179, and insulin, 20 units before breakfast and 10 units before the 
evening meal, the urine ’was free of sugar. He was an intelligent and well-trained diabetic 
patient. 

KVPF.RIMF.XT I 


Method of Study . — The diet was made up of 800 gm. of whole milk and 
800 gm. of 20 per cent cream. One third of this mixture was given between 

•From the department of medicine of Rush Medical College of the University of Chicago 
and the Presbyterian Hospital. 

Received for publication, October 4, 1933. 

»The preparation used in this experiment was obtained from C. F. Kahlbaum through 
EH UUy & Co., of Indianapolis, Indiana. 

V’G," or available glucose, was calculated by the formula. “O” = C tQ.58P +0.10F. 





Table I— Cont'd 


(WMPBEU. 


SYSTUAMX IS' IMAHKT&5 MEU.ITI'S 


106.9 



liJJO | .1.010 I 1.00 I 0.307 J 15.2 i 0.S01 1 Insulin S-0-0 
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THB J0URiVAL ° F r “ lB0HAT0Ki ' ^ CLINICAn MKOXCXB 

6 19? C L S ^ ^ 0De ^ bet "™ 

1Uent ^tedTllaUheTonten? of C find fZ 

The complete 24-hour specimen of , • ^ lnlxture was constant, 

the Polin-Berglund method and oil ™ MaN dail T for glucose by 
Process and for creatinine y t} «lahl 

^ a check on the urinarv iZj D T 7'r "T* The Iatte ™ -d 
wore “>ade by the Folin-Wu method. ff Wood su " ar determinations 

■VYJ! . RESULTS 

the breakfast and 10 units before 6 °*f Cnm ? ntal dlet > 20 units of insulin before 
ize the urine. When S units wero • 'T^ 1UGaI wero uecessary to desugar- 
ning-, the urinary glucose excretion ** ° rc breakfast a » d uone in the eve- 
This dosage was carried throughout"/]* ^ f* !° VCl that Was desirable for study 
urinary glucose excretion durino* ti ln 1° W1 U ? ex O eni “ent. The average daily 
elusive, was 5.76 gm Burin* th * or *;P eriod from April 29 to May 3, in- 
the average urinary glucose elZZ ?- PGri ° d from ^ 4 to 9 > inclusive, 

10 to 17, inclusive, the average on Mas *56 gm. In the after-period, or May 
toxic effect of the drug was noted aMnaiy ff UC0SC excretion 1.90 gm. No 

level of glycosuria Zs\ritlZ Zd'Z?! ° Ut . the , same 35 Experiment I, the 
the use of insulin. The aver air > e e ^ Ua u ^ nd ts for experimentation without 
fore-period, June 2 to 10 *.r .- * Ie daiIy un 'uaiy glucose excretion in the 

During the period of the •idininT? 6 ^' 1 * ® m - and the nitrogen, 6.5 gm. 
the average daily urinarv '-W Strat,0,I . of s T»thalin, June 11 to 16, inclusive, 
ym - fu the first after-period °T eX< ^® tion was 1-65 gm. and the nitrogen, 6.3 
glucose excretion was 4 67 (mi 1 # -° delusive, the average urinary 

period, June 23 to 29 inch * anc , t le nitrogen, 6.2 gm. In the second after- 
was 11.42 gm. and the IVe ’ * le avera S® daily urinary glucose excretion 
noted. ’ thG Mtl0 »en was 6.2 gm. No toxic effect of the dnrg was 

DISCUSSION 

4 he daily administration of n nox 

well-defined reduction in the s J n thaliir by mouth produced a 

in both experiments. The ma-' 1 ' 31 '' "h ,cofi e excretion in this diabetic patient 
urine was not reached until tlZZ 1 effect or com plete desugarization of the 
periment and not until the sixth • Z ° f administration in the first ex- 
of the level of urinary friucosoV™ .T- “ the see0Ild experiment. The failure 
of the fore-period in the first - 16 ,. 1011 to retlu 'u in the after-period to that 
natural tolerence of the nation t^h en “ ent was Probably due to a return of 
This was less evident in the second* 7^ ■ ° n by the peri ° d ° f des «g arization - 

m n lzT f: , od “ 

use of synthahn w^discoSinued! ^ ^ reP ° rted by ° ther investi " atora the 
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unrAUOUSM »►' O'-O 
SUMMARY 

, to tins diabetic patient completely 

The oral administration ot sj«t»»l 11 ff t „, ls sustained over a 

ilesugarized the urine in tour to six days. 

period ot several days. ^ Koutou „i, vote. .to a,l,i«e «ri «>*>“»" 

The author wishes to thank D . 
during these experiments. 

kekeuesces 

, Wanner A.: Klin. AYclmschr. 5: "100, W-6. 

1. Frank, E.; Kotlunann O ’ 067 10 2G. 

*2. Idem: Deutsche med. Wchnscnr. 


basal metabolism op old people. 

YOSUUK, [vise. U.D.. ano Takum. Ocu,. O.Cubu., Tokyo, Japan" 


X. INTRODUCTION' 

IT IS not only for mere scientific “ ter “* f will 

1 poses to detemtne the norma^ sta^daiKt^ sttct as £oo d re- 

serve as the basic level u lnm metabo l ism . In 1899, Magnns-Levy> 

S"“o"^e.d in order ,o compare the metabolisms ot norma, 

and abnormal individuals. MisUed papers on the normal 

Since then many research voike >uid t< f dmil , s . But the tfffi. 

standard metabolism with imp earetul selection of subjects and 

^ .be norma, standard of ,„e otd 

** - "t t 1Ia =^ 

“***, B ris‘ S H^ Betdict?Bo»«bby and Sandiford,- etc., discussed 
the basal metabolism of the old age group, and they are all in accord that 
metabolism is lower in older people, as long as they are m . norma, condition. 

However it seems to me that their subjects were too few to discuss the 
fact fully and in some papers the investigators did not include higher ages. 

For the past several years we have carried out a series of experiments 
to determine reliable data on the normal standard metabolism for he Japanese 
This paper is a result of such studies and concerns experimental data collected 

on the old age group. 


tt T7VT> 1 Pt>T*\rP! > CT 


a Material — We have chosen old people of both sexes above the age of 
fifty years. Due to their higher age, most of them had no special work, but 
they enjoyed retired life. Persons having definite symptoms of illness at the 

~*From the Department of Preventive Medicine. Medical College. Keio University. 

Received for publication, June 1. 1933. 
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changes of mild "T" 11,0 »* 

sm ' e ’ arteriosclerosis, rheiiniafisin in,] „t • sudl as high blood pres, 

changes to be more or less W * "*«*<• these 

The number u-hiel, llav ” ““"'I'anying age. 

50 »eir ages were L “ S * * — - 



X 

AGE u = = 

~ 50-59 ■ — T7 FEM ALE TOTAL CASKS 

00 - 0 !) 8 Sj 

7 °-79 10 r t 

so-so u ! is ot 

90-100 '* S J 3 

1 

91 

Method of Studii. 'j’j 1P . 

spring and autumn .seasons of m>9^n Taon" - Were . carried out durin ff the 

ranges of dry bulb temperature of 15 ° C or o.’ioV 'T \° have more unifo ™ 
3 -° or 4 . 0 , both of which «-<>.•« ’ " d <md dr y Ivata coefficient of 

The apparatus „ J Z'TT. " M< ' » f «“ s '">jeets. 

paratus with cot chamber. Ever - penment was a Benedict's respiration ap- 
out as the inventors 5 had advised ' ^ * ° WaS t;dcen and the procedure carried 

III- RESL'I/r AND DISCUSSION 

face m e ea!“we S Z“Tak»I !'?“ in T * b,e «. 11 *'*1 HI. To determine the ear. 
urements on Japanese r \ 01 m ula® which was derived from actual meas- 

mula, 7 since Japanese have a mtle'S?"? ^ D "- Boi ' S ’ hei " llt ' wei * llt fo1 " 
than do European races difterent proportion of the body structures 

A__ A = W "- 4St „ * 110 718 . x 71.49 

W’___ oiirrace area in square meters 

74 4 n 0I gl‘t bi kilograms 

jj Constant ' 

Height in meters 

a - Comparison of Different t„„ n 

in each age group is as follows: * Gro ”P s — A comparison of the metabolism 

Basal metabolism per sonn-p )M .r 
The difference between the a" P ff bour (Table IV >- 

the eighty-year -roup is 3 90 ^ i S1 -° UP ° f ±roni fifty to fi f ty-nme and that of 
(11 per cent) in calories (U per cent) in man, and 3.65 calories 

5 per cent Offie r an - ?! cWease * each ten-year pmiod is from 3 to 

metabolism in anyagTgroup 61 ^ 8TadUal there is 110 sndden drop ° f baSal 
corrdahon'coeffici'ent f SqUai ’ e met61 ' P61 ' W and age haTe the fol3o,vill = 


Male 

Female 


-0.5173 ± 0.0715 
-0.3801 + 0.0816 
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Though there is a little different eorreJation coefficient between wale and 
female, both groups have negative correlation. Calculating with these data we 
found the prediction equations of heat production based on age to.be as 
follows : 


Male H = 42.5042 - 0.1202 A 

Female H = 40.2902 ~ O.lOStJ A 


Table II 
Male 


l 

so. 

AGE \ 

V El GUT 

HEIGHT | 

.SlKKACE j 
AREA 

0. CON- 

SUMED 

PER HK. 

1 


(KG.) 

(CM.) 

(-'<)- 

<!-) 

r>o 

49.60 

154.2 

1.41 

11.24 

•> 

51 

50.80 

157.5 

1.51 

9.95 

't 

o 

54 

47.00 

146.0 

1.34 

9.7 1 

4 

54 

39.00 

142.9 

1.21 

.8.31 

5 

54 

50.20 

152,3 

1.41 

10.65 

6 

53 

47.10 

164.5 

1.51 

10.48 

7 

5(5 

36 30 

151.0 

1.24 

0.40 

S 

5(5 

49.00 

158.3 

1.43 

10.22 

<i 

57 ! 

43 70 | 

149.5 

1.3(1 

10.96 

in 

58 

53.10 

156.8 

1.53 

11.59 

it 

58 

39.00 ! 

146.2 

1.23 

9.78 

12 

5$ 

47.30 ; 

142.0 

1.31 


13 

Ave. 

39 

55.4 

47.(55 

46.10 

158.0 

152.3 

1.47 

11.38 

u 

60 

43.00 

146.5 

1.33 

9.47 

1) 

60 

49.50 

151.5 

1.49 

11.45 

16 

60 ; 

40.00 

144.0 

1.28 


■ 

63 

4S.70 

155.0 

1.46 

10.88 

IS 

63 

55.20 

101.0 

1.57 


19 

64 

45.90 

148.0 

1.33 


21) 

64 

41.60 

i 149.2 

1.28 

9.30 

21 

65 

55.50 

163.0 

1.61 

12.24 


65 

40 25 

151.5 

1.33 

10.07 


66 

46.00 

151.8 

1.35 

8.92 

24 

66 

5*2 S5 

1G4.5 

1 1.62 

12.06 

25 

66 

44 22 

153 0 

1 1.40 

9.66 

2(5 

66 

46.90 

156.0 

1.46 

9.96 

27 

66 

43.20 

| 147.5 

1.34 

9.86 

28 

A vp. 

, 68 
! 64.1 

42.55 

46.40 

; 155.0 

I 153.5 

1 38 


29 

> 71 

52.60 

1 161.0 

1 .57 

11.31 

9(1 

72 

| 53 65 

| 156.0 

1.26 

S.ll 

21 

i 74 

37.75 

| 147 0 

1.26 

9.21 

32 

1 74 

! 46.60 

| 157 0 

1 1.45 


33 

t 75 

1 41.60 

i 155 0 

1 1 34 

9 74 

:u 

' 75 

43.85 

1 151.5 

j 1.38 

9.99 

35 

I 77 

40.95 

i 130.0 

l 1.26 

8.33 

3(5 

78 

50.00 

| 155.5 

! 1.4.8 

9.58 

37 

! 79 

45.69 

' 155.5 

1 1.43 

mm 

3S 

i 79 

50.70 

' 150.5 

( 1.52 

n 

A vi*. 

75.4 

44.30 

, 15 (.0 


3D 

80 

35.75 

131 0 

1 1.25 

; s.3s 

40 

! 81 

40.50 

152 5 

1.34 

8.81 

41 

I S3 

48.15 

I 167.0 

1 1.51 


42 

83 

39.60 

1 132.5 

1 29 

j 9.0S 

43 

80 

5D 30 

i 153 0 

; 1.54 

j 10.67 

44 

\vi\ 

93 

84.8 

44.50 

41.63 

t 154.5 

1 145.1 

1.40 

j 9.87 

1 


||||gg|OT 







mm 



(0) 




8.88 

0.79 

3S.1S 

1292 

9.60 

0.90 

52.93 

1193 

.8.33 

0.S6 

35.31 

1135 

6.89 

0.83 

33.22 

905 

10.12 

0.96 

37.74 

1277 

8.75 

0.83 

33.59 

1217 

7.77 

0.81 

36.48 

1086 

9.40 

0.92 

35.39 

1215 

8.55 

0.78 

38.49 

1250 

9.85 

0.85 

36.84 

1353 

7.04 

0.72 

37.36 

1103 

8.65 

0.92 

35.50 

1110 


0.85 

37.63 

1217 



3(3.05 

11S7 

7.39 

0.78 

33.40 

1085 

9.55 

0.83 

37.17 

1329 

8.96 

0.90 

38.17 

1173 

9.46 

0.87 

36.42 

1270 

9.16 

0.83 

33 54 

1269 

6.60 

0.73 

32.06 

1023 

6.60 

0.71 

34.06 

1046 

10.33 

0.81 

36.59 

1414 

8.37 

0.83 

36.69 

1171 

7 22 

0.81 

31.80 

1030 

9.90 

0.83 

36.03 

1401 

8.66 

0.90 

33.22 

1116 

8.07 

0.81 

32.83 

1150 

8.31 

0.83 

35.61 

1145 

8.38 

0.81 

36.05 

1194 



34.91 

118S 

9.06 

0.80 

34.52 

1303 

6.19 

0.76 

30-11 

901 

7.04 

0.76 

34.73 

1050 

7.28 

0.77 

33.84 

1178 

8.69 

0.91 

35.88 

1154 

8.S9 

0.S9 

35.56 

1178 

6.67 

o.so 

31.78 

960 

7.74 

0.78 

30.91 

1098 

7.59 

0.84 

30.66 

10.52 

S.47 

0.83 

33.61 

1169 



33.16 

1105 

5.87 

S.1S 

0.70 

0.84 

31.41 

31.89 

942 

1134 

7.31 

0.81 

2S 2S 

1046 

7.S1 

8.43 

0.86 

0.79 

33 53 
33.18 

1062 

1226 

8.22 

0.83 

34 in 

1146 



"2.06 

1075 
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Table III 
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Table IV 


age man woman 


50-59 

30.05 cal. 


31.02 eal. 

(10-09 

31.91 cal. 


33.15 eal. 

70-79 

33.16 cal. 


31.90 cal. 

SO- 

32.00 eal. 


30.12 eal. 


h. Sc x- Difference . — As Table IV shows, we noticed some difference between 
the two sexes. It is natural that a female requires less calories per day than 
a male, as the former usually is smaller in size. However, even when we com- 
pare the basal metabolism with body surface area, we notice the same differ- 


Calories per Hour per Square Meter 



e wh “l h JS effected, since the constitution and activities of the bodies of 

oft are different ‘ In the oid a S e g r ^P we found the average value 

f nales to be 34.46 cal. per unit, that of females to be 32.62 cal. This different- 

can be seen m every age group with an average difference of 5 per cent Thi 
i «*• bv Magbub-tevy and Benedict 

r. Comparison Between Young and Old Age Groups.— Takahira* fW 
ported reliable data on tbe normal standard of basal metabolism of tb r '' 
nese. He dealt with the age group between twenty and fifty i , 6 dapa ‘ 
averages to be as follows: * * ' and S10we( l the 


Male 

Female 


37.33 ± 0.1S2 
33.84 ± 0.301 
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Our results in the old age groups are : 

Stale 31.46 ± 0.247 

Female 32.62 ± 0.242 

By a comparison of these two averages we find that the old age group lias a 
lower basal metabolism by 6 per cent. The difference between the two sexes 
is 9 per cent among the young group, while that of the older group is 5 per 
cent. Here we notice that the difference of metabolism between the sexes be- 
comes smaller with the increase of ages. 

d. Comparison With Other Standards . — Aub and Du Bois 2 reported that 
people of from seventy-seven to eighty-three years had a basal metabolism of 
35.1 cal., i.e., 10 per cent lower than that of adults. Harris and Benedict 3 re- 
ported the basal metabolism of the sixty to sixty-four group as 34.8 eal, i.e., 
9 per cent lower than the young group. According to Bailey’s data 10 the 
basal metabolism in the sixty to sixty-five year group is 5 per cent lower than 
that of the younger group. In the data reported by Bootliby and Sandiford 11 
the metabolism of a healthy man, aged sixty years, was 37.4 cal., and calcula- 
tion showed that it was 10 per cent lower than that of their healthy younger 
group. Krogh 12 modified the Aub-Du Bois standard for ages fifteen to seventy- 
five and recommended a uniform reduction of 6 per cent from the standard. 

We cannot compare these data with each other directly, since the group- 
ings of the ages are different. Curves are drawn for graphic comparison. 

(Pig- 1.) 

Our curve on male groups almost agrees with that of Harris and Benedict 
in the period of from fifty to fifty-nine, but in female groups it differs a little, 
and it lies rather near to the Aub and Du Bois’ data. In general, our cune 
drawn with the data of the Japanese resembles that of Krogh, though our da a 
showed less difference between the sexes. 


SUMMARY 

Basal metabolism was measured upon 94 normal Japanese subjects, whose 
ages ranged from fifty to ninety-three years. It was found that the meta io isi 
of the aged is lower than that of younger people, and it decreases gra u3 
without a sudden drop in any age group. The rate of decrease in eac 1 ^ 
year period is about 3 to 5 per cent. We found that the difference 
between the sexes in the old age groups is smaller than in the j oungei 
Comparing with the other standards, the curve drawn on our c ata a D 
very closely with that of Krogh 's modification. ^ 

The authors desire to express their appreciation to Professor Yosliio Kusama 
helpful advice and criticism throughout this work. 
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THE BLOOD PICTURE IX ORAL INFECTION* 


II. H. Peterson, D.D.S., ano J. L. T. Appleton, Jr., B.S., D.D.S., 

Philadelphia, Pa. 


T HE data which form the basis of this report are the determination of hemo- 
globin percentage and the blood counts in the same cases of oral infection 
before and after treatment. These data were abstracted from the papers by 
Adams, Bryan et al., Bryant and Polevitzky, Burns, Harvey et al., Ivy, Logan, 
and Toren. 

In the original papers only the percentages of the several kinds of leucocytes 
were given. From these percentages and the white blood cell count, we have 
calculated the absolute numbers of the several leucocyte types in the cubic 
millimeter. 

Certain shortcomings must he pointed out in order to emphasize the tenta- 
tiveness of any conclusions reached in this report and in order to point out 
certain precautions which should attend the collection of fresh data. The clinical 
condition of the patient, both general and local, should he clearly stated. The 
indefiniteness of our title is necessitated by the indefiniteness of several of the 
authors whose papers furnished the data. In the selection of cases, serious and 
competent effort should be made to limit the observations to patients who are 
suffering only from one or the other of the types of oral infection chosen for 
study. Usually no mention was made of the technic used to determine the 
hemoglobin percentage. This is necessary to reduce observations to a common 
term before valid comparisons can he made. We have presumed that the same 
technic was used after as before treatment. If this was done, then a comparison 
is legitimate, although we can form no idea of the absolute amount of hemoglobin 
present. The time of day at which the white blood cell count was made was 
generally not mentioned. The possible effects of meals or of exercise apparently 
were disregarded. A standard procedure is desirable, e.g., the count should 
he made routinely in the monring before arising and on a fasting stomach. The 
erythrocyte, leucocyte, and differential counts made before and after treatment 
in any given case should he made hv the same individual, to minimize the “per- 


* From the School ot T>entlstiy. University ot Pennsylvania 
Received tor publication. July 18. 1933. 
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Chart 2. 


The data collected are presented in Table I and Figs. 1 to 3. The eases 
la mg within the normal ranges are represented by the blocked-in columns: 
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those falling outside the normal ranges, by | the^uUers at the left, 

of cases represented by each co tarn lll0 ie! on In «<»•«< 
Inasmuch as the number ol eas . . w . m , struct iu- the after treatment graphs, 

^ptafetta^as thejiumbcr ^ into pmen,:,^ t„ permit »m- 

it was unnecessary to tiansiaie 


parisons. 



Chart 3. 


CONCLUSIONS 


These are subject to the limitations and criticisms mentioned at the begin- 
ning of this paper. . , , . , 

1. Most cases of oral infection do not induce material changes m the blood 


2. In some cases, however, departures from normal are seen. Some of these 
departures are marked. The outstanding changes, when they occur, are: 

a. An anemia manifested by a lowering of both the percentage of hemo- 
globin and of the number of erythrocytes. 

b. Either a leueopenia or a hyperleucocytosis. In the present senes, the 
tendency toward a hyperleucocytosis is slightly the stronger. 

c. The number and percentage of neutrophiles may he above or below nor- 
mal. In this series, subnormal values appear the more frequently. 

d. When the small lymphocytes show any change, it is usually in the direc- 
tion of an increase in their number and percentage. Thus there may he both an 

absolute and a relative lymphocytosis. 

e. The number and percentage of large mononuclears, and eosinophiles 

often run low. 
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Table I 



Hb. pur cent 
Total li.B.C. 

Total W^BX\ 

NeutrophiJes 
Small lymphocytes 
Large 

mononuc lears 
Eosinophiies 

Basophiles 

.iorn,«l Ta,Ve Um ' , ° 1 ' **"‘ ,, "** e ° f tos »PW'« »W nm s Ii s Mj- above tlo 

noted in doin«- .. “J i 7°° inononuc ^ cal ‘s, eosinophiies and basophiies actually 

later and more%xtei si ” ** *° ^ ^ ” 0t be if 

3. FoUnl T * rCVerSCcl t,1C Stents listed above as e. and f. 

normal range. & eatmont the observed values usually tend to fall within the 

to the abnormal ki ^\ 01 [ S ^ le ' * eu ‘ s : ( fl ) that the dental infection contributed 
,„0 1 2 ; 1 r°t P1CtUrC ’ !mtl (b) thilt thc dental treatment applied was 

1 IC ' SS Sl,CCCSstul 111 combating the infection. 


1706, 1929 .^ ,Uf ' CaiU<! ° £ thC 1810011 Count iu Periodontoclasia, J. Am. Dent. A. 16: 

Rrvon A tir t-. 


Brjan, A. ^V. f Francis F I) T^'f 

Blood Following tl,o Vv4.? 8 ^ ra,d ’ H -, and Burke, J. W.: Morphologic Changes in 
Bryant, C. K, and PoTeviSv K T ? fPul P le « Teeth, J. Am. Dent. A. 15: 1512, 1928. 
Cases of Perianioal reuminary Deport on Blood Counts and Urinalyses in 

363, 1930. 1 ’ llfe<,tl0n , Before and After Treatment, Dental Cosmos 72: 

Burns, Itobert, Jr. : Removal nf n i t 

Immediate and M-iinf-i;,,., , ra . , Infection in Case of Pernicious Anemia Followed by 
Harvey, H. E., LaF.avre H R .,,,,1 "hatement of Symptoms, Dental Cosmos 68: 702, 1020. 

and the Derivation S ’ P ” B!o ^ Cell Counts in Dental Infections 

331, 1926. 0,11 T,iem of » Numerical Health Index, J. Am. Dent. A. 13: 

tur'banees, Dental Bev.^S^s^Wu ^ S T m P tom atology of General Systemic Du- 

T J e ’ /‘f With ^eiVthj^entaf^tem^f^In^erest' s^gT 00 1915 0n * C ° ral InfCCti °“ 

1 n> J 1922. agn ° SIS of 0ra! Infection by Blood Examination, Dental Cosmos 64: 917, 
4001 Spruce Street 



THE EFFECT OF VARIOUS COLLOIDAL 
METALLIC COMPOUNDS IN' NUTRITIONAL 


AND CRYSTALLOIDAL 
ANEMIA OF THE RAT* 


K. L. Iveil, Pu.D., and Victor E. Nelson'. M.S., Ames, Iowa 


K EIL and Nelson 1 have recently made an extensive study of the role of 
copper and certain other elements and amino acids in the regeneiation of 
hemoglobin. This work constituted an elaboration and verification of earlier 
data by Hart, Steenboek. and coworkers.' Goemer 3 states that salts of man- 
ganese, as well as of copper, are capable of increasing the hemoglobin of anemic 
animals when these salts are added to salts of iron. However, he observed that 
colloidal solutions of manganese and copper in the presence of colloidal solu- 
tions of iron have no hem«ltopoietic effect. Myers and Beard 4 found that higher 
doses of zinc and magnesium retarded blood regeneration. 

The experiments recorded in this paper were instituted in order to answer 
certain questions: First, does manganese act like copper in hematopoiesis? 
Second, are colloidal Fe and Cu utilized in hemoglobin building? Third, will 
Fe salts injected intraperitoneally cause regeneration in anemic animals? 
Fourth, what effect do Zn and Mg salts have on the development of anemia? 
Fifth, what are the minimum amounts of Fe and Cu required for regeneration 
of hemoglobin? Sixth, to what extent can different compounds of Cu be 
utilized in hematopoiesis? 

EXPERIMENTAL 

All of the experiments were performed on rats. The milk used for the 
production of anemia was collected directly into glass containers from pure 
bred Holstein cows, in order to avoid contamination with copper. The salts 
were examined spectrographically by a Hilger quartz prism spectrograph and 


TIME 

IN’ WEEKS 

0 

o 

4 

6 

8 


Table I 

Diet: Whole Milk Collected in Glass 


AVERAGE KB. 

(GM. PEE. 100 C.C.) 

PER CEXT 
ORIGINAL 

14.6 

100.0 

10.6 

72.6 

6.2 

42.4 

5.0 

34.2 

3.8 

26.0 


number or 
ANIMALS 
16 
16 
16 
15 
13 


shown to be pure. Carbon electrodes were used in the spectrographie examina- 
tion. Hemoglobin content was determined by the Newcomer method. The 
animals were bled by the tail. 

It is evident from the data in Table 1 that the consumption of the whole 
nulk u sed in these experiments produces a very marked anemia. Data have 


•From the Laboratories of Physiological Chemistry, 
Kecelvisl for publication. October 5. 1333. 


Iowa State College. Ames. 
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iilso been obtained which slmu- , 

addod to this milt. On the other hT* ,s ev<!11 tll0 «Sh iron salts are 
milk plus iron salts develop anemia ‘““"‘f* i re “ ivfa K “'dinarj- market 

Hmt ordinary market milk contatos 1 0K TiiS is in ‘ *» “ 

in ‘° 5,ass - Tl “ ! of copper in mNk Is vl “ble""^" 



"’ere made anemic on whole ,;n- ' u *' ,,oto,lt Jn hematopoiesis. The animals 

3 -7 gm. per 100 c e 0 50 «,«- nf n' len fhe liei “oglobin had fallen to 

"■are added the h^l d^M, ^ ** * « ***> 

average hemoglobin was 402.5 per 'cent 'fc™ e, ? ht weeks of a " e the 

i u nt ot that at the anemic level. 



Mu as MuSC) 1 411° o’ dad', *' le “ dlUt !°" of me. ot Fe as FeCJ, and 0.10 mg. 
elobin. Manganese therotoro 



Effect 

Table IV 

0F C0U '° ,U - U - *'“>* COFFEE SULPHATE ON 

Anemia 

— 

IX WEEKS 

average ub. 

(OM. PER 100 C C ) 

per cent of 
ORIGINAL HB. 

NUMBER OF 

AXIMALS 


o 

-i 

6 

S 

4.0 

10.0 

n.o 

14.7 

15.0 

100.0 

230.0 

244.1 

32G.2 

333.0 

10 

10 

10 

10 

10 


hemoglobin The n • f . iat eo ^°^ ci al iron can be utilized in the building of 
iZTa tte“nl C ° Il01Cla V r0n from copper-free FeCl 3 solution, 

from dilTvlm WaS a l6d t0 b0ilin " C «- f ree water, then dialyzed until free 
ii • a,? 6 “° a - Atter the animals had developed anemia, 0.50 ing. Fe as 

da 11 ou and mg- of copper as CuSO, .511.0 were added to the milk 
diet the same results were obtained by the injection of the colloidal iron intra- 
pentoneally. 
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'i’AULE V 


Khect or Ferric Chloride and Colloidal Copper on Anemia 


TIME 

IK WEEKS 

AVERAGE IIB. 

(GM. per 100 C.C.) 

PER CENT Or 
ORIGINAL III*. 

NUMBER Or 

animals 


0 

a 

4 

6 

•i.G 

10.0 

13.5 

15.2 

100.0 

217.3 

293.5 

330.4 

10 

10 

to 

10 


The data in 

Table V show that colloidal copper is also utilized in 

homo- 

globin formation. The copper was nomlialyzable. The animals received milk 

until they were 

anemic, and then 0.50 mg. of Fe as FeC'b, 

and 0.05 mg. 

Cu as 

colloidal copper 

were added. 





Table vi 



Effect of Colloidal Iron and Colloidal Copper on 

Anemia 


TIME 

AVERAGE IIB. 

PER CENT OF 

NUMBER OP 


IK WEEKS 

(GM. PER 100 C.C.) 

ORIGINAL IIB. 

ANIMALS 


0 

4.0 


12 


o 

7.8 

195.0 

12 


4 

10.6 

205 0 

12 


6 

12.0 


12 


8 

12.9 

322.5 

12 


10 

13.8 


12 


12 

14.6 

365.0 

12 


14 

15.1 

377.5 

12 



Table VI shows that colloidal Fe and Cu are utilized for the construction 
of hemoglobin. The animals developed anemia, and then 0.50 mg. of Fe as 
colloidal Fe and 0.05 rng. of C'u as colloidal Cu were fed daily. The same 
results were obtained by injection of the iron and copper intraperitoneally. 


Table VII 


Effect of Iktrapekitomeal Injection of Ikon Salts on Anemia 


TIME AVEKAGE IIB. PEK CENT OF 

IN WEEKS (GM. PER 100 C.C.) ORIGINAL HE. 

Ferric Citrate 


0 

6.2 

100.0 

2 

10.0 

161.4 

4 

11.4 

183 9 

6 

11.6 

187.1 

8 

11.0 

177.5 

10 

9.5 

153.2 


Ferric Chloride 


0 6.8 100.0 

2 9.6 1-11.2 

1 10.2 150.0 

0 11.0 161.7 

8 11.2 164.6 

10 10.7 157.2 

12 0.2 135.3 


number of 

ANIMALS 


10 

10 

10 

10 

10 

10 


18 

18 

18 

17 

17 

16 

16 


Table Ml shows that Fe as citrate when injected intraperitoneally re- 
sults in a temporary stimulation of hemoglobin formation. This exnerLrut 
was performed m order to ascertain if copper was concerned in the absolution 
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clearly that the role of Cu in hemoglobin regeneration cannot be explained on 
this basis alone. PeCl 3 acts like iron citrate although it causes necrosis. Fed. 
in glycerol, however, does not have this deleterious effect when injected. The 
Pe as citrate and chloride was administered at a level "of 0.50 mg. of Fe daily. 


Table Till 


Effect or Zinc and Magnesium Salts on Anemia 


TIME 

AVERAGE HI!. 

PER 

CENT OF 

NUMBER OP 

IK WEEKS 

(GM. TER 100 C.C.) 

ORIGINAL 1IB. 

ANIMALS 


ZnCI, and 

FeCl, 



0 

12.5 


100.0 

6 

o 

11.0 


S7.9 

6 


9.4 


75.2 

6 

5 

S.7 


09.6 

0 


MgCl, and FeCl, 


0 

0 

12.3 


100.0 

o 

10.S 


87. S 

0 

4 

S.7 


70.S 

'6 

5 

7.5 


01.0 

0 


FeCl, 




0 

13.1 


100-0 

6 

o 

11.4 


S7.0 

0 

4 

9.7 


74.1 

0 

5 

S.S 


67.2 

0 

The data in 

Table VIII show no effect of Zn and Mg 

on the development of 


anemia. The rate of fall of hemoglobin was the same with or without these 
elements. Two-tenths milligram of Zn as ZnCI, and 0.2 mg. of 31? as MgCl. 


were fed daily. 

Effect of 

, together with 0.50 mg. Pe as PeCl 3 . Myers and Beard 4 lane 

Table IX 

iNTItAPEItlTONKAL INJECTION OF 0.002 MG. Cu AS CuS0 4 .5H 3 0 D AILY 

TIME 


AVERAGE 1IB. 

PER CENT OF 

NUMBER of 

IK WEEKS 

(GM. PER 100 C.C.) 

ORIGINAL IIB. 

animals 

0 


7.4 


- Jo 

o 


11.8 

159.5 

12 

4 


14.0 

1S9.2 

12 

0 


14. S 

200.0 

12 

s 


15.0 

202.7 

12 . 


Table X 


Effect of Intuaperitoneal Injection of 0.10 mo. Ee as FeCl, .Daily 


TIME 

IN WEEKS 

b 

O 

4 

6 

8 

' 10 
12 


AVERAGE III!. TEH. CENT OF 

(GM. TER 100 C.C.) ORIGINAL UB. 


0.0 

100.0 

S.9 

14S.3 

10.4 

173.3 

11.8 

196.6 

13.2 

220.0 

14.3 

23S.3 

15.1 

251.6 


number OF 
animals 


12 

12 


12 

12 


12 



stated that larger doses of Zu and Mg retard blood regeneration. ^ e ^j^ en ( S 
believed anemia might develop more rapidly on milk plus PeCl 3 if tliese e enl 
were included. The data show this is not the case. 
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Table IX shows that normal regeneration of hemoglobin is obtained by 

0.002 mg. Cu as CuS0,.5II,0 injected intraperitoneally daily. The animals re- 
ceived milk ad Ub. and orally 0.50 mg. of Fe as FeCl 3 daily. This is the small- 
est amount of Cu that would cause regeneration of hemoglobin to the normal 
level. 

Table X illustrates that regeneration of hemoglobin to the normal level is 
obtained by injection intraperitoneally of 0.10 mg. Fe as colloidal ferric hy- 
droxide together with 0.002 mg. Cu as CnSO ,.5II.O. Smaller amounts of Fe 
failed to cause stimulation of hemoglobin formation to the normal level. 

Table XI 


Effect of Insoluble Copper Compounds on Anemia 


TIME 

IX WEEKS 

AVERAGE JIB- 
(GM. PER 100 C.C.) 

PER CENT OF 
ORIGINAL UR. 

NUMBER OP 

ANIMALS 

0 

Copper Sulphide 0.02 Mg. Cu 

G.O 100.0 

6 

2 

11.0 

183.3 

6 

4 

12.3 

205.0 

6 

6 

11.5 

191.6 

6 

S 

11.7 

195.0 

6 

10 

12.0 

200.0 

6 

12 

13.4 

223.3 

6 

14 

14.8 

246.6 

6 

0 

Copper Hydroxide 0.005 Mg. Cu 

6.1 100.0 

6 

0 

11.2 

183.5 

6 

4 

12.0 

196.7 

6 

6 

12.8 

210.0 

0 

S 

14.1 

231.2 

6 

10 

13.8 

226.3 

6 

12 

14.2 

232.8 

6 

14 

15.0 

246.0 

6 

0 

Cuprous Oxide 0.01 Mg. Cu 

4.2 100.0 

6 

2 

8.8 

209.5 

6 

4 

11.9 

283.5 

6 

6 

13.6 

323.8 

6 

8 

14.6 

347.0 

6 

9 

14.8 

352.0 

6 


Cuprous Iodide 0.01 Mg. Cu 

— — 

0 

5.0 

100,0 

6 

2 

9.4 

188.0 

6 

4 

11.3 

226.0 

6 

6 

13.5 

270.0 

6 

8 

14.5 

290.0 

6 

9 

15.1 

302.0 

6 


ihe data in Table XI show' that the animal body can utilize various copper 
compounds in the production of hemoglobin, even though these salts be very 
insoluble. The character of the anion apparently has no effect on the utiliza- 
tion of the copper. 

SUMMARY 

1. Manganese cannot replace Cu in the synthesis of hemoglobin 

2. Colloidal Fe and Cu are utilized in hematopoiesis 

3. Although the intraperitoneal injection of Fe salts into anemic animals 
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causes a temporary rise in hemoglobin, it is evident that the main function of 
Cu is not in the absorption of iron. 

4. Zinc and Mg have no effect in the development of anemia. 

5. Two-thousandths (0.002) nig. Cu as CuSO ,.511,0 and 0.10 mg. Fe as 
colloidal Fe(OIi), 1 are the minimum amounts of these elements that will cause 
a regeneration of the hemoglobin to a normal level in the anemic rat. 

6. Cu„0, CuS, Ctt(OH)-, and Cul are readily utilized by the anemic rat in 
hemoglobin building. The sulphide is less efficient than the other salts employed. 
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EXPERIMENTS IN THE USE OP A MINERAL WATER IN THE 
MANAGEMENT OP DIABETES MELLITUS* 


Leo K. Campbell, M.D., Chicago, III. 


T HE purpose of these experiments was to study the effect of a mineral water 
when used for long periods in the management of diabetes mellitus. Re- 
cently companies bottling many of the highly advertised mineral waters hate 
made extravagant claims for their water of beneficial effects in diabetes melhtus. 
With this in view the following investigation was undertaken to determine 
whether or not there was any demonstrable beneficial effect derived from tie 
use of one of these waters. 

CASE REPORTS 

Case 1. — R. P., male, aged thirty-nine years, first had symptoms of diabetes mellitus^ 
the age of twenty-nine. Tho disease had run a rapid course, and he liad, to the date o 
experiments, lived on a quantitative diet with insulin for eight years. He was an an S ’ 
trained, and experienced patient. His usual diet contained carbohydrate, 105 gm. , P > 
127 gm.; and fat, 183 gm. With this diet lie remained in good health but not ree 
morning glycosuria on an insulin dosage of 75 units. 

Case 2. — H. E., male, aged fifty years, had become diabetic at the age of fort) 
required insulin treatment for seven years. This patient was also a very intelligent,^ ^ _ 
and experienced diabetic patient. His customary diet contained carbohydrate, 
protein, 74 gm.; fat, 181 gm.; and cal., 2,301, estimated “G,”t or available glucose,^ oo^ ^ 
on this diet the urine was usually sugar-free with an insulin dosage of 50 units, i' 

40 in the morning and 10 in the evening. 

•Prom the department of medicine of Rush Medical College of the Unlveisity 
and the Presbyterian Hospital. 

Received for publication, October f, 1933. _ + 5 jp + .10F. 

‘ fThe “G,” or available glucose, was calculated by the formula, “G" — 
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Case 3. — YY. S., male, aged thirty-two years, had first developed symptoms of diabetes 
niellitus in 1919 at the age of twenty. He first had insulin management in 1993 and went 
into coma in 1924 at the age of twenty-five. lie had been, for seven years, at the time of 
these experiments on a diet of “G,” 175 gm.; cal., 9,2 1 5, and insulin, 3a units before break- 
fast and 10 units before the evening meal. He had remained in good health but not free of 
glyeosuria iu the morning and was also itn intelligent, well-trained anil experienced patient. 

Case 4.— -H. D., male, aged forty-five years, had first become diabetic in 1990 at age 
of thirty-four. By very accurate quantitative management of the diet, he was kept alive 
until the advent of insulin in 1929 at which time this therapy was started. For nine years 
and at the time of these experiments, he had been taking 50 units of insulin per day, and lie 
had been in good health but not free of morning glyeosuria. His usual diet was “G," 
ISO gnu; cal., 2,250. He was also a well-trained, intelligent, and experienced patient. 

Case 5.— -H. A., male, aged fifty-eight years, first developed diabetes mellitus at age of 
forty-five. In 1923, at age of fifty years, he was placed on a diet of carbohydrate, 100 gm.; 
protein, 67 gm. ; fat, 156 gm. ; ‘ • G, ” 155 gm. ; and cal., 2,072, and started on insulin, 32 units 
before breakfast and 16 units before the evening meal. At the time of these experiments he had 
been on this program for eight years, bad remained in good health; the urine usually was free 
of sugar. He also was a well-trained, an intelligent, and experienced patient. 

All of these patients had been continuously under the observation of Dr. 
R. T. Woody at t. 

The Mineral Water . — The mineral spring water used in these experiments 
was crystal clear and, according to the analysis submitted by the bottler, con- 
tained 120 parts per million of solid material. The distribution of the identified 
anions and cations was reported as follows: 


h,co 2 

as 

CaCO, 


3S.0U 

parts per million 

Chlorides 

as 

Cl 


S.00 

parts per million 

Sulphates 

as 

SO, 

= 

1S.55 

parts per million 

Silicon 

as 

SiO. 

= 

8.25 

parts per million 

Aluminum 

as 

Al.O, 

= 

3.52 

parts per million 

Iron 

as 

FeA 

— 

3.58 

parts per million 

Calcium 

as 

Ca 

=: 

4.46 

parts per million 

Magnesium. 

as 

Mg 

= 

1.13 

parts per million 

Sodium and Potassium 

as 

Xa 

= 

24.3 

parts per million 

Manganese 

as 

Mn 


0.08 

parts per million 

Ammonia 

as 

NH, 

= 

0.04 

parts per million 

Nitrates 

as 

NO. 

= 

0.02 

parts per million 


The radioactivity of the emanation, when in equilibrium with its parent 
from one gallon of this water was reported to he in the neighborhood of 1.5 x 
10~ l ° millicuries. 

EXPERIMENTS 


Methods of Study. —Each patient was hospitalized during the periods of 
study and placed on a diet and dosage of insulin that would* permit a slight 
glycosuria during the entire 24 hours without acidosis. The same insulin nren 
aration was used during all of the experiments. Two control periods were 
run on each patient with a week intervening. At the end of the second neriod 
the patient was discharged from the hospital using his usual diet dose of 
insulin and drinking one gallon of the mineral water each day. Alter Sin! 
the water from one to seven months he was again hospitalized, plfed 0 n the 
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diet and dosage of insulin used in the control periods, the water continued, 
and the urinary glucose determined. 

The glucose in the urine was determined by the Folin-Berglund method 
and polaviseopy, the nitrogen by the Kjeldahl method and the creatinine by 
the pieramic acid method. The latter was used for a cheek on the volume of 
urine. 


Experiment 1. — Case of It. P., weight 73 kg. A diet of carbohydrate, 87 
gm. ; protein, 76 gm.; fat, 199 gm.; “ G, ’ ’ 151 gm.; and cal., 2,413, with in- 
sulin, 32 units before breakfast, 16 units before the evening meal and 4 units 
at 3 a.m., permitted a glycosuria without acidosis. The average daily urinary 
glucose excretion during the first control period was 14.43 gm., and the urinary 
nitrogen, 11.1 gm. In the second control period the average daily urinary 
glucose excretion was 13.54 gm., and the urinary nitrogen was 12.8 gm. After 
he had drunk one gallon of the water per day for seven months, the average 
daily urinary glucose excretion was 15.76 gm., and the urinary nitrogen was 
14.7 gm. 

Experiment 2. — Case of II. E., weight 60 kg. A diet of carbohydrate, 92 
gm.; protein, 54 gm.; fat, 172 gm.; “G,” 141 gm. ; and cal., 2,132, and twenty- 
four units of insulin before breakfast and 12 units before the evening meal 
permitted a continuous glycosuria without acidosis. Tire average daily urinary 
glucose during the first control period was 8.61 gm., and the nitrogen, 8.8 gm. 
In the second control period the average daily urinary glucose was 11.98 gm-, 
and the nitrogen, 10.1 gm. After using one gallon of the water per day for 
one month, the glucose was 13.14 gm. and the nitrogen, 8.8 gm. After using 
the water for four months, the average daily urinary glucose was 12.50 gm. and 
the nitrogen was 10.1 gin. After using the water for seven mouths, the average 
daily urinary glucose excretion was 10.34 gm. and the nitrogen, H-6 gm. hi 
this experiment another control period was run after the water had been dis- 
continued for one month. The urinary glucose then was 7.94 gin. and the 
nitrogen, 9.8 gm. 

Experiment 3. — Case of W. S., weight 66 kg. A diet of carbohydrate, 
92 gm.; protein, 79 gm.; fat, 187 gm.; “G,” 156 gm.; cal., 2,367; and hisulin, 
28 units before bi’eakast and 12 units before the evening meal, permitted a 
slight continuous glycosuria without acidosis. The average daily uinmiy 
glucose excretion in the first control period was 9.11 gm, and the nitioge , 
10.5 gm. In the second control period the glucose excretion was 10.01 gm. am 
the nitrogen, 11.5 gm. After using one gallon of the water per day foi tluee 
months, the average daily urinary glucose excretion was S.51 gm. and t e 
nitrogen, 12.4 gm. After using the water for six months there had been no 
reduction in the daily insulin requirements, and the experiment was diseon 


tinned without another period of study in the hospital. 

Experiment 4. — Case of II. D., weight 65 kg. A diet of earboh} di ate, 
92 gm. ; protein, 79 gm. ; fat, 187 gm. ; “ G,” 156 gm. ; cal., 2,367 ; and insu m, 
units before breakfast and 16 units before the evening meal, permittee a ^ 
continuous glycosuria without acidosis. The average daily urinary 
excretion during the first control period was 6.84 gm. and the nitrogen, 
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gm. During the second control period the glucose was T.I7 gm. and tin; nitro- 
gen, 12.7 gm. After drinking one gallon of the water per day for three and 
one-half months, there had been no reduction in the daily insulin requirements, 
and the experiment was discontinued without another period of studt in the 
hospital. 

Experiment 5. — Case of II. A., weight 65 kg, A diet of carhohj drate, 
92 gm. j protein, 79 gm.; fat, 187 gm.; “G," 156 gm. ; cal., 2,567, and insulin, 
32 units before breukast and 16 units before the evening meal, permitted a 


continuous glycosuria without acidosis, Tlve average daily urinary glucose 
excretion during the first control period was 12.99 gm. and the nitrogen, 14.7 
gm. During the second control period the glucose excretion was S.li gm. and 
the nitrogen, 14.7 gm. After drinking one gallon of the water per day for 
seven months, there had been no reduction in the daily insulin requirements, 
and the experiment was discontinued without further study in the hospital. 


SUMMARY 

A study of the effect on diabetic patients of their drinking one gallon of 
mineral water per day for periods of from one to seven months was made. 
No beneficial effects could be demonstrated. 

The author wishes to thank Dr. It. T. Woodyatt for his valuable advice and assistance 
during this study. 


THE DYNAMIC CONSEQUENCES OP AN AUPJCULOPE1UCARDIAL 

FISTULA” 


Harry Laxdt, M.D., and Raymond Friedman, B.S., Chicago, III. 


I T IS generally known that pericardial tamponade has a deleterious action on 
the circulation, and when acute and severe enough may lead to death. Ani- 
mal experiments, particularly those of Katz and Gauchat, 1 have shown that 
the action of pericardial tamponade is primarily to interfere with the flow 
of blood into the intrapericardial veins. Intrapericardial pressures in excess 
of 300 mm. of oil (saline) lead to circulatory death. It is the fear of estab- 
lishing fistula with the resulting tamponade effects that has acted as a deterant 
to pericardial and cardiac punctures. However, there seems to he an impres- 
sion that a communication between the pericardium and an auricle is less 
serious than a communication between the pericardium and a ventricle the 
aorta or the pulmonary artery. 

In the present investigation an attempt was made to determine the dv 
namte consequences of producing an auriculopericardial fistula, and in par- 
ticular to see what risk, if any. was involved in such a procedure 
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•METHOD 

Six (logs, anesthetized with morphine and barbital, were used in this in- 
vestigation. Artificial respiration was introduced and the chest opened. Chi- 
cago blue (15 nig. per leg.) was injected intravenously to render the blood 
noncoagulable. A pericardial cannula was inserted and connected with a 
saline manometer. The carotid artery, jugular vein, and a pulmonary vein 
branch were isolated and cannulated. The first was connected with a mercury 
U-tube manometer and the other two with saline manometers. After a control 
record was obtained on a smoked paper kymograph a small opening was made 
in the pericardium through which a rent about 5 mm. in length was made in 
the tip of the right or left auricle and the pericardial opening quickly closed. 
The changes in pressure during and following this procedure were recorded 
on the kymograph and the data analyzed. As a control 50 c.c. of blood were 
removed from an animal and quickly injected into the pericardium, and its 
effects studied. 




Fig. 1. — A graph showing the typical effect of an auriculopericarilial Ustul . the 

mean arterial pressure ; Jug., Pul., and Per., represent the mean pressure, reave ■ “ 
jugular vein, pulmonary vein, and pericardial sac. Time in flve-seconu inieria . - an d 
dicates time of establishment of auriculoperlcardial fistula. Note the Trailin'- i ■ 
the homologues in the venous and pericardial pressure curves. 


RESULTS 


The results are summarized in Table 1 and a typical experiment shown m 
Fig. 1. After the establishment of the auriculopericardial fistula, there was an 
immediate drop in the mean arterial blood pressure and a corresponding use 
the mean pressures iu the jugular vein, pulmonary vein, and in the penca 
sac, following which the pressures tended to level off but continued to elian n e 


gradually in tlie original directions until death ensued. The mean 


arterial 


pressure just before death approximated 5 to 15 mm. of mercury. At t ns 
time the pulmonic venous pressure was found to exceed the jugular pressure 
in all but oue experiment, regardless of whether tlie fistula was in the ri =^ 
or left auricle. The intrapericardial pressure in no instance rose above 
mm. of saline following the establishment of the fistula, a figure wine is 
about one-lialf of that found necessary to cause death with experiznen a 
pericardial effusion (Katz and Gaucliat 1 ). In some experiments the 
pericardial pressure was higher than the intravenous pressure; 111 0 1 
was lower. 
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DISCUSSION’ 

The lack of correspondence of the intraperieardial pressure with the in- 
travenous pressures is in part due to the inability to establish absolutely the 
correct zero pericardial pressure level. In addition, the cyclic heait action 
affects the pressure in the pericardial sac in an opposite manner to the extra- 
pericardial venous pressures. For example, ventricular systole loueis the 
intraperieardial pressure, but raises the venous pressures. In some experi- 
ments the last factor may explain the presence of an intraperieardial pressure 
lower than the venous pressures. The presence of an intraperieardial pressure 
higher than the venous pressures in other experiments is more difficult to 
explain. It is conceivable, however, that with a rent in the auricle this part 
of the wall of the heart may act as a one-way flapper valve, preventing a 
flow back from the pericardial sac. In this way the pericardial sac might be 
considered as acting as a maximum pressure manometer. 


Table t 


i 

i 

EX- j 
EES. 1 

1 

i 

MEAN ARTERIAL 
BLOOD PRESSURE ; 

MEAN PRESSURE 
IK JUGULAR VEIN 
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CARDIAL i 
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DEATH 

i 
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before 
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mm.H.O 
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90 

65 
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90 
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8% 
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60 

5 

35 

i 50 

60 
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8% 

5 

90 

5 

! 30 

90 

60 

80 

70 

! left | 

1 16 

6 

105 

15 

1 60 

135 

100 

140 

120 

’• right 

i 12 


Tamponade per se cannot be responsible for the serious dynamic conse- 
quences of auriculopericardial fistula. Previous workers 1 have found that the 
pressure in the pericardium causing death in tamponade per se is decidedly 
greater than the pressure found in the pericardium at the time of death in 
our animals. This difference cannot be due to the loss of blood, which never 
exceeded 25 or 30 c.e. in our experiments. Furthermore, the removal of 50 e.e. 
of blood from the circulation and its rapid injection into the pericardial sac 
had no appreciable dynamic effect. 

The other factor operating in auriculopericardial fistula appears to be 
the action of the fistula itself, and the following explanation is offered: When 
the fistula is made, the pressure in the auricle and pericardial sac tend to be 
equalized, the intraperieardial pressure rises and thereby increases the resist- 
ance to onward flow of blood from the extraperieardial veins. This in turn 
results In a damming up of blood in tlie extraperieardial veins with a conse 
queut rise m then- pressure. The rise in pressure, however, soon reflects itself 
>n a similar elevation in the intraperieardial veins, auricle, and then in the 
pericardial sae itself. Thus a vicious cycle is started. There is no chance for 
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"' hl,: !' is essential to prove, t st i,. nation ol tZ “"‘ 1 '' ,0 <■«, 

These experiments show tint a nn • , , ^“eiilation and death, 

the pericardial sac is associated wBl!’ S1 ’7 °T eil,n " between an nmicle and 
bleeding i„ to the pericardial sL be vnuu'"'^’ ^ tl,0,,gh t,,e amoimt of 


— — -f 


tally ptodue!^ auriculopericardial fistula experimen- 

handicap to the normal circuhitio'iT ° U i the /lstula ^suited in a serious 

apparently not due e Xeh tr T led to death. This effect is 

the pressure gradient between' 1 ‘ l,111)011 _ a(lu actlon per se but to a decrease in 

during ventricular fillim- nrrd Z la P ei- icardiul veins and the ventricle 

w„ \ Pro,l "“ ci1 b > of tiio fistula. 

' L visli to tliank Hr. Louis V Twit-, „ , 

tor hid advice and criticism. ' ’ ose suggestion this study was undertaken, 


RESEVnlfvr 1 yFE ° TI 0:sr ASy0CUTED WITH AX ORGANISM 
RLSEMBLLXG BACILLUS PROTEUS PSEUDO VALERIAS 

(DB ASSIS)* 

Charles II. Xaalmack, JI.D, and Florence R. Bittmax, 

New York, X. Y. 


T bii n ,r // ■// e P 01 ted is one qf infection with an organism closely resent- 

BanUH ‘ pm irfow/orW (do A., si.,). 

Tiie family and J,i s t 0 r y w ?" ° f Canadiau birt)l ' a salesman by occupation, .aged fifty-eight, 
to the present illness the ** y* 110 intt ‘rest except for the fact that four years prior 

lomatous growth of the bl^d i*Z devtdoped hematuria and was operated upon for a papil- 
operation, and radium seed” •^*' C " as re,,1 °ved by figuration in a one-stage 

eventful, but several month S | T™ lmpIai,ted in tI,e bas e of the growth. Becovery was un- 
urinate only while hZT a IT T™ tiCnt *"*** d!fficult y in urination and was able to 
around one of the radiuu ^ becijme necessary to remove a stone which had formed 

conmanied hv T' Seeds and w,,id « acted as a ball valve. This procedure was ac- 

™L„- ,‘ZIT Pk •** *» Duri„ e ,10 time list p.tot «W 

prccordial pain ou oxertilTtlmUmdT' 101 '', '"' J ' :ld ' co " sid, -‘ ral,ie Ilulllbl ' r ° f ulilli at,;,dis 
as of coronary oriein Them ‘ ' bC °' 1 dla 8 I10sed clinically as well as by electrocardiogram 

The present illness followed! Htc ZT ** . , u 

the time this was eaten ti „ f 01 w,uch consisted of a spiced beef saudwich. At 

of epigastric “ bad a p - ba ' — He experienced a sense 

dined in a speakeasv and hnT next da T- However, on the following day he 

sense of dull epigastric ache olThfthiTZ! bef0re dhmCr ' ^ ** ** Z j* 

lowed bv fever ami L tb rd da . v Iie had severe chills lasting several hours to! 

and the chills and fe ^ # “ r,,,g the ,u ‘ xt two "ecks the svniptoms became more severe 

and_the chills and fever more freqnept. There was no regular 'interval between the attacks. 

Received'for "publication'/ T^ven/^^ ^" 1333 ^ F ° Ul th Medical Service of Be ' IeVUe H °" Pi ‘ aL 
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KAMMACK-ltlTTMAN- : TYMIOID-IJKK INFECTION 

Aaoiexia - [nost ration «,« -U *'« ^ 

. tjplioid «... .« mu point ho »n. »>»»«"> *” "» ” ' » pl.u.innn. 

Hospital. At the time of admission abdominal pa... on the right s.dc 1 

symptom. Examination of the abdomen was negative. 

„l - . 

positive and the stools were lU) colored. h ueiritive The 

1 . . *i, 4i The blood eueimbtrj was ntgau^c. 

some tenderness in the region ot the ga • • , f Several 

patient began to have steady hiccoughing uml the «»“« 2 ‘ ®“ s)l0Wud n0 nprotein 

infusions of glucose were^eni—J. portly after admission 

nitrogen ,o, sugar 1-0, in tlui blood. The NVidal reaction was 

were positive and a gram-negative baed in temperature curve gradually 

negative. The same organism was isolated irom tlie ee . l 

subsided and after a stay of three months in the hospital the patient «tnt to his horn . 
Following his return to New York in October be complained ot severe pn.ns to I « muscles 
of the upper thorax. These pains were so severe as to require the use of a sedan e The 
x-rav of the chest and spine were negative, and the patient was given a series ot heat and 
ultraviolet ray treatments followed by complete cessation of the pains. At the present 
he is in good health and lias regained weight and strength. 

During bacteriologic studies of blood cultures from this patient, we isolated a bacillus 
which appears to be closely similar to the Proteus pseiulovoleriei isolated by A. de Ass.s in 

Brazil in 1926A . 

Blood cultures were made in vitamin broth and nutrient agar pour plates. The firs 
culture, taken April 29, 10.T2, the day after admission, showed a gram-negative motile bacillus 
in both broth and plates after twenty-four hours. Another culture was taken May 7, eight days 
later, which was also positive. A third culture, taken May 26, was sterile. 

Agglutination tests: Normal saline suspensions of the growth on an eighteen-hour 
agar slant and an eighteen-hour broth culture were tested with dilutions of 1:50 and 1:100 
specific typhoid and paratyphoid A and B s ra. No agglutination occurred. 

Repeated Widal tests of the patient’s serum proved negative with typhoid and Para A 

and Para B. 

On May 26, nineteen days after this organism bad been recovered from the patient’s 
Mood, the patient’s scrum was tested with the organism. Serum agglutinated through 1:2,500, 
negative 1:5,000. On repeating the test complete agglutination was found in 1:3,200, 
negative 1:5,000. Tested with typhoid Para A and Para B the serum again proved negative. 

Stool culture of June 16, seventeen days after defervescence, on Endo plates showed a 
single colony which resembled morphologically and culturally, the organism isolated from the 
blood, and agglutinated with the patient’s scrum of May 26 through 1:3,200, negative 1:5,000. 


These results showed that the organisms isolated from the blood and from 
the stool were identical, and the fact that it agglutinated with the patient's 
serum in a dilution of 1:3,200 showed that it was the cause of the infection. 

In 1910, Rottkay 2 described a fatal case of typhoid-like disease from 
which he was able to recover an organism related to B. Proteus vulgaris 
(Hauser) which he isolated from the feces and after death from the spleen and 
ileum. 

Boycott 3 in 1906 isolated from the stool of a case of atypical typhoid, two 
strains of Yalerei which did not agglutinate with the patient’s serum. This 
patient’s serum was agglutinated with Para B. although no paratyphoid or- 
ganisms were isolated from the stools. 

De Assis in 1926 recovered an organism from the blood of a case of 
typhoid-like infection on two occasions, that strongly agglutinated with the 
patient’s serum, but did not agglutinate with typhoid, Para A and Para B 
He called his organism Proteus pseudovaleriei. 
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DESCRIPTION" 


ry-- 


cccoid t„ ( hoT„„ s “ . ■ if rf b,,cu, “ s ot 

bacillus. VG t01 " 1S ’ mor PliologicalIy resembling the typhoid 

Subcultures were made on the following media • 

^ UtneUt aSai * ** *— ■ -«* spreading grayish white fluorescent 

a collar or ring at^UK^lurP^e 0 '^ 11 '] ° f tUrbidit * v > "’ ith the formation of 
Pellicle was fornied. ’ “" d * edlmeut *«** torty-eight hours. No 

d. Endo Z^Tr- 1 * e0l0Ili ° S Simi,ar t0 ^oid. 

Broth cultures kept in the ice box a week '™ 11 UOl ° ni<! ‘ S simi,ar to f - v P I,oid - 
showed presence of “phage plaques ” ^ ^ 111010 a “ d subeu,tured 011 endo - 

and showed acid “ birtr^w/t 'T * 0 lnot ' u,atl, d ' vitil colonies from Endo plates 
the paratyphoid-enteriditis group** P, ° dUCtl011 and a colorless slant similar to 

Eater it bocaiurdecolorizod tu ' enty ' four hours but was not clotted, 

ionization. ’ " 1 1 paid,id coagulation. A T o digestion or pep- 

brotMuSst^Sir'v t r U ? Ianted t0 carbohydrate fermentation 

mannite, “ ** “ di “tor. Dextrose, levulose, maltose, 

men ted with gas production aral J ,110SC ’ rafflnose , and k'lycerol were fer- 

then it rr ave .. * • . . , ' ‘ ctose was not touched until after seven days, 

seventy-two hours yn'!". leactl011 - Dextrin showed slight reaction after 
and dulcite were imt t '! <iS P roduccd ln either lactose or dextrin. Inulin 
and all three reaction ° UC h dbese fermentation tests were repeated twice 
pec cent to mcdia ^ the — 50 

PATHOGENICITY 

c e of eighteen iV^ T° " m ' ® lduea P*o s intraperitoneally with 0.5 and 0.75 

d^l ^ " ? I '° tll 1 CUltUre '. A£tei ’ ««* hours the pigs became quiet and 

they showed sio-n« a V ^ ^ llail ' looked r °ughened. Eighteen hours later 

on t heir ^ back * had not eaten any food, and when placed 

hours both ni« I 61 . 0 baieIy abIe to n "bt themselves. Within twenty-four 

from the npritn " 610 C TV same 01 'gauism was recovered in pure culture 
from the peritoneum and heart’s blood of both pigs. 

tion The nW a C011s ‘ deia ble amount of injection at the site of the inocula- 
and ompiii L 1 oneuui contained about 10 c.c. of mucoid fluid. The mesentery 
Z ° T Were mj T ted - Tb e suprarenal glands were hemorrhagic. The 
one pi„ was s lglitly enlarged, the gallbladder was quite distended. 

discussion 

r 1 nnp e -rV° l0 °* e ebai ’ aeteidsties Of our organism places it in the genus Proteus. 

In 1906 Boycott described a bacillus (valeriei 21) which our organism closely 
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resembles in motility and fermentation, although our bacillus does not ferment 
dextrin and duleite; while his does not ferment saliein, and does not touch lac- 
tose at all. De Assis, in 1926, described a bacillus which our bacillus resembles, 
except that ours ferments saccharose, raffinose, and glycerol, while his did not. 
Our bacillus resembles Castellani’s Proteus asia ticus in fermentation, but differs 
in its reaction on litmus milk, and in motility. Our strain resembles Hauser's 
vulgaris in its reaction on saccharose, dextrin, duleite, and glycerol, but it 
does not resemble it in its reaction on arabinose, saliein, raffinose, maunite, or 
litmus milk. The difference in the reaction on dextrin may be due to the 
variation of dextrin. 

Our organism resembles the Proteus pseudo voter ici of de Assis in its fer- 
mentation reactions more closely than it does Hauser’s Vulgaris or the Valerei 
of Castellani or of Boycott, and by the fact that his patient, like ours, recovered, 
while all of the others died. 


SUMMARY 

An organism isolated from two different samples of blood and from the 
stool of a patient with a typhoid-like infection, strongly agglutinated with the 
patient’s serum but did not agglutinate with typhoid, Pax-a A or Para B. This 
organism may be classed with that of de Assis. 
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LABORATORY METHODS 


AN IMPROVISED BACTEItlOLOGIC INCUBATOR* 


Roy A. Hankbv, Micitomoi.ouv D., Butlek, Lvd. 


A HIGH-PRICED bacteriologic incubator costing from $100.00 to $300.00 
can be improvised at the very moderate cost of $20.00 or less with no sacri- 
fice in the quantity or quality of the results to be obtained from its use. The im- 
provised incubator can be assembled in less than fifteen minutes with only four 
articles that can be easily and quickly obtained, especially for those who live 
in a city. 

A small, used refrigerator made to hold 25 pounds of ice makes a very 
satisfactory sized cabinet for an incubator large enough to do the bacteno- 
logic work of a moderately large hospital. I assembled an excellent incubator, 
using a top ieer of the above size which was purchased from a storage company 
for $1.50. The refrigerator was as good as new and the factory finish on it 
was still good. 

The second article needed for the construction of the incubator is an elec- 
tric heating element and regulator or electric thermostat. This can be pm- 
chased from any good laboratory' supply company for not more than .fHi.OQ 
and large enough to keep the entire inside of the refrigerator at 3(° 0. oi 
body heat. 

The third article needed to make the first class incubator is an acemate 
thermometer with which to regulate the electric thermostat and check the 
temperature of the incubator when in use. The thermometer can be obtame 
from the same supply' company' as the thermostat for a dollar or less or a suit- 
able one can be obtained at a drug store. 

The fourth article needed is a one-holed stopper which can be obtained 
from the supply company. 

With these articles at hand one is ready to begin assembling the incu 
bator. First open the door to the refrigerator and remove the tube con11 ®^ 
ing the ice compartment with the storage compartment by raising up * 
pulling out on the bottom of the tube. This leaves an opening down tlnou^ 
the bottom of the refrigerator. Next, the thermostat is placed on the °v ^ 
shelf in the left rear corner and the electric cord will just be in P osl 101 '. 
go down through the hole in the lower shelf, but first the electric co f^ a J or 
will need to be temporarily removed as the hole in the floor of the re 
is not large enough to pass the connection through. After the eoi ia 

•From the Hankey Laboratory. 
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put through the floor, tire elcetrie connection can be replaced and made ready 
to plug into a wall socket supplying 110 volt current. 

If a laboratory type of thermometer is to be used, an inch hole should be 
drilled through the top door and a cork with a hole made through it the size 
of the thermometer can be inserted in the hole. The thermometer is then sus- 
pended with the bulb well within the refrigerator by passing it through the 
stopper so that the mark for body heat or 98.6° P. is well above the outside 
of the cabinet. Any accurate thermometer may be used by placing it on the 
shelf inside the refrigerator and the readings taken quickly upon opening the 
door or before the thermometer has time to change enough to be of any im- 
portance. However, for greater accuracy the laboratory thermometer through 
the pierced wall is recommended, so that the temperature can be read with- 
out opening the door. 

Por the proper growth of aerobic organisms a half-inch hole should be 
drilled through the top near the center for a small amount of ventilation to 
maintain the oxygen supply even during prolonged incubations. 

You are now ready to start the regulation of the thermostat for the de- 
sired temperature by plugging into the 110 volt current and closing the doors. 
Keep a frequent watch of the rising temperature and as soon as the desired 
temperature is attained take notice if the heater bulb is still lighted up, by 
observing through the ventilator opening in a darkened room or by opening 
the door slightly. If it is still lighted up open the door and turn the knulled 
knob of tlie regulator on the thermostat to the left until the light goes out. 
Then watch the temperature again. If it should go too low the next time turn 
the regulator to the right but let sufficient time elapse to insure even distribu- 
tion of the heat before making any changes in regulation. Let the incubation 
continue for some time after the right temperature is attained to make sure 
that an exact adjustment has been made. You have now completed a very 
efficient and serviceable incubator. 

If it is desired to use the incubator on 32 volt current, purchase the ther- 
mostat without the heater bulb and replace same with a 100 watt 32 volt 
bulb and regulate as above. 



DETERMINATION m? qtr.rr ,, ^ 

tissues with the or \i° T f r N0I ^ IAL AND MALIGNANT 
tubf xm f EhE0TR0DE vacuum 

IUBE NULL INDICATOR* 

D. M. Partridge. PhD r \ < < i> 

\w, r- ■’ ' J ‘ A ‘ U Bowles, Ph.D.. and 

Anna Goedfkder. m.D, New York. N. Y. ’ 

F A Previous communication* tlie •mti,,,,.* i ->• 

1 measurements with the r,i. lwc ,, . , ave discussed the results of P„ 

It is the purpose of this naner t e V° C e . 011 cei ’tain normal and tumor tissues, 
requires comparatij?" ,iZ ^ ,ne0l0tL The «PI**tn. used 
semiportable in nature. * slueldm- and is simple, stable and 


electrode cell was the” eoilv en J^ nt ^ the potentia,s developed by the glass 
that a vacuum tube null h J ml p ®S8rendorf circuit with the exception 

K potentiomete was ed 7 ‘“‘/T U8ed * A Leet,s Northrup type 

USed t0 furnish the known opposing potential. 

^ NULL INDICATOR 

authore 2 ’ 3 . ^ aVainly in tlmf 1 ^. 1 V. il0m t,l .° Se Previously described by the 

parallel with the power 7. • M ’ S and * ree tfrid-adjusting resistors are in 
equal stability with improved^ "'T!- 1 ° f se f ies \ This arrangement gives 
Dig- 1 with the list f • sens >itivity and simplicity of operation. 

° f Clrcmt instants fully explains the electrical values. 

OPERATION 

Potentiometer P i s 

usual manner. ' c 0 turnish correct opposing potentials in the 

to operate for twentv^d Z* dtUS ' batteries A an d G are connected and allowed 
and thermal equilibriums' mZV e^tabUshe rf“ ^ 

deflection whM^p^r^it^ £' % “ 7 S ° ^ " illvanometer G gives ™ 

Pb is adiusted until r° • 7 1S presse d. Plug B is now inserted in S, and 

moved from 8 and r , asain gives no deflection when T is depressed. B is re- 
circuit. P is adjustecHmtil 6 / n f. W,uch completes the external cell-measuring 
HR is read from P. agam " Ives 110 movement, and the E.3I.P. of cell 


than 77 01 f naiy con ditions when glass electrodes with resistances of less 
than_lo megohms are used, no shielding of the external circuit is required. 

UniversTty n Lnd he thf h A?heli I 3 ilborlto™ Washi neton Square College of New Tork 
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As indicated in the list of constants the tubes VV are shielded electrostatically 
(and to a slight extent, eleetromagnetically) to aid in setting Iig when the 
grid circuit is open. The general rule for shielding is obviously that when 
the electrical strays reach a magnitude comparable with the currents flowing 
in the input measuring circuit, screening is necessary. A connection to ground 
is sometimes helpful but for the present work was unnecessary. 


SENSITIVITY, STABILITY, LEAKAGE 

With the circuit described which includes a portable galvanometer, a 
sensitivity of from 2,500 to 4,000 mm. per volt is obtained. In other words, 
when the bridge is out of balance by an amount representing 0.01 P H a 
deflection of from 1 to 2 nun. is noted on galvanometer (j. lube chnractei- 
istics and resistance conditions in the input circuit cause considerable varia- 
tion in this factor. 



Fig. l. — Schematic circuit for glass electrode E. M. F. measurements. Circuit constants. 
Shield, Metallic enclosure for tubes to assist in adjusting circuit when the grid is "free." H, 
Haber type glass electrode. Coming Glass "Works’ 015 glass. Resistance 5-12 megohms. 
Diameter of bulb approximately 8 mm. It, Ba”. ■ ctrode (See text). P. Con- 
ventional method for securing known potential. . ! small radio type. S, Jack 

to fit E and B. V, 7, ‘’Duovac” 1.1 volt 270 . . triodes. A, Battery of 12 

large size flashlight cells, approximately IS vc . . — , — .. midtapped resistance. Hf, 

Filament resistor 1.3 ohms. ‘ ’ . . . ■ 2-volt storage cell of approximately 50 

ampere-hour capacity. B ba, ■ tor eciuipped with four movable contacts. 

Bb, Bg, Variable resistors of . type, 500 ohms each, lip, Plate resistor, 

3,000 ohms. HA, Plate circ 0-1 or 0-1,5. Not necessary for actual 

operation hut helpful in mai _ . . J., Portable pointer type galvanometer, re- 

sistance 1,100 ohms ; sensitivity 8 mm. per microampere. T, Tapping switch. 


Mechanically, the apparatus is stable, and for ordinary conditions no 
cushioned mounting is necessary. Electrically, the drift is very small when 
the various thermal and chemical equilibriums have been reached — often less 
than the equivalent of a millivolt per hour. The room temperature, of course 
must remain constant since the power supplies have temperature coefficients 
That this is a major factor in the drift characteristic was demonstrated by 
allowing tlie room temperature to change slowly and taking time-room-tem- 
perature and time-drift relationships. The curves obtained were similar in 
shape with the drift change following the thermometer change with a delav 
of from twelve to fifteen minutes. 

Leakage difficulty is negligible if care is taken to have the connection 
between II and E short and well insulated. For the latter purpose, dry wooden 
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supports have always been found adequate. Results with the equipment when 
used on a constant system are reproducible to a few hundredths of a millivolt. 


ELECTRODES 

Haber type electrodes H made from Corning 015 glass were used having 
diameters of approximately S mm., and resistances ranging from 5 to 12 
megohms. Some of the electrodes were filled with a Clark and Lubs buffer 
(Ph about 2) saturated with quinhydrone. Others were filled with A T /10 HC’l 
(approximately) saturated with quinhydrone. 0 



rigidly ‘to h conta « 2 vUh , tlle measuring device. The' electrode vessel X is »» 

i2 g und H are el-fmne ? < W , b , y the collar Y and socket Z, both of spring- brass Electrodes 
aresecured A n Position above X and contacts with the material to be measor j.' 
secured by raising- the assembly WXYZ. The latter is lield in place by thumb screw i- 


The complete electrode assembly is shown in Pig. 2. 

file reference electrode R was the general type described by Ball- 

lhe complete electrode combination was as follows: 

Normal Buffers Glass N/10 HC1 - Quiiili}’dro no ?*■ 

Calomel or or 

Tissue Buffer 


CALIBRATION OF GLASS ELECTRODE 

The glass electrode was calibrated before and after each determination 
against Clark and Lubs buffers.® The values used for calibration were 6-55, 
6.98, 7.14, 7.35, 7.53, and 7.76. These were compared by both the hydrogen 
and quinhydrone electrodes. 




PARTRIDGE, ET AE. : 
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We observed, as did Britton and Robinson, 7 that the "lass electrode 
within this Pit range adheres to its calibration potentials for several hours. 
These observers found their electrodes in this region to come to equilibrium 
almost instantaneously, whereas, in our work about four minutes were re- 
quired before a steady potential was attained. This can hardly be attributed 
to time to dissipate a charge ; for after equilibrium was attained, the glass 
electrode was removed from solution, then replaced and a reading again taken 
which was always found to be the same as that at equilibrium. 

The electrode was cleaned by washing with distilled water of the same 
temperature as the electrode. It was dried by carefully wiping with jagged 
edges of torn filter paper. 


Ph of tissues 

Different normal and cancer tissues from rats and mice were used. The 
animal was killed, the tissue immediately removed, quickly macerated and 



0 — Standard buffer a for electrode calibration. 
A— Value fsr norra.1 z:u3Cle fron le£. 

Devalue for turtor tia3ua. 


Fig. 3. — Mouse with Tumor 63. 


placed in electrode vessel (Fig. 2) and forced into the connecting arm so that 
contact could be made with the reference electrode R. As soon as the glass 
electrode bulb was completely covered with tissue, a thin layer of paraffin 
oil was added and E.M.F. measurements taken. The system came to equilib- 
rium within three or four minutes and remained constant for approximately 
another three minutes, after which there was the usual slow drift toward a 
lower P„. The P„ values of the tissues were obtained directly from the calibra- 
tion cur\e (see Fig. 3). With the apparatus in readiness the P H measure- 
ments were completed within eight minutes after the death of the animal. 
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In Tables 1, II, and IIJ are some results obtained by the method outlined. 


Tahoe I 


XoiorAi. Rats 


NUMBER 

P,t 


p„ 

— 

MUSCLE PROM LEU 

LIVER 

1 

6.99 


0.7S 


6.S9 


6.S0 

3 

C.SS 


6.9S 

4 

0.72 


6.SS 

5 

6.70 


6.S4 

Average 

0.S4 


6.S6 


Table II 




Tumor Rats 



NUMBER 

p » I j h 

PLEXNER-JOBLING NORMAL .MUSCLE 

Pn 


IiAT CARCINOMA PROM LEG 

LIVER 

i 

7.31 

6.S3 

7.05 

- 

7.39 

6.S7 

6 93 

3 

7.41 

6.92 

6.95 

4 

7.29 

- 

6.S7 

Average 

7.36 

6.S7 

6.95 


Table in 




-Mice With Tumor 03 


number 

TUMOR TISSUE 

NORMAL 

MUSCLE PIIOM LEO 

1 

7.54 


6.97 


7.39 


6.7S 

3 

7.24 


6.SI 

Average 

7.39 


6.S5 


Furusawa and Kerridge, 10 and CarJstrom, Ege, and Henriques 11 obtained 
aveiage P H values of 6.89 and 6.88, respectively, for tissues from leg muscles 

of normal rats. Our results for similar normal tissues are therefore in close 
agreement. 


summary 

A method has been described for the determination of Ph in normal and 
malignant tissues by means of the glass electrode. The electrical apparatus 
is comparatively simple, stable and semiportable. For the normal animal 
tissues compared, our results are in close agreement with other workers. 
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THE RECORDING ELECTRODYNAMIC BRAKE BICYCLE 

ERGOMETER* 


L. E. A. Kelso, B.S., and Frances A. Hellebrandt, M.D., Madison, Whs. 


W E HAVE elsewhere briefly described a bicycle ergometer which has since 
been rebuilt, further improved, and modified. 1 It fulfills the need for a 
work machine which not only provides a satisfactory brake and accurately 
measures work done, but which simultaneously records the constancy of the 
output and the speed of working. These are factors of importance in physio- 
logic studies of exercise so far as the cost of muscular work is related to the 
speed and steadiness with which it is performed. The constancy of the output 
is a variable hitherto unmeasured by the ergometers in common use. The 
chief purpose of this communication is to present the circuit diagram of the 
new recording electrodynamic brake ergometer and to describe its method of 
calibration. 

Principle. — The principle of the electrodynamic brake resides in the fact 
that a separately excited direct current generator is the load. When a genera- 
tor armature is rotated and the field is excited, a voltage is generated. If the 
armature is then connected to a resistor, a current will flow. This current 
reacting against the field magnetism develops a counter torque or brakin'' 
effect. The work done in unit time is the torque multiplied by the distance it 
moves, or the rate of work in watts is the generated voltage times the cur- 
rent flowing. 

Description of the Apparatus.— As constructed, the ergometer consists of a 
standard woman's bicycle frame from which the wheels and handlebar have 
been removed, mounted on a portable supporting structure along with the 
necessary accessories. These consist of a generator, storage battery, load re- 
sistor, field control resistor, ammeter, voltmeter and electrical revolution 
counter. The set-up is illustrated in Figs. 1 and 2. 

,.n. * Fr0m lhC DcPartmCntS ot Physiolosy “1 Electrical Ensineerin- UnJversUr of , vlscQn _ 
Rfcelwd for publication, September 20, 1033. 
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The generator is a 12 volt Dodge automobile starter. The series winding 
is disconnected and the shunt winding is connected for separate excitation. 
The generator is directly driven from the main sprocket which has 100 teeth. 
There are 10 teeth on the generator sprocket, giving a generator to pedal speed 
ratio of 10. A fly wheel is affixed to the generator shaft to assist in the main- 
tenance of constant speed. 

The load resistor is of advance wire which has a resistance practically 
independent of temperature. The resistor is connected across the armature 



Fig. 1. — Photograph of the recording- electrodynamic brake bicycle jje sW'f c !' 

meter; V, recording: voltmeter; T, timer; C , electric clock; FR. field control rt&s ». ng . suite* 1 
board ; LR, load resistor ; F , flywheel ; G, generator ; MS, main sprocket. xi*- sprocket 
for the electrical revolution counter may be seen just above the hub of v'fh » flvwheel. 
storage battery and charger are located to the right of the generator and me „ 


with a switch S z which may be opened for testing purposes. It is 5nac ® l ^ or 
6 coils of wire in parallel so that the value of the load may be chan 0 et 
subjects of widely different strengths. , . 

, mi, e (jloCK 

The voltmeter is a 15 volt graphic recording instrument. 0 j 

driven by a Warren self-starting synchronous motor, and has chart spe ^ 
3 inches per minute and 3 inches per hour. It is started and s opi^ ^ 
switch S. s which is mounted within easy reach of the subject. e 



momizmxsm , elect, .oovnam.c nun “ rcsc “- 

changes the ehnvt speed ^ b^W™* ***** “* “" 
needle is large and easih Ms.bk, . 

times and may be made lecoi m a . lUe cU rrent for the field ex- 

A 12 volt storage batters is u»e ' t j mer * p or convenience a portable 
citation, the revolution counter and ^ the battery> and it may be 

charger is mounted on the 1 * circuits are so arranged that the bat- 

"T - «•"* “■ as a nwtor f “" 

calibration purposes. _ reading instrument. It indicates the 

The ammeter is a lo ampt J J ergonie ter is in use and the value ol 

value of the excitation cun cut u hen 



Fig. 


-Circuit diagram of the electrodynamic ergometer. 

the current to the armature for motor action during 

Field currents from 1 to 7 amperes are those normallj used Switch b, is m 
the fieldcircuit. The double throw switch S a is used to send the armte , mo tor 
current direct to the armature, or through the ammeter m paraUel wrfh the 
field current. The ammeter may thus he made to indicate either the field cur 
rent alone, or the combined field and motor armature currents. 

Tlie field current is controlled by a 20 inch, 12 ampere, 8.5 ohm resistor 
with a sliding contact, C\. This field resistor is mounted in front of and close 
to the operator, so that it may be reached and controlled while riding. The 
roving contact, C-, may he connected to various points on the batten,* for motor 
operation purposes. 
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-Vitch on the main sprocket makes cm t ^ “ deetrom ^. A rotating 
* closed, * starts and £ ZoTo^TuT T ™ 

out of sendee by a timing device parallel with S ** * ■* 

connects the timer with the ergometer ti.p1 t ^ ^ COnductor cable 
b - y C 3, C\, and 6',. When S is onen tl. r ,°“ taets ai 'c made as indicated 

when S, is closed, the timer is inoperative wLT s' T*™) °f ^ C0Unter> but 
the timer are out of service. s ° pen ’ both the counter and 

every fifteen seconds. The current^ ^ ^ elech ’ lc clock and dosed 

The current through S operates i ”? 1 operates a re] ay that closes S s . 

° 3 an eIec ti‘oniagnet that rotates a drum fa 



of a revolution. The swin-l. <? „ , , 

ing. The ennt™t i 1S P ara tleled by a condenser to cut down spark- 
time depending ^ ° Ulm ’ * s °P enec l and closed for different lengths of 

me depending upon the calibration of insulating strips on its surface. 

the ergcmeteT input ’is te) ''~ The output of the sub J ect 13 tlie input to 
armature generated power P °™ l0SS6S 

current n P ' 1 auy s Peed and field current and no armature 

power is ass2ed toT f ^ is «*** to run the ergometer. This 
stray power lose mi ° 1UC epeudent: armature current and is called the 

ture current 1 tl ^ armatui ' e deveIo Ped power is the product of the arrna- 
of tLse r f generated voltage. It is possible to determine the value 
these losses for any load terminal voltage. Their sum plotted against load 
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terminal voltage is the calibration curve of the instrument, ibis is presented 
in Fig. 3, the speed vs. load terminal voltage curves being plotted on the 
same sheet. 

The stray power iosses are determined by making a series of runs, vary- 
ing the speed but keeping the field current constant for each. The speed, field 
current, armature voltage, and armature current are recorded. The stray 
power losses are then calculated and the corresponding load terminal voltage 
determined. The stray power losses for the various speeds and field currents 
are then spotted on a graph and a composite curve drawn which gives the 
loss for any voltage. 

The armature developed power is calculated in the following way. The 
generated voltage is the sum of the load terminal voltage, the brush drop, and 
the resistance drop of the armature proper and the leads. The armature cur- 
rent is the load terminal voltage divided by the load resistance. The load 
resistance is constant and is independent of temperature. The brush drop is 
assumed constant at 0.5 volt. The resistances of the armature and leads vary 
with the temperature, but since they are small, the error due to temperature 
change is small. 

The resistance of the armature, the leads and the load resistor was deter- 
mined, employing the volt ampere method, and using currents over the range 
that would be obtained under load conditions. The brush drop was estimated 
by plotting a series of curves of no load terminal voltage vs. speed, for constant 
field current. These curves were projected back to the zero speed line, their 
intersections with this line being taken as the brush drop. In making the no 
load runs the generator was operated as a motor. Switch S z was opened, S 2 
was closed up, S l was closed, the field current I; was adjusted to some value, and 
contact C 2 was connected to some point on the battery, as B t . The apparatus 
now operates motor action at no load, and the input to the armature is the stray 
power losses plus a small loss due to brush drop and ax-mature resistance. The 
field current was again adjusted and the values B, E h l f , and R.P.M. were 
recorded. S, was closed down. The armature and field currents both pass 
through the ammeter. They were recorded a s l( a + f ). g 2 was closed up and a 
new contact made on the battery, and the data were obtained over the ran^e 
of speeds to be used. Then the entire procedure was repeated for all values 
of field current over the range to be used. 

The stray power loss is the generated voltage times the armature current. 
The generated voltage is related to the no load terminal voltage by the fol- 
lowing equation: E 9 = E t - (0.5 + laRa). 

The no load data for the stray power calculations were arranged as follows - 
B E t I f I( atI ) I a R.P.M. S.P. E,„ aa 


where B is the connection on the battery, E t is the no load terminal voltage I 
is the field current, I( a . ( ) Is the sxim of the field and armature currents Y is 
the no load armature current, R.P.if. is revolutions per minute SP is'strav 
power loss, and E loa „ ls the load terminal voltage for a generated ’voltage of the 
same value as the generated voltage for the corresponding E t . ° 
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The loaVTmninaf rc^JtedTort^ ^ CaIculated a * before, 

iug equation : ° ^ t0 the derated voltage by the follow- 


K* - 0.5 


E > o - 


* fc ioa«i 

oE the 1- - 

voltage by the following equation : < ~M>iiw 1 l terms of load terminal 

Et 


W = Zl_ (Rl . \ . 0.5 E t 

R,„.r . UCr ' t H-a) + K 


L loatI 


Riot, 


rpi ll, IoatI 

watts are changed to Jvg.m./min. by the following equation.- 
Ivg.ni./min. = \V(6.15075). 

power losses, (b) arafatm '-elm 17^^° P °f ' b ’ L ' sources of error are * 00 stray 
small and then- ,„u. -i i R losses, and (c) brush drop loss. These are all 

effect is assumed^ ^ 1 i Var,atl0n from the mean is also small. Their total 
keep the volt-i e ° t *** * ,Sm errors due to the inability of the subject, to 
V. ’ a,Ul may theref0l ' e ba fleeted. 

measure the rmf °f jn *j tlument has not been determined. It purports to 

comparison nf PUt ot medlfl,neal work performed by human subjects. The 

effect' and fm-H 10 .™- 8 ” 148 obtamed with so,ne outside criterion is difficult to 

brake principle nf 1 ’ ™ unn ® eessar y because the instrument is built upon a 

with success ’ P . 10Vet . c h ar <Tcteristies already demonstrated and long used 
"icn success in engineering. 

chanicnl wm-ir 6 ^ be measuring devices for the determination of me- 

conditions ;• l aUC ^’ and s P eed give invariable readings under identical 
tergal 8 u ^ F° V a “ iveu field current and pedalling rate, the load 
lions and tl S ? 1S always tIle same - irrespective of the environmental condi- 
by svnebrrmf oxpei lenee of the operator. Constancy and speed are measured 
load termini! 6 ’u ectneally dl ‘iven clocks. Under identical field currents and 
during m-nt a “ es > the speed of pedalling may be well duplicated, both 

different ^ b ° Uts of esere “e and during pieces of work performed on 

holds: Dm 1 01 exani l J i e J at a given field current an experienced rider 

the snepd of° ^ ir UeedI f at the prescribed point with such accuracy that 
• , P<3 a , m “’ es timated for one minute at five-minute intervals dur- 

ner minnt ^ Peil ° d . exeic ' se ’ will not vary by more than one revolution 
of the time 6 ? ^ 01 minUS ’ and will remain at the modal E.P.iU S3 per cent 

tivit^nd'lT 6 th f S “ easuril1 " device is especially good because of its objec- 
st-inev of adlm “ stratlve economy. The recording voltmeter graphs the con- 
stancy of the performance and automatically records the data necessary for the 
calculation of the rate of working. The speed of pedalling is also automati- 
cally counted at any desired intervals during the exercise. The apparatus is 
movable and may be used by a subject without the assistance of an operator. 

Principles for the Selection of Load and Speed Conditions.— Table 1 pre- 
sents the rate of working and the speed of pedalling under a wide range of 
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field current and load terminal voltage variations. The exercises performed 
under these loads and speeds have been classified physiologically as to then 
severity. In Table II this classification is presented along with the data for 
performing the different exercises in various gradations on the eiecti adynamic 
brake bicycle ergometer. 

Table X 

The Rate or Working and Speed or Pedalling Under. Various Conditions or Pi eld Current 

and Load Terminal Voltage* 


LOAD TERMINAL 
VOLTAGE 

RATE OE VOttK-j 
IXG 

speed 

OF PEDAl 

.ling at 

VARIOUS 

FIELD CURRENTS 

2 AMP. 

o AMP, 

4 AMP. 

.5 AMP. 

0 AMP, 

7 AMP. 


Kg.m./Min. \ 

It.P.M. 

It.P.M. 

It.P.M. 

R.P.M. 

It.P.M. 

It.P.M. 

0 

167 

40 

32 

26 

23 

20 

19 

3 

.309 

GO 

45 

36 

32 

2S 

25 

4 

501 

7S 

.50 

4S 

41 

3S 

34 

o 

! 740 . 

104 

7.3 

5S 

50 

47 

43 

6 

! 1,031 1 

124 

SS 

72 

GO 

5T> 

51 

( 

i 1,366 


104 

S4 

74 

64 

GO 

8 

| 1,749 


120 

9S 

84 

72 

OS 


•For a load resistance of 0.286. 


Table II 

Speed and Load Conditions for Gradations or the Various Types or Exercise 


RATE OP WORKING 

SPEED OP PEDALLING FIELD CURRENT LOAD TERMINAL 

VOLTAGE 



Mild Exercise 



Kg.m./niin. 

It.P.M. 

Amperes 

Volts 

1G7 

40 


2 

o 

167 

32 


5 

2 

309 

45 


3 

** 

309 

36 


4 

3 



Moderate Exercise 



309 

60 


2 


309 

45 


3 

3 

501 

78 


2 

4 

501 

59 


o 

4 

740 

73 


3 


301 

4S 


4 

4 



Violent Exercise 



740 

104 


o 


1031 

88 


3 


1031 

124 


•> 


1366 

104 


3 


1366 

84 


4 


1749 

120 


*> 


1749 

84 



-8 

1749 

98 


4 

8 

8 



Exhaustive Exercise 


“ 

740 

73 


3 


1031 

SS 


3 

'* 

1031 

72 



6 

1366 

84 


4 

6 

1366 

74 



/ 

1749 

84 


i 

7 

1749 

72 


6 

S 


he exact load and speed conditions to be selected depend upon the 
and the development of the individual subject. The child does not t,os^ 
the muscular strength to perform exercises at the upper ranges of field 'c 
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rent. Nor ean the upper ranges of speed be well borne. The young adult is 
better suited than the subject in any other age group to carry on violent 
exercises of speed. He can be expected to perform creditably under the low 
field current and high voltage conditions associated with the highest pedalling 
rates. Muscular power is at its height during middle age and the exhaustive 
exercises of endurance at high voltage and field currents are then well toler- 
ated. Table II is based upon the performance of strong, healthy, young adult 
women in training for physical education. At a given rate of working, they 
invariably prefer an exercise with a low field current and high speed of 
pedalling to one with a high field current and a slower pedalling rate. Exer- 
cises of speed are performed well, but these subjects do not possess the mus- 
cular power to pedal against a strong resistance. The limitations of the table 
are obvious. Mild exercise for one individual may be moderate for another. 
Under certain speed and load conditions an exercise may be easily borne for 
ten minutes, but carried on for an hour, it becomes exhaustive. 

Operation of the Ergometer . — Having decided upon the field current and 
the load terminal voltage with the aid of the tables, close switch S s and switch 
S u leaving C 2 disconnected. Adjust the field current to the proper value by 
moving the slide contact on the field resistor. The proper selector on the 
timing device is connected at S 0 and the drum is rotated until it has at least 
one movement to make before S 3 contacts. The roll mechanism of the volt- 
meter is started by closing the clock motor control switch S The revolution 
counter is read, pedalling the bicycle is begun, and S 2 is elosed. The subject 
now has fifteen seconds or more to get to stable conditions before S 0 contacts 
and the revolution counter begins to operate. The counter will operate for 
the chosen time and will then be automatically disconnected. The reading o 
the counter is then recorded, and the subject continues to ride and record to 
the end of the run. 


Comment on the Uses of the Instrument . — The ergometer has thus far been 
used for the following four types of problems: (1) The repetition of identica 
work under constant physiologic conditions for the study of training, t- 
The repetition of identical work under variable physiologic conditions for t ie 
study of their effect on its cost. (3) The study 7- of the physiologic effect o^ 
varying speed at a constant mechanical output. (4) The graphic recon o 
fatigue curves. The advantages of the recording ergometer for repetitious 
work are obvious. The instrument lends itself especially well to studies nec ® 
sitating variations in the speed of pedalling at constant output. A sin ® 
manipulation, the alteration of the field current, accomplishes this since ti 
rate of working remains constant as long as the load terminal volt a D e 
unchanged. 


SUMMARY 

The electrodynamic brake principle has been applied to a stationary 
cycle ergometer. It has furnished an easily adjustable brake with a L ° n ®‘ 
coefficient of friction. The introduction of a recording voltmeter has ma ^ 
possible to measure with accuracy the rate and steadiness of worung. 
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instrument may be used under a variety of speed and 
out the assistance of an operator. 


load conditions witli- 


The wgometcr was built by J. S. Hippie, mechanician, 
School. We wish to acknowledge his helpful suggestions and 
development of this project. 


in the shops of the Medical 
cooperative assistance in the 
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THE TRYPTOPHANE CONTENT OF BLOOD SERUM* 


A New Technic 


Arthur T. Brice, Jr., B.A., M.T., Palo Alto, Calif. 


M ITGHEL and Hamilton 1 in their work on the amino acids qutjte J. M. 

Looney, as follows: “The multiplicity of the methods proposed for the 
estimation of tryptophane and the inconsistency of the values given are suf- 
ficient evidence of the importance attached to the subject and the worthlessness 
of most of the methods.” Such a situation offers little encouragement to present 
another tryptophane method, but it does suggest that conflicting results in dif- 
ferentiating between normal and pathologic material might he avoided by some 
standardization of procedure. The tryosine content of the plasma proteins has 
been shown to be constant, and the determination of this amino acid can, there- 
fore, be used as a measure of the total protein. Tryptophane, however, in the 
light of our present knowledge occupies a position more characteristic of an 
independent variable. Glycocol, alanine, serine, cysteine, aspartic acid, and 
glutamic acid are among the glucose formers of the amino acids. Valeine, 
leucine, isoleucine, phenylalanine and tyrosine give rise to beta-bydroxybutyrie 
acid. Histidine and tryptophane are exceptions. It has been shown tha t 
tryptophane forms neither glucose nor beta-hydroxybutric acid in the organism 
of the dog. The tryptophane content of the plasma proteins has not been ac- 
curately established, and the practical application of a blood serum tryptophane 
method does not, therefore, at the moment seem apparent. The lack of such a 
present application, however, should not deter us from keeping our faculties of 
observation alive and seeking to learn what we can of physiologic or pathologic 
significance about this unique amino acid. It is with the hope that it maylbe 
used for such a purpose that the following teclmie for blood serum tryptophane 
is suggested. 


•From the V. S, Veterans’ Administration Hospital Pair, \it„ m. 
Halved tor vmWcaUon. September 27. 1933. ° MUk CaIif0rma ’ 



1114 


THE journal of laboratory AND CLIN, cal medicine 


JZSZZ IZZ'^T* f ” * «** be. 

been shown to ho *»*££ " t %»££* <*"*• ,« * *■ 

tor clinical laboratory application ns it u ■ “ par ““ la ‘' 1 r suitable 

its application to human Mood s n™ ,, T P ' e “ ni1 r “ pW ' , r hav « ‘‘“''.loped 
which is practically permanent it In 11 "i p ? t ' pam ‘ aa artificial color standard 
11 standard is open to cr TI. t f Kl "'“ h 0KliMt V H* use of «h 

from its comparatively iic"lioiblc° U1 - ^ staild P 0Illt of absolute values, but aside 
chemical standard whirl, n " , t expense ‘b b as a distinet advantage over the 
of data. The chi ' *, L f ^'.unstable as « *r the aecu, nutation 

error would life, n o “ .T*"*? '» “etemration an element of 

with the artificial standard o seues . tor wIlIc| i ib miylit be employed, whereas 
not c.,an S e " ta " *» “ ” f - 


« 1 Avsi DAKD 

served with -i c-rtat- ^ ° 1U stoc ^ ^-05 P er cent aqueous solutions pre- 

blue and DoutW ' °i ‘f, 1 ™ 01 of tlle DuPont water soluble dves violamine 
tioiTs d! Tinn St blUe • ExaCtIy 2 ‘ S C - C ‘ of eilch ot these hvo stock sola- 
per cent sodium ol 1 ■ . C ' C ‘_ Wltil a soIut mn consisting of 3 per cent gelatin, 0.9 
dissolved hv I, r ° n< ° PCr Ceilt oxa “ e ae 'il. and several crystals of thymol 
mentation Lite? * b0,li “"' ' ralcr ' baa . coolins, and clearing by sedi- 
neUl 1 dn ,, S l ’ “ ffltl ' ati0 ”' A S»»‘‘ srnde of gelatin must be used 
color T o n'p “ e^fl clear with a trace of amber 

standards •. ” c° U j 1 ? ^ wJliul1 wer ° developed specifically for use as color 

Pedod of ’vl . °V“ y mdf0m col ° l - value. They are light fast over a 
is used to n • ^ ^ , the soIutlons ai 'e kept in dark bottles. The gelatin vehicle 
the linT-nn r 10 m 0 i' 11 * 16 stan ^ arc l a molecular density, approximating that of 
iaboi-itm-v" U °° C i SeiUm 111 * xturcs - ^’Ins standard may be prepared in the 
Dunni r , 01 ma ^ e , P lu ' c hased ready for use from the Hynson, Westeott and 
i nrr wt+wf 8nJ 0t ' Baltimore > to which firm I am indebted for acquaint- 

° th thP pr0perties use of the DuPont water soluble dyes. 


REAGENTS 

i- P '* >lS f' 0 ^ 6 Glyoxylic Reagent . — To one liter of a saturated solution of 
r v C .. ^ ° m ' °^' ^ P er cent sodium amalgam and allow the mixture to 

stand until the evolution of gas ceases. Filter and dilute with 2 or 3 volumes 
ot water. 

. .. _ e olyoxylic leagent prepared according to Benedict’s formula gives prac- 
iea y ic entical values with the above, but I have found it not to keep as well 
and old reagents to give less brilliance of color. 

Sitlphuiic Acid 95 per cent. A chemically pure or reagent quality of con- 
centrated acid must be used, the usual U. S. P. grades giving cloudy solutions. 

TECHNIC 

a. Clear blood serum is diluted 1/10 with distilled water and 1 e.c., equivalent to 0.1 «■ 
of serum, placed m a clean glass test tube. 

b. Add 1 e.c. of glyoxylic reagent and then 3 e.c. of sulphuric acid, a few drops at a 
time, while shaking the tube. 




A COMBINATION CONDENSING AND RECEIVING VESSEL* 


Robert A. Greene, Ph.D., and Richard R. Roehji, M.A., Tucson, Ariz. 


D URING the past few months the authors have had occasion to make a 
number of protein analyses. Since only small amounts of material were 
available, Cavett’s 1 mieromodification of the Van Slyke method was used. In 
the determination of arginine, an aliquot of the basic fraction is hydrolyzed 
with strong NaOH, which converts arginine into omithin and urea. After hy- 
drolysis, ammonia is distilled into standard acid. In the original method of 
Holm 2 the ammonia is distilled through a condenser, hut in Cavett’s modiflca- 



Fig. 1. 


tion, it is distilled into a receiving lube containing standard acid. A l al ° e ^ 
tube is usually employed as a receiver and must always he placed in a ea ’ 
ice in order for it to function as a condenser. Although this method °* ve 
factory results, it is not convenient, and necessitates a supply of ice. ^ 
quently, a combined condensing and receiving vessel was construe e 
functions better and which uses circulating water as the cooling agen • 
construction of the vessel is shown in Fig. 1. _ diameter 

The condenser shell was constructed from glass tubing 5 cm. m ^ 
and 22 eni. in length. A water inlet was placed at the bottom of t ie u 

•From, the Department of Agricultural Chemistry, University of Arizona. 
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au outlet was placed 4 cm. from the top o£ the tube. The receiving vessel was a 
pyres test tube 3 cm. in diameter and 20 cm. in length. A rubber stopper 


(size No. 9) was bored to receive the test tube. 

The standard acid is placed in the tube and the distillation conducted in 
the usual wav. A current of tap water cools the test tube, which semes as a 
condenser. When the distillation is complete, the test tube may be remo\ ed and 
the solution titrated. 

The author's have secured satisfactory results with this apparatus. It has 
been used for the determination of arginine in protein hydrolysates, and in the 
microdetermination of ammonia iir biologic fluids and in bacterial cultures. 
It could also be used in miero-Kjeldahl determinations, eliminating a special 
condenser. 
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DOG-OPERATING TABLE* 


Reginald A. Cutting, M.D., C.M., M.A., Plr.D., New Orleans, La. 


S EVERAL months ago I was confronted with the task of outfitting a labo- 
ratory for dog surgery. A definite problem was encountered in connection 
with securing suitable dog-operating tables. After some preliminary experi- 
mentation with the various types of tables with which I was familiar, all of 
which proved to present disadvantages, it was decided to attempt to design a 
more satisfactory type of apparatus. The design of the dog-operating table 
which was finally developed and which experience at the Louisiana State Uni- 
versity Medical Center has shown, to be particularly useful and convenient, is 
herewith submitted in the belief that it embodies features which may be of 
interest to others working in the educational and laboratory fields. 

The characteristics which were stressed in designing the table were: (1) 
So far as possible, an all metal construction ; (2) portability, such that the table 
could be readily handled by one person; (3) quick and easy disassembly of the 
entire apparatus; (4) absence of all pockets and depressions in which dirt might 
accumulate; (5) accessibility of all parts for easy cleaning with soap and water; 
(6) a wide range of utility; and (7) sturdiness and stability. 

The table is constructed of pipe iron, angle iron, and monel metal, the only 
wood used in its construction being two monel metal covered boards which 
constitute a troughlike support for the animal’s bodv. 

OharuT r Ho"p^. DuP: ' rtm ' :nt ° f Sureery - ****** State University Medical Center, and the 
Received tor publication. August 2$, 1331. 
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Dimensions-. Fig. .1 shows the completely assembled table. The over-all 
dimensions of this table, exclusive of the instrument tray (which is removable) 
are as follows: height 40 inches, length 47 inches, width 16}4 inches. Pig.. 2 is 
a photograph of the bare frame of the table. For the most part this frame 
consists of pipe iron, of 1 inch diameter, outside measure, the pieces being cut 
to length and solidly welded together. The over-all dimensions of the frame of 
the table (exclusive of the instrument fray) are: height 3614 inches, length 



Fier. l. 



Fig. 2. 




46 inches, width 16 inches. The extreme top of the frame is 
iron which measures 1(4 inches on a side. The angle iron portion of e 
is open at the extreme right end, for the insertion of a monel meta pa ^ ^ 
sequently to be described, which- slides in and out on the lower surface ^ 
angle iron, like a drawer. The cross braces of pipe iron at the bottom^ ^ 
table are ten inches on center from the floor. The end cross braces o 
iron at the top of the table are respectively 2514 inches ( 


right end of the table), 




outtin'u: noc.-oi’Hu.vnxu tabus 


my 


and 31»/ 2 inches (left end of the table), on center from the floor. The side 
braces of pipe iron at the top of the table are 32 Ve inches on center from the 
floor. At the right end of the table, above the cross braces nearest the floor, 
there is an arrangement made of strap steel, for the reception of a white enamel 
ware bucket. This consists of a ring suitably braced both to the legs of the 
table, and also to the base on which the enamel ware bucket rests. The base 
for the bucket is provided by two cross pieces of strap steel, welded to the lower 
cross braces of the table. The steel used in this part of the construction is 1 
inch wide, and Vs inch thick. All joints are firmly welded. 

The instrument tray measures Yi x /-> by 13 inches. The frame of the tray 
consists of angle iron, welded at the comers in the form of a rectangle. The 
angle iron measures one inch on a side. Two cross braces of strap steel are 
welded across the bottom of the frame of the tray, and flash with its lower 
surface. They measure 1 inch in width and :! A r. inch in thickness. The tray 



Fig. z. 


is supported by a right-angled steel rod. The horizontal limb of this rod 
measures 7 inches in length, and is welded both to the midportion of one end 
of the angle iron frame of the tray, and also to the midportion of the proximal 
strap-steel crossbar. The vertical limb of the rod measures 22 inches in length 
and % n of an inch in diameter. The vertical limb of the rod provides sup- 
port for the instrument tray in the following manner: A tubular piece of 
pipe iron, 6 inches in length is welded to one leg of the table by the inter- 
mediation of two offset pieces of strap steel, 1 inch in length and % 6 0 f an 
meh in thickness. Through this piece of pipe iron, the vertical rod’ of the 
instrument tray passes in a snug fit. The tray is made adjustable for height 
by means of a collar and set screw, the position of which can be varied" at 
will. The distance between the floor and the lowermost extremity of the off 
set pipe iron support for the instrument tray, is 26 inches. The instrument 
tray is not only adjustable for height, but swings freely on its supporting 
rod through an angle of 360 degrees. PP mn ° 
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As previously mentioned, the two boards form a trough, being separated 
throughout by a distance of V/jt inches. Four similar supports of angle iron 
bolted at regular intervals to the bottoms of the monel covered boards main- 
tain the angle of the trough, and support this trough on the extreme edges 
of the top of the table frame. These angle iron supports are made of 1 by 
% 0 inch cold rolled steel stock, bent on a template. They consist of a hor- 
izontal bar to which is welded at three plaees an inverted W-shaped piece of 
steel. The table top rests on the extreme upper edge of the angle iron frame 
of the table proper. The nature of the construction prevents displacement 
of the top of the table from side to side. Metal stops welded to the extreme 
end of the frame of the table proper, at its open end, prevent the top of the 
table from becoming displaced in that direction. The top of the table is, 
however, readily lifted, vertically. 

All iron and steel parts of the table are finished with several coats of 
white enamel. 

In operation, the table is extremely satisfactory. Not only is it pleasing 
to the eye, but all parts are easily removed without necessarily disturbing any 
other part of the table. The anesthetist's cabinet is disengaged by simply 
lifting it, and it can be emptied and cleaned with soap and water. The drip 
pan slides freely from the end of the table without disturbing the trough on 
which the dog lies. This pan is made entirely of rustless metal, and can be 
scrubbed into a condition of perfect cleanliness with soap and water. The 
instrument tray and instrument tray frame can be disassembled by a simple 
lifting movement. Similarly, the white enamel bucket, although it is entirely 
stable in its ring stand, can be readily lifted from its position and thoroughly 
cleaned. The top of the table, consisting of the trough in which the animal 
lies, although it is thoroughly stable, with respect to end and sidewise motion 
can be readily lifted vertically, together with the animal if desired, without 
disturbing the rest of the ensemble. 

Note. — This table was skillfully constructed jointly by the pipe-fitting, sheet metal 
working, carpenter, and paint shops of the Charity Hospital of Xew Orleans to my plans and 
specifications, and I am indebted to the mechanics for certain constructional modifications of 
the original design. The cost of the completely finished tables was .$39.60 apiece 
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A Comparative Study of the van dex Beruu and the Thaxxhauseb 


AND A XI) MRS EX PROCEDURES 


E. II. BeXSUEY, MOXTKEAL., OAXAUA 


T HE purpose of this communication is to record a series of quantitative 
determinations of plasma bilirubin by the van den Bergh and the Thann- 
hauser and Andersen teehnies. and to compare the two methods with respect 
to their applicability in clinical work. 

Van den Burgh 1, •• noted that with his procedure the protein precipitate, 
formed by the addition of alcohol to serum, may, at times, carry with it consid- 
erable amounts of bilirubin and, as a consequence, values obtained for serum 


bilirubin may he low. Such loss of bilirubin, however, did not occur or was 
negligible when sera contained no “direct” bilirubin. Thannhauser and An- 
dersen 4 attempted to eliminate this source of error by coupling the bilirubin 
with the diazo reagent before precipitation of proteins with alcohol. Thus, 
according to the van den Bergh technic, 5 the serum (or plasma) proteins aie 
first precipitated with alcohol and the protein- free portion is treated with 
the diazo reagent ; whereas, with the Thannhauser and Andersen procedure 
the diazo reagent is added to the serum (or plasma) before precipitation of 
the proteins. Thannhauser and Andersen also suggested the addition of am- 
monium sulphate to ensure complete precipitation of protein. Comparison of 
the values obtained by these two methods 4, r * s u indicates that loss of bill 
rubin by occlusion in the protein precipitate is considerably reduced bj the 
Thannhauser and Andersen technic. 


In this Clinic, the van den Bergh method has been used since 1022. 0\ei 
five thousand determinations have been made, and correlation between plasma 
bilirubin values and clinical findings has been satisfactory, with one exeep 
tion; in cases of subsiding jaundice, there appears to be no relationship e 
tween the color of the skin and the amount of bilirubin in the blood, 
absence of relationship was thought to be due to the rate at which biliin m 
is liberated from the tissues in this condition ; at times, liberation of hi 11 u 
from the tissues may be slow and the rate at which the pigment en * ers . g 
blood may be much lower than the rate at which it can be remove - 
would explain the frequent finding, in such eases, of jaundice of the s 
spite of normal or nearly normal amounts of bilirubin in the blood. 11 ' ^ 
of the definitely established fact that the van den Bergh procediue ma -' ^ 
be quantitative when the blood contains “direct” bilirubin, it is necessaij ^ 
seek an explanation of the generally satisfactory results with this tec 


‘From the Department of Metabolism, The Montreal General Hospital. 
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this Clinic. 1 was, therefore, prompted to compare the van den Bergh pro- 
cedure with that of Thannhauser and Andersen and correlate the data with 
clinical findings. 

METHODS 

Chalated plasma was used and all tests were commenced within one hour of collection 
of blood. Yan den Bergh 's cobalt-sulphate standard was used/- All determinations were car- 
ried out by the writer. 

Fan den Bergh Technic .—-' Two volumes of 95 per cent alcohol were well mixed with one 
volume of plasma and the mixture was centrifuged. To 1 c.e. of the dear supernatant fluid 
was added 0,5 c.c. of 95 per cent alcohol and 0.25 e.c. of freshly prepared diazo reagent. 
Fifteen minutes were allowed for full color development. The solution was then diluted with 
66 per cent alcohol until the color matched that of the standard. In estimating the bilirubin, 
a dilution factor of 1 in 5 was used. 10 

Thannhauser and Andersen. Technic . — There was 0.5 e.c. of freshly prepared diazo re- 
agent mixed with 1 c.c. of plasma, and fifteen minutes allowed for full color development. 
There were 2.5 c.c. of 95 per cent alcohol and 1 c.e. of saturated aqueous solution of am- 
monium sulphate then added. After thorough mixing and centrifuging, a portion of the 
supernatant fluid was removed and diluted with 33 per cent alcohol until the color matched 
that of the standard. In estimating the bilirubin, a dilution factor of 1 in 4 was used/ 


DISCUSSION OF RESULTS 

There is fairly general agreement that loss of bilirubin due to occlusion 
in the protein precipitate does not occur or is negligible when there is no 
"direct" bilirubin in the blood. In such cases, there are no significant differ- 
ences between values obtained by the two methods. In this investigation, 
therefore, only plasmas containing “direct" bilirubin were used. All showed 
a “biphasic" direct reaction. In all, one hundred determinations were made 
in forty-three cases. The plasma bilirubin ranged between 0.3 and 32.0 units. 
Losses of bilirubin with the van den Bergh technic were calculated from the 
differences between values obtained by the two methods, it being assumed 
that no loss occurred with the Thannhauser and Andersen technic. The com- 
bined results are shown in Table I. 


Table I 


Showing Loss of Bilirubin With the van den Bekgh Method 



BILIRUBIN j NUMBER 

RANGE , or 

(UNITS) j TESTS 


PERCENTAGE LOSS 

NONE ] 

-20 

21-40 

41-60 

61-80 

Combined data 

0.3-32,0 100 

— } 

44 

21 

14 

16 

5 

- 4.0 i 66 

40 1 

1 8 I 

i 4 1 

10 

4 

4.1-32.0 34 

4 

i 13 

! io 

6 j 

1 

Subsiding jaundice 1.0-13.2 27 

i o 

1 1 1 5 

16 ! 

5 

All cases, except subsid- 
ing jaundice 

0.3-32.0 73 ; 44 

! 20 ! 9 

0 

~o 

- 4.0 51 , 39 

5 9 ' 3 

0 

0 

4.1-32.0 22 ! 5 

1 1,6 

0 

0 


It will be observed that, with the van dei 
rubiu ranged between zero and over 60 per cen 

* !n G-' 1 , at the 100 determinations, the 
TTi n I\ r '- e *ratate and supernatant fluid as 
rub m \uIucm obtained by the assumed (l:n 
the MtgnMcance of the results. ' * 


Bergh technic, losses of bili- 
When the data are grouped 


„ Tie* ** *•**'■' VUlUUie OI 

. ,. Tiie differences between bill- 
were not sufficient to affect 
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according to concentration of bilirubin, it would appear that, in general, the 
higher the concentration the greater the loss. Losses ranging from zero to 
over 60 per cent were, however, still noted regardless of concentration. In 
view of the observation that the van den Bergli method was found unsatis- 
factory in eases of subsiding jaundice, it is of interest to note that the greatest 
losses occurred in this type of case; of 27 such determinations, losses exceeded 
40 per cent in 21. In all other eases, the loss of bilirubin with the van den 
Bergli technic was relatively small; though losses were greater with plasmas 
of high, than with those of low, bilirubin content, they never exceeded 40 
per cent and, in most, were less than 20 per cent regardless of concentration. 
That the marked losses of bilirubin noted in the eases of subsiding jaundice 
were not accidental is shown by repeated determinations in the same indi- 
vidual (Tables II, III, and TV). 


Table II 

Showing a Series or Determinations in the Same Individual 
Hosuital No. 3122/33. Diagnosis: Catarrhal Jaundice 
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Table IV 

Showing a series ok Determinations in the Same Individual 


Itosi*. Xo. 351(5/33. Diagnosis: Catarrhal Jaundice 


PLASMA I 
(UK1 

VAX DEX BERGH 
METHOD 

ilLHUTBlX 

ITS) 

TUAXXHAUSEU 

AKD 

axdeusex 

method 

LOSS OP 
BILIRUBIN WITH 
VAN DEN BERGH 
METHOD 
! (PER CENT) 

REMARKS 

32.0 

31.2 

0 


24.0 

24.0 

0 

Depth of jaundice stationary 

11.0 

13.2 

17 

Jaundice commencing to fade 

4.7 

s.s 

47 

Jaundice rapidly subsiding 

4.0 

9.2 

50 


1.3 

4.S 

73 

Still slight jaundice 


The observation that the van den Bergh technic is not even approximately 
quantitative in subsiding jaundice explains largely the absence of relationship 
noted at times between the clinical picture (color of the skin) and the bili- 
rubin content of the blood in this type of case. With the Thannkauser and 
Andersen technic the discrepancy is not nearly so marked, although there is 
still evidence that, at times, the rate at which bilirubin enters the blood from 
the tissues is lower than the rate at which it can be removed. In all other 
types of cases investigated, the van den Bergh technic, although not strictly 
quantitative, is sufficiently so for clinical purposes. It may here be noted that 
it was found that in the detection of “latent” jaundice, both technics are 
equally sensitive. 

summary 

One hundred determinations were made of the bilirubin content of blood 
by the van den Bergh and the Thannliauser and Andersen methods in cases 
with “direct” bilirubin. Both methods were used in each case and deter- 
minations were made simultaneously. 

In subsiding jaundice, the values obtained by the van den Bergh technic 
are not even approximately correct ; loss of bilirubin may be as much as 60 
per cent or more. In such cases, therefore, the Thannliauser and Andersen 
procedure is indispensable. In all other cases, however, including latent 
jaundice, the van den Bergh technic, although not strictly quantitative, is 
sufficiently so for clinical purposes. 
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A METHOD OF PREPARING DUODENAL POUCHES FOR USE 
IX EXPERIMENTAL WORK' 5 


FREDERICK C. JltLB, M.D., lltWIN NUlCrUS, M.S., AND 
Charles if. Wilhelm.), M.D., Omaha, Neb. 


TOURING the course of experimental investigations of the secretions found 

iu the cluocienum, it sometimes becomes desirable to prepare an isolated 
segment of the duodenum, one end of which opens on the abdominal wall. 
By means of such a pouch studies may conveniently be made of the duodenal 
contents, uncontaminated by juices from the stomach or jejunum. If the open- 
ings of the bile and pancreatic ducts are included in the segment of duodenum 
utilized for the poueli, as is usually the ease, certain difficulties present them- 
selves. As Elman and MeCauglian 1 have shown, the duration of life after a 
fistula of the pancreatic ducts has been established is a matter of only a i’ e " 
days, and the animal will thus not live long enough to permit firm healiu- 
of the closed end of the pouch. During the first week there is apt to be an 
inflammatory reaction at the suture line which might interfere with noima 
experimental results, and in addition if fluid is introduced into the P°“^ 
under any degree of pressure there may be leakage at the suture line, 
have had occasion to prepare and use a number of duodenal pouches,- and iaw 
found that the above factors are eliminated if the pouch is made by the o 
lowing method : 

Under intratracheal ether anesthesia, and using aseptic technic, the ahdo 
men is opened through a midline incision extending from the ensifoim cai 
downward about 4 inches. (We have used the dog iu all of our taoiIw 
first part of the jejunum is identified and marked by an Allis foieep. ^ 
pyloric end of tlie stomach and the first portion of the duodenum aie 
up, packed off, and severed between heavy clamps at the pylorus. The ® 
tlie stomach and the adjacent end of the duodenum are then inverted anc ^ 
by two layers of 00 chromic catgut. Tlie previously marked jejunum i ^ 
approximated to the anterior surface of the stomach and a gastroeutexos ^ 
performed. The abdomen is closed in the usual manner. This cons grJl _ 
first stage of tlie operation, and tlie animal is now allowed a period o ^ ^ ^ 
don, usually about two weeks, before the second procedure. Dmui 0 ^ 

♦From the Departments of Experimental Surgery and Physiology. Ci eighton 
School of Medicine. 

Received for publication, October 16, 1033. 



IUU, KT AL. : MKT HOD OF 1-UEI-AP.INO DruDEXAI. TOUCHES 


1127 


the dosed end o£ the duodenum, whirl. will he the blind end oE the pouch, hen 
an opportunity to heal eomptetely, and the animal returns to a normal phys.eal 

condition. , . , . 

The second stage of the operation requires only a tew minutes and is per- 
formed as follows: The abdomen is again opened through a part ot the length 



nraL - duodenal pouch. The duodenum has 

been severed from the stomach at the pylorus, the open ends have been closed, and an anterior 
Gastroenterostomy has been performed. 



of the original incision, and the duodenum is brought up into the wound. The 
field is packed off, and crushing clamps are placed on the duodenum about sis 
inches from the closed end. The duodenum is severed between the clamps, 
and the stump nearest the jejunum is inverted and closed by two layers of 
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;i^; s mi,de .?•* *■» *■* — ■«* 

the stab wound the crushim- I ^ P 1S 111601 ted Jnto tlie abdomen through 

h w i; t s t r " rr vcd " ,u ‘ ,,m -* * *"« ■*— - 

heavy cla,„p , ‘ “ ” , „/ » f «mm produced by the 

out, and there I, L ' ? ,,0< ™""‘ d »»“ "'"he it b beta* draw,, 

duodenum b ‘""“’r. 1 T "« °P™ e„d 

not to interfere with the bin i . ** <lnei1111 ’ iaSei ‘‘ l > antI sIci \ care being taken 

by tlie usual method. There is muaUv -o’ 0 ab<lc ! I,11,,aI wound is elose(1 again 
have found that if it i, J ■ m shrinkage of the pouch, but we 

factory. Most rtVt . 7** .* ine,M * lollg > * will remain satis- 

retains its original nerve snnnl ^ C * J ° U ‘ C ' T,le p<mch > wlleu completed, 

fully preserved! PI '' “ d the Wood S ‘W* H of eounte, very care- 
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rubber stopper in place. 0 'pimd^beinc- wS?'i ns the stoma ot Hie poucli with tlie catheter and 

is ount Withdrawn from tlie poucli by means of a syringe.' 


mal deteriorates 6 ^ Xtl0me ia P lc ^ty with which the physical condition of the am- 

outside, it is advisableTo start*the e pa “* reatic juices begin to drain to f h * 

of time Wu o,. ‘ lfc * ie P 10 Posed investigations within a short period 

eighteen hours of aCCllstoined to begin the first series of experiments within 
animal in n-onr? 1 coul P* et * ou of tiie operation. In order to keep the 

1 000 c e nf o P ! 5S1C ! con dbioii as long as possible, dailj r injections of 500 to 
«iven dnilv mJ 'xxr^i C6n sodlum bicarbonate in normal saline solution should be 

sorbed ran - 11 ^ 6 ° UIld tbat given subcutaneously in the dog is ab- 

oibed rapidly and can be given with ease and in large amounts. If the animal 

Live fl i- ! d C °f dlti0n ’ h is ^quently difficult and time consuming to 

. ,, U1 . 111 iaAenous 3' each day, and the subcutaneous route has given perfect 
satisfaction. 

Ill a pouch prepared by the above method, with the duodenum brought out 
1 1 rough the rectus muscle, there would in time be some valve action developed 
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* , ; . WIiaii tllG DOUCll is US6(1 Cailj , hOW 

at the stoma as the mucosa shrinks town. ^ from the wound, we have 

ever, and the mucosa stiU protnues so ^ method o£ insuring that 

found it necessary m most cases t ■ . t A rubber catheter, size 

there will be no loss of fluid i unng an * £ b s j;, e as to occlude the 

16 French, is passed through a ^^per are adjusted so that when 
opening of the pouch, rhe ca ie ei catheter %v5U project about 2 inches 
the stopper is in place m the stoi now be introduced into or 

into the pouch. By means of * [ leakage , especially if the stopper is 

withdrawn from the pouch wi ' ° - be £ ou ml that there 

held in place by manual pressure. In some case, it ^ be . 

is oozing of blood from the P^^dmg^ 5nvalidate the experimental 

fore any healing has taken p • touching the hemorrhagic edges 

data, the bleeding may be easily stopped b> toucmn D 

with the cautery. 
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reticulocytes 6 


Edwin E. Osgood, M.D., and Mablb 1L Wilhelm, A.B., Portland, Ore. 


t-j ETICULOCYTES are young red cells, and therefore, a reticulocyte count 
K arives the best evidence of the state of activity of the bone marrow. It is 
indicated in tlie study of any anemia and is especially important if pernicious 
anemia aplastic anemia, or familial hemolytic icterus is being considered. 
An increase in the reticulocytes is the first indication of a favorable effect from 
therapy in anemias, whether that therapy be liver, iron, or any erythropoietic 
stimulant. Since the reticulocyte count is so important and is so frequently 
done, it is desirable to have a simple and accurate method which will give 
uniform results. It is evident from the large number of methods in use and 
from the wide variation (from as low as 0 to 0.1 per cent 1 to as high as 1.0 to 
3.0 per cent 2 ) in values given for normals, that a uniformly satisfactory method 

has not yet been devised. 

While attempting to find the most desirable method of those now in use, 
a technic was worked out which seemed even more simple and showed more 
reticulocytes in a particular blood than any other method tested. It has the 

•From the Departments of Medicine and Biochemistry and the Clinical Laboratory of the 
University of Oregon Medical School. 

Received for publication, October 13, 1933. 
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additional advantage of being adapted for use with oxalated venous blood in 
our uniform system 3 of hematologic methods. Evidence was further adduced 
to show that the reticulocyte stain is not a vital stain, as is usually stated, but 
will stain dead cells, if they are not fixed. 


STUDY OK METHODS 


Methods for reticulocyte staining may be classified in the following groups: 

1. Methods in which the dye is dried on the cover slip or slide. 

(a) Moist cover slip preparations. 

( b) Dried smears. 

2. Methods in which the blood is mixed with a solution of the dye. 

(a) On the slide or cover slip. 

(b) In test tube, pipette, watch glass, etc. 

Obviously, the concentration, time of exposure to, and nature of the dye 
used may be varied with each one of these fundamental technics. Various 
dyes have been tried, but brilliant cresyl blue lias been found so superior that 
the others need not be considered. 

A series of experiments were performed to decide which of the abo\c 
fundamental technics was most satisfactory. The methods were selected from 
the current literature and tiie textbooks in common use. 

Blood was drawn from the vein of a patient with pernicious anemia and 
used for Methods A to F below and the remainder mixed with 2 mg. of potas 
siuui oxalate per cubic centimeter of blood and used for our experiments wit 
oxalated blood. l<’ive hundred red cells were counted in each experiment. 


Method A; A small drop of fresh blood was placed on a cover slip, ringed "' t ' 1 

to prevent drying, and inverted onto a slide which had been smeared with a drop of s3U ^ er 

alcoholic solution of brilliant cresyl bine and allowed to dry. These were examine ^ 

thirty minutes. Some reticulocytes could be seen, but the smears were too thick an 

cells too unevenly distributed for accurate counting. a 

Method B: Smears of fresh blood were made on slides which had been smeared 

drop of saturated alcoholic solution of brilliant cresyl blue and allowed to ary. 

gave a count of 7.(1 per cent reticulocytes, which seemed to be well stained. jaised 

Method (': One drop of fresh blood was added to one drop of stain on a slid^, j y u e 

and smeared. The stain was made by mixing 2 c.c. of 1 per cent aqueous brilliant ere 

and 8 c.c. of 0.2 per cent potassium oxalate in 0.0 per cent sodium chloride solution, ^ 

a final concentration of 0.2 per cent brilliant cresyl blue, 0.1S per cent potassium oxa . 

0.-18 per cent sodium chloride. These smears gave a count of S.2 per cent reticuloej e > 

seemed to be well stained. ^ 

Method 11 : Fresh blood was drawn up to the 1 mark in a white cell .pipette i ^ 

with stain to the 11 mark and mixed thoroughly. After standing fifteen minutes, 

. 011 ,,, qf'iin was mane u. 

was shaken for two minutes and smears made, drying above a name. ^ sodium 

mixing 3 parts of a 0.3 per cent solution of brilliant cresyl blue in 0.85 P er ce a g na [ 
chloride and 1 part 0.3 per cent sodium citrate in 0.6 per cent sodium chloride, g 1 Qgg 

concentration of 0.075 per cent brilliant cresyl blue, 0.075 per cent sodium c ^ r ^ 3g gmear s 


per cent sodium chloride. An occasional reticulocyte was seen, but the cells on 
were crenated, making accurate counting impossible. d as in 

Method E: One drop of fresh blood was added to 20 drops of stain ' I]rC g| ]ie3r3 .i V ere 
Method C) in a centrifuge tube, let stand for twenty minutes and centrifugated. 
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made of the sediment, drying over a Marne. These smears gave a count of h.G per cent 
reticulocytes, which seemed to be well stained. The red cells were created >n several of 
these smears. 

Method T : Two drops of fresh tdood were added to 23 drops of stain in a centrifuge 
tube, allowed to stand for twenty minutes, and then centrifugated. The stain was prepared 
by miring 1 part of 1 per eent brilliant cre-syl blue in 0.S5 per cent sod.um chloride and 


UY.THOD 


A 

B 

c 

D 

E 

F 

G 


Table 1 


RETICULOCYTES 

Poor distribution 



Crenated 


0 . 6 % 
17.6 % 
23.69b 


5 parts of 1.0 per eent potassium oxalate in 0.85 per cent sodium chloride, giving a final con- 
centration of 0.17 per eent brilliant eresyl blue, 0.17 per cent potassium oxalate, and 0.S5 
per cent sodium chloride. Smears were made of the sediment, drying over a flame. These 
smears gave a count of 17.6 per cent reticulocytes, which seemed to be well stained. There 
was a tendency toward exenation of the cells. 

From these experiments, it was concluded that the fundamental Method 
2(b) is much the most satisfactory because it permits more accurate control 
of the concentration of dye with which the cells come in contact and of the 
time of exposure of the cells to the dye, and because the technic is simple and 
gives permanent preparations if counterstained with Wright's stain. The wide 
variation in counts on the same blood specimen by the different methods (Table 
I) proved that accurate control of these factors is necessary, and that most, if 
not all, of these methods fail to demonstrate all the reticulocytes actually 
present. 

Further experiments were planned to find out whether oxalated blood 
could be used and to determine the optimum concentration of dye and time 
of exposure. Using Method F, which gave the highest count with the fresh 
blood (17.6 per eent) and the oxalated blood which had stood at room tempera- 
ture for one hour, a count of 14.6 per cent reticulocytes was obtained, proving 
oxalated blood to be satisfactory. By using equal parts of oxalated blood and 
dye solution, satisfactory smears were obtained without centrifugation. Since 
the blood already contained an anticoagulant, tbe oxalate solution was omitted 
and mixing the blood with an equal volume of brilliant cresyl blue solution in 
0.8a per cent sodium chloride was tried. Using a series of dye concentrations 
from 0.075 per cent to 14.0 per cent (saturated), it was found that a 1.0 per 
cent solution gave the maximum number (23.6 per eent) of reticulocytes with 
the minimum amount of debris on the slide. Concentrations below 1.0 or 
over 3.0 per cent gave low counts ; the concentrations above 1.0 up to 3.0 per 
cent gave quite satisfactory smears when counterstained with Wright’s stain 
Using equal parts of the 1.0 per cent dye solution and oxalated blood the time 
of exposure to the dye was varied from mixing on the slide (fifteen’ seconds) 
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f . "'"-'‘WL mediuixe 

si'is'BEv::' r - - 

t«tab ^ teCl,ni “ f " a',.d fl " is « 

test tube, equal parts (5 drons-l nf 001 reticulocytes: Mix, in a small 

UtZ.^T T briUiant cresyl blue mTs-*^ Ven0IW or ca P i,lf »T blood and 

usual Ht CaSt ° ne lninu te, mix an d nvtkZ Sodium ehl °nde solution, 
usual. These smears may be couate^a^ ia tbe * - 

w . ‘ l )L11, innent preparation k .* tlme "’thin twenty-four hours 

welTh^ f“ in by the usual technic 0 " The / h ®^. shouId be counterstained with 
the 1 f S l0Uld bc Altered if debris an, bnl,Jant eres - vI bl »e solution keeps 
he slide which contains 50 to 75 ^ fT" ° n . the S,ide - Select an area on 
Cel,s and all the retie ulocvtes in „ b ^ °' 1 lmmersion field. Count all 
?. 1V ® a tota l °f 500 red cells if the o T""' adjacent fieI(3s « s is necessary to 

• tb V° Unt iS ,C ^ t»>an 5 per nt reh T ° V6r 6 * er aent > - W red Tells 
ot 23.6 per cent was obtain^ i„ T Witb this method, a count 

best method previously studied. °° d " ’ ,Ich " ave 17 - 6 P er cent with the 

Using- this technic (Method fM , 

±or twenty-four hours after drawin, '°. m . lloeyte co »uts were made at intervals 
r y aIs ll P to ninety-six hours -,nd ° b °° C ’ and then at twenty-four-hour inter- 
° 0lu ’ surprise, the counts ‘shou-ed'" 1 “*• ^ I,Undred and ^ty-four hours, 
days (Table II), although after d, “° variations during the six 

ue y-six hours the blood was badly henio- 


Taulk ir 



time 


o min. 
30 miu. 

2 hr. 

3 hr. 

2G hr. 



OXALATED blood 

reticulocytes 

PER CEXT 

^TuIT 


10.SO 

S.00 

10.80 

12.20 

10.61 


OXALATE + FLUORIDE 
RETICULOCYTES 
I’ER CENT 


10.20 

S.S5 

10.S0 

12.00 

S.S0 


10.13 
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T.ujlk iv 


m C1: 


0.5 

0.6 

0.6 

0.6 

0.6 

0.6 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.7 

0.8 

0.8 

0.8 

0 .S 

0.8 

0.8 

0.0 

0.0 

0.0 

0.0 

0.0 

0.9 

0.0 

0.9 

0.9 

1.0 

1.0 

1.0 

3.0 

3.0 

3.1 

1.1 

3.1 

1.1 
U 
3.3 
3.3 

3.1 

1.2 

3.2 

3.2 

1.2 
1.2 

3.2 

1.2 
1.3 
1.3 
1.3 

1.3 

3.4 

1.4 



Men 

26,050 
28,320 
30,120 
32,220 
34,620 
36, ISO 
20,800 
33,600 
33,600 
34,720 
35,730 
35,770 
37,100 
37,170 
37,940 
40,250 
32,900 
37,040 
41,120 
43,300 
43,080 
50,800 
38,970 
10,850 
44,730 
45,090 
46,620 
47,610 
49,680 
49,950 

52.200 

50.200 
51,500 

01.900 

52.100 

52.900 
52,140 
54,000 
55,440 

56.100 
08,300 
58,850 
59,070 
61,490 
53,160 
53,880 
60,800 
68,680 
01,560 
62,640 
67,400 
70,200 
" o . s.io 

77,090 

"8,910 

'"0,560 

"0,700 


1.4 

1.5 
1.5 

1.5 

3.5 

1.5 

3.5 

1.6 
1.6 
1.6 
1.6 
1.6 
1.7 
1.7 

1.7 

1.8 
1.8 
1.8 
1.8 
1.8 
1.8 
1.9 
1.9 
1.9 
2.0 
2.0 
2.0 
2.0 
2.1 
2.1 
2.2 
2,2 
2.2 
2.3 
2.3 

O 9 


2.4 

2.4 

2.5 

2.6 
2.6 
2.S 
2.9 
2.9 
2.9 
3.0 

3.0 

3.1 

3.2 

3.3 

3.4 
3.4 
3.8 


A v«ag e i s- 
0.50 

Maximum 


74,020 

05.850 
72,300 
81,450 
81, 900 
82,200 

92.850 
73,700 
82,880 
56,100 

86,560 
87,360 
SO , 920 
93,670 
100,810 
97,200 
08,160 
107,160 
107,040 
108,180 
111,780 
95,190 
102,600 
103,550 
98, 000 
106,200 

107.600 

116.600 
101,580 
106,890 
104,940 
111,100 
111,760 
114,770 
115,230 
123,970 
120,000 
126,720 
110,000 
136,240 
156,520 

137.200 
144,130 
17 5,450 
195,870 

133.200 
184,500 
118,800 

171.200 

165.660 
172,720 
201,620 

211.660 

S 3, 160 
26,050 
211,660 
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Table IV— Coxt’d 


M, medicine 


RETICULOCYTES 
BEii CENT I*Ett C. MAI. 


0.5 

0.5 

o.s 

0.9 

0.9 

0.9 

0.9 

0.9 

0.9 

1.0 

1.0 

1.0 

1.0 

1.1 

1.1 

1.1 

1.1 

1.2 

1.2 

1.2 

1.3 

1.1 

1.4 

1.4 

1.5 
1.5 
1.5 


Women 


RETICULOCYTES 

I'ER CENT PER C. AIM. 


21,400 

22,300 

37,120 

30,450 

41,040 

41,5S0 

42,930 

14,640 

45,090 

40,300 

40,500 

47.000 

49.000 

44.000 
49,390 
49,010 
00,710 
03,100 
50, SS0 
00,120 
51,740 
51,180 
09, SG0 
72,800 
G3.200 
GG.900 
07,950 


1.5 

1.0 

1.6 
1.0 
1.6 
1.6 
l.S 
l.S 
l.s- 
l.S 
1.9 
2.0 
2.1 
2.2 
2.2 

o o 

2.3 

2.5 

2.0 

2.6 

3.3 
3.5 
3.0 

Average 1.57 
-Minimum 0.50 
-Maximum 3.60 


Women 


75,300 
65,280 
72,800 
73,600 
76,000 
S2,240 
71,100 

79.200 
S4,G20 

88.200 
92,950 
91,400 

106,470 

96,360 

100,320 

107.500 
103,960 

121.500 
120,120 
131,300 
150,150 

156. 500 
153,360 


72,S00 
21.400 
156, S00 


l.yzed. This showed that nT .,i <. ^ 

least twenty-four hours n 7 & GC A euoils eould be safely used for at 

tbe term “vital stain” is C us ^ la t this was not a vital stain, if 

on living- cells and in sfV stiactest sense of a stain which acts only 

equal parts of oxalated 1 1* 11 ! CdUSes ce ^ To aid in deciding this point, 

reticulocyte counts were J1U \^ P ei cen ^ sodium cyanide were mixed and 
variations in the reticul ^ luten ’ a ^ s up to three hours. No significant 

found. Another samnl ° C "f 6 C ° Wn ^ s irom those on the untreated blood were 
parts. To one part. ■ r ° ° Xfda ^ e ^ *^°°d was mixed and divided into two 
Per c.c. Retieulocyte^counH. "° nde "’ as a ? ded iu the Proportion of 10 mg. 
both samples with tho 1( . A ' e , le made at intervals for twenty-four hours on 

fixed by methyl or ethyl alcohol ' An- "l-™ 6 IIL Whe “ the recI Cells ^ 
stain. The results of tlies • ±01ma lu » or Aauie, the reticulocytes did not 

can be stained in unfixed ® ®‘ Xpeilineuts support the opinion 4 that the reticulum 
unfixed, but not necessarily living, red cells. 

normal values 

To determine normal values tW fi, . ■ , , , 

cell counts were done on 110 healths improved technic - reticulocyte and red 

with the results shown in Table TV ^tT ““ and 50 W ° me ”’ 

cent and the range from 0 5 to 3 ' ^ ** " U7 

total nnnihpr vnf i x P ei cen t for both men and women. The 

per e.nnn. for men anVS ^ the ^ ° eU C ° lWt averageS S3,16 ° 

0 P ei e - m ni. for women and shows a range of from 
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26,050 to 211,660 ancl from 21,400 to 156, S00, respectively. Studies'' of normal 
hematology of over 200 children of school age show practically the same per- 
centage values for reticulocytes. For clinical purposes, the average normal may 
be regarded as 1.5 per cent with figures below 0.5 or above 4.0 per cent, indicat- 
ing decreased or increased red cell formation, respectively. Observe that these 
figures are significantly higher than those generally given and that reticulo- 
cytes were found in all normal bloods. 


SUMMARY 

A study of the methods for reticulocyte staining in common use showed a 
great number of different tecbnies giving widely variant results. 

A simple teelmic was worked out which gives uniformly good results and 
significantly higher counts than other methods tested. 

Normal values for this method are 1.5 per cent with a range of 0.5 to 4.0 
per cent. Since the percentage values for both sexes at all ages are the same, 
while the absolute counts differ markedly, it would seem better to report 
reticulocyte counts in percentage rather than in absolute numbers. 

Evidence is presented which suggests that the term “vital” should not be 
used when referring to the reticulocyte stain. 
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SMALL ANIMAL METABOLISM CAGE* 


Seward E. Owen, Ph.D.. Hines, III. 


T 1IE ca - e desl - u presented here offers several advantages over the usual small 
animal eage. Among these advantages are (1) low cost per cage the sm- 
given when completed averaging about forty cents each (2) ease of construction 
as no solder is necessary; (3) ease of cleaning; (4) immediate accessibility to the 
animals winch arc visible at all times; (5) feed boxes and water founts which 
umbe changed without openmg or moving the cage; (6) the construction which 

™ Facility. 



,W6 *“* S.EWCXE 

^ (7) tl0 “ ve "“ 

can readily be obtained from the local slows ^ d ‘ mension * Th <*e items 

in di.^^ I- »* ^ ^0 in. high and S in. 

i'cght prevents coprophagy in vitmnin woWc."’ vlinder bot,oms - Tllis 

form an L. These are ^i.iL t LwriuiW tr “ l !i ,, f n,C!, !‘ Cuds wbieh are bcnt to 
The floor of the cage may be wired to thc'wd/ 10 eyl,ndcr as sh °wn in Fig. 2, /. 

U f ° thc " al,s a » at z (Fig. 1), or stiff cross- 



Fig. i. 


cylinder for the botton°T bd ^ Hg "* le n,s, y be placed across the inside of the 
cleaning although somo* .*°-r' St .° n ' TilIS lu(tor procedure may allow of easier 
suggested it u , n ° J( i s i° s t bj’ it. If the floor is made removable as 

floor plate eaall w b T" d " i,h «» ^ip*. Suet strips cap be tvired t. <k 
well as the snap and b ° l0S ”* the bindill ° stri P- Thu cover hinge as 

binge is an overlapped r in„°nf 1 swppor 1 are made from baling wire. The cover 
The food tin,,, i • ° ^ t lc wire Placed as shown. 

These pieces were made S ±10m n,atcna l obtained from discarded tin cans. 

end closed and thc edges’ ofthTon ^ l01 ‘ g by 5 Cm ‘ square with T 

cage at A (Fi<* T> % „ f en eild bared to fit the slots attached to the 

and to attach the ton r™ •*' umillum “vets were used to hold the box rigid 

porcelain or glass 6 5 ^ J ' a ” ° r f °° d ^ ° f 

through the bottom of tlie feed t,m , , a"’' high * By cattili " an ‘ ,pen “f 

animal is n ii m „ 0 s a nnnel and the attached ointment jar top, the 

annual is allowed ready access to the food. Spillage and wastage is thus cut 
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down, and the food jar may easily be removed Cor weighing, cleaning, and Idling. 
If desired, the food tunnel opening can he fitted with tin squares which have 
holes of various sizes according to the rat size. In other experiments not re- 
quiring the accurate checking of food consumption, the slot A holds a plain piece 
of sheet tin and the food jars may be placed inside the cage. F or daily checking 


of food weights, a glass of food or seed jar such as is used on canary cages maj 
be used; this makes a more compact assembly, but these jars do not hold suf- 
ficient food for several days’ feeding. 

The water founts are the usual inverted bottles with L-shapcd glass tubes 
having an opening blown on the upper surface ot the lower limb as sketched at 


II (Fig. 2). 



When using the cages in which separate urine and feces samples w T ere 
desired, six-inch holes were bored in the shelf supporting the cages. 
Seven-and-a-quarter-inch glass funnels were placed in these holes and the cages 
placed over the funnels. Screens made from No. 60 brass strainer net were 
placed in the funnels to collect feces while the urine drained into small tubes or 
flasks placed at the funnel tips on a lower shelf. The funnel tip may be nar- 
rowed to deliver drops and a continuous record of urine secretion obtained bv 
the use of methods suggested by Owen. 1 While we have routinely filtered urines 
before extraction in studies of drug excretion (Owen and Olsen 2 ), this is usually 
not essential unless a dry, finely divided food is used. 
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TUBERCULIN Ointment Patch Test w n in- •& ■ 

aM Pest, Wolff, E. Ain. J. Bis. Child. 47: 7o'-l, 1034. 

aud killed tuberel^bm-illi 5 ^TlV'.'*!' aU ° ,ntmL ' nt _ composed of highly concentrated tuberculin 
eighth and elevonti ti *• * C '* r ° a "Ppbcution is the paravertebral region between the 
The l a “ W V ° rtebrae ' ° r thu ’"-1-1 brachial surface, 

then <rentlv lr‘ > l e ' U,S I i ^ green soap and water, dried gently, bathed with benzene, and 
sufficient ^to r T"’ TJ *° “» plU!atio “ benzene only, as heretofore practiced, L no. 

L ZT! T ,Mm ?- ««.'■ A drop of tl. tuber. uliu 

applied on tl < i!t- t °'! ' IC side, and a similar sized drop of the control ointment is 

adhesive tape 1 1 L ' KaeI ' 01 tIlCSe dro l 1s is covere d with a 2-inch (d cm.) square of 

benzene ln ,l ti ! !" tort d -eight hours. The adhesive tape is removed after soaking with 

ten minutes ft '"T* 1S “ 0Ilt b cleansed with benzene. The reaction may be clearly observed 
ten minutes after the removal of the tape. 

positive test -i ea<d ’°’ ls ex bibit papules, erythema, induration, and pigmentation. A weak 
and pale ros > C " ln ° re tllau twenty) discrete papules from 1 to 3 mm. in diameter 

the normal j.- < 0 ° r ’ medium reaction shows many vividly red papules surrounded by 
sistine in ^ str01 'g reaction shows, in addition, changes of the total test area con- 

in" V f. °" i, Jr °" U l ) '» ,nent!l ti 011 ) indurative formation of plateaus, and marked redden- 
r , a * ° f H |e Papules may even show distinct formation of vesicles. 

to on Ca , re ' lct ‘ 0 “ 3 ’*■ ’ s a dvisable to palpate the area in order to detect the follicles and 

to compare it with the area of the control. 

bv sl "M,r A ;: ,U ^- I1K ' llt,0,lyd - Vdl0 "’ pigmentation of the entire area is easily brought out 
Ti e ’ "' bercas »‘«‘«hin g the control area only blanches it. 

covered win rCae lod ,ltter seventy-two iiours, regardless of whether the test area was 

that tlin r>. .r - 1CS1 ' e * or forty -eight or for seventy-two hours. This shows definitely 
reaction of ^ n 0 * u Jstau|,p s ar0 absorbed by the skin within forty-eight hours and that the 
Tho l"' S I , t0 t,iU •'ibsorbed material continues after the removal of the tape. 

, co or 0 1 le reaction begins to fade within ninety-six hours and is still faintb 
ten rtn • 1J ? -° °“ C " e ° k ‘ Medimn reactions show a definite scaling up to approxi 

.js, am in tie marked reaction, even after two weeks, there may he roughening 

skin, brownish discolorations, infiltration, and scaling of the area. 

n con ra istinction to the intraeutaneous test, there has never, thus far, been a 
a izei systemic reaction such as a rise in temperature, malaise, or focal signs, 
subjective symptoms accompanying the local reactions are mild. In nearly every posi- 
tive case there is some itching over the lest area, with only slight discomfort. In rare cases 
of very marked sensitiveness, slight pain over the test area may occur. 

e ointment is stable and easier to apply, and it causes less psychic disturbance and 
fewer untoward general and focal reactions in the patient than docs the old tuberculin used 
m the intraeutaneous test. 

The agreement between the ointment patch test and the intraeutaneous test with tuber- 
culin in an dilutions as performed on 190 children was 95.S per cent. 

The ointment patch test is generally comparable in results with an intraeutaneous in- 
jection of 0.1 c.c. of old tuberculin, 1:100. 

The ointment patch test produced markedly less nonspecific cutaneous irritation than 
the intraeutaneous test. 


oxiniately 
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TUMOR GROWTH, “Heavy Water" and, Woglom, W. H., and. Weber, L. A. J. A. -M. A. 
102: 12S9, 1931. 

Deuterium, in the amounts tluit it was possible to administer as “heavy water," bad no 
demonstrable effect on the growth of mouse sarcoma or mouse carcinoma. 


TETANUS: Development of Tetanus Antitoxin Toll owing Administration of Tetanus 

Toxoid, Sneatta, P. A. T. .T. A. At. A. 102: 12SS, 19.M. 

Of 29 persons given three doses of tetanus toxoid, significant amounts of antitoxin de- 
veloped in 23, a titer of at least 0.1 unit per eubic centimeter being reached in the majority, 
or 20. 

From five to seven months after the last dose there was, in general, a reduction in the 
antitoxin level, but 27 still showed demonstrable antitoxin; and 25 showed 0.01 unit or more. 

This suggests that active immunization with tetanus toxoid might be adopted advan- 
tageously by certain groups in whom the hazard of tetanus is greater than in the general 
population. 


MENINGITIS, Pneumococcic, Report of Case With Recovery Following Cisternal Drainage, 

Bedell, C. C. J. A. M. A. 102: S20, 1934. 

In a case of pueumococcic meningitis, Group FV, a drainage tube was inserted into the 
cisterna magna as soon as signs of meningeal invasion were observed. The tube remained in 
place for eight days; 200 e.c. of cerebrospinal fluid escaped daily by tills route. Irrigations 
with physiologic solution of sodium chloride were carried out from the cisterna magna to 
the lumbar region. Periodic shrinkage of the brain volume was attempted by intravenous 
injections of hypertonic dextrose. The spinal fluid became secondarily infected with Bacillus 
proteus at the end of six days, producing a marked leucocytic response. There was pro- 
gressive improvement, however, and the patient recovered completely and left the hospital 
at the end of seven weeks. 


GONOCOCCI, Preparation of Correct Picture and Simple Culture Method, Szilvasi, J. 

Dermat. Wchnschr. "Leipzig, 97: 1S11, 1933. 

To obtain the material for microscopic examination Szilvasi lets the patient urinate and 
then inserts a platinum loop into the anterior portion of the urethra and obtains a secretion 
that is readily spread out. After staining according to Gram’s method, a striking picture is 
seen. Between monocytes and isolated threads of mucus, the gonococci are found in peculiar 
arrangements, in the form of coils, of clusters, or of wreaths or caps. The fact that an 
intensely stained zone surrounds the individual gonococcus enhances the peculiarity of the 
picture. 

This method of obtaining the specimen of the urethral secretion is advantageous also 
for the culture of the gonococcus, a procedure which used to be rather difficult when the 
thick pus was used. The secretion is applied to the culture medium not in streaks but in 
dots, and the gonococci are found on the margin of the dots. The facts that in the pus 
the majority of gonococci are either destroyed or impaired and that the phagocytic leucocytes 
contain other microorganisms are probably the reasons why the demonstration and culture 
nre loss successful when thick pus is used than when the secretion is used. 


• j . uis. uniui. ±7: 


•j u u , lua-i. 


ANEMIA, Aplastic, Greenwald, H. M. 

It is now generally conceded that aplastic anemia is a disease mi generis and is not 
a biologic variation of some form of primary or secondary anemia. 

Tim most characteristic pathologic finding is a sulphur yellow appearance nf ,r„. . „ 

marrow instead of the reddish appearance one would expect to find in • ^° CC 

- Lt t0 and in severe anemia. This is 
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due to a replacement of tlio normal marrow by ordinary fat tissue. In the case reported, the 
bono marrow was of a cranberry red appearance. Histologic examination showed, however, 
that the reddish appearance of the bone marrow was due not to active regenerative processes, 
but to hemorrhage. Ilistologie examination revealed a, total absence of nucleated red blood 
cells and myeloid elements. 

The blood picture is, of course, the main point of clinical diagnosis. There is a marked 
decrease in the hemoglobin content, with a diminution in the red blood cells to 1,000,000 
or less; the hemoglobin is reduced to lb or 15 per cent. The color index is ap- 
proximately 1. Nucleated red blood cells are usually absent although occasionally ob- 
servers have found isolated normoblasts. Reticulocytes and polychromatophilic erythro- 
cytes are absent. There is leueoponia with a marked reduction of the neutrophilic leuco- 
cytes and an almost complete absence of eosinophils. There is a relative increase in the 
lymphocytes. The differential count often shows the presence of only from S to 10 per cent 
polymorphonuclear cells while the lymphocytes are frequently found to be 00 per cent or 
over. Thrombocytopenia is constant and is a feature of the disease. The coagulation time 
is normal, but the retraction of the clot is interfered with, and the bleeding time is pro- 
longed. In addition to the absence of normoblasts and megaloblasts, myelocytes, myeloblasts, 
or other forms of embryonic cells are usually absent. The results of the fragility test are 
usually normal; Lucas, however, stated that the fragility of the red eells may be altered, 
owing to the inability of tho bone marrow to produce new red eells. 

The blood serum is water clear. There is no increase in bile pigments. Urobilinurm 
is absent, and there is no increase in the urobilin content of the stool. 

The course of the disease is rapid, and it is usually fatal before four months have 
elapsed. In fact, some observers refuse to regard the case of a patient who lives lon„cr 
than six mouths as a true case of aplastic anemia. 

Up to tho present no therapeutic measure has proved satisfactory in the treatment o 
this disease. Bepeatcd transfusion is generally recommended, hut it is, at best, on v 
palliative measure. 


BLOOD SEDIMENTATION: The Interrelation of Cutler, Linzenmeier and w “ ter ®‘^ 
Tests, Greisheimer, E. M., Treloar, A. E., and Byan, M. Am. J. AT. Sc. 187: 213, • ■ 

Blood sedimentation in 99 men and .102 women, selected without regard to a„ ^ 
health from university students and ambulatory patients, has been studied to esta g 
interrelationships between the Linzenmeier, Cutler, and Westergren methods. The ave ^ 
sedimentation in ono hour for “normal” subjects appears to be reasonably coneor ai ^ 
the three methods despite the wide differences in tube width, anticoagulant concen 


and length of fluid column, although the differences between the means 


for the three methods 


are significant statistically. The average sedimentation at one hour for the women 
proximately double that for the men. 

The concordance between the results by each pair of methods for the individua P‘ 
tients has been subjected to analysis by preparing the correlation tables, r ^ 

lines, for predicting the most likely value to be expected by any one test when ^ 
another is known, proved to be of three distinct types. There is a rectilinear — en 

between the Cutler index and the Linzenmeier index. The regressions between e 
index and Cutler or Linzenmeier index appear to be somewhat like saturation curT f^_ () £ a 
ver, they had to be fitted by a systematic scheme of free-hand graduations for ^ aIll j 
suitable type of mathematical equation. The relationships between the various arc 

Linzenmeier time values may be suitably portrayed by section of hyper o “ s> rest 
provided for these average predictions for each independent variable of clinna ^ 

The dispersals of individual cases about the lines of average relationship^ t£ , cIjn i C s. 
studied in detail, are clearly greater than those ascribable to errors mlieren m 
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The conclusion is clear that sedimentation measures for human Mood are, in part, specific 
for the teelmie employed. 

Standardization of a generally acceptable method for blood sedimentation would prove 
most advantageous for clinical work. 

TUBERCULIN TEST: Value of. the Negative Intracutaneous (Mantoux) Test in Adults, 

Lichtenstein, M. R. Am. Rev. Tuberc. 39: 1954. 

Complete hisensitiveness to tubereuloprotein makes it certain that the patient is 11011 - 
tulicrculous, with the few exceptions given. 

Complete insensitiveness is found in a sufficient number of adults to make the test 
worth while. 

Patients who react only to the strong concentrations of tubereuloprotein, with the same 
exceptions, almost certainly have no active tuberculosis. 

The test quickly excludes as nontuberculous a number of suspects, including some of the 
most difficult cases for diagnosis. 

The intracutaneous test, carried into the stronger concentrations, should l>e a part of 
the diagnostic routine of every physician considering tuberculosis. 


PNEUMONIA, in Newborn and Stillborn Infants, Warwick, M. Am. J. If. Sc. 187: 253, 

1931. 

Pneumonia in newborn infants is a definite entity and should be recognized by ob- 
stetricians, pediatricians, and pathologists. It usually begins in utero or during birth. The 
majority of the victims have physical handicaps; consequently, the pneumonia may be the 
result of lowered resistance. The exciting cause is as yet uncertain but seems to rest between 
bacteria contaminating the amniotic fluid or an irritating amniotic fluid, particularly when 
it contains large amounts of Idle and eornified epithelial cells. Present evidence seems to 
favor the latter. 

The facts favoring bacteria as the cause of pneumonia in the newborn infant are given: 

1. Bacteria are usually the cause of exudation of polymorphonuclear leucocytes and of 
pneumonia. 

2. Bacteria can be demonstrated in some of the pneumonic lungs. 

3. In some, possible sources of infection are found, such as premature rupture of the 
membranes or light respiratory infections in the mother. 

i. Some of the cases of pneumonia occur in groups during the months in which re- 
spiratory infections are the most prevalent. 

5. Amniotic fluid is very frequently found in lungs where there is no evidence of 
pneumonia. 

On the other hand, equally good reasons may be found for the possibility of uninfected 
amniotic fluid being the ctiologic factor and these are also given below: 

1. Chemicals may cause an exudative inflammation and also pneumonia. 

2. A large percentage of cases show no demonstrable bacteria. 

3. Masses of aspirated amniotic fluid are often found surrounded by numerous poly- 
morphonuclear leucocytes in the midst of an atelectatic lung. 

-1. The pneumonia is often associated with atelectasis. 

5. Amniotic fluid may vary markedly in constituents and in irritability. 

(i. Infants with other physical handicaps are often affected. 

7. In some cases no convincing possibility of entrance of bacteria is seen 


Am. J. M. Sc. 187: 235 


TULAREMIA, Treated by a New Specific Antiserum, Eoshay, L. 

193-1. 

- “ rr is :::l -w* - -*-»~ 
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tularemia patients and caused a shortening of the duration of adenopathy, the period of 
disability, and the total duration of disease. One patient, received in dying condition with 
extensive involvement of the lungs, liver, and spleen, was not improved. The antiserum has 
a specific desensitizing action. There is evidence to show that its beneficial effects in man 
are intimately associated with, and perhaps dependent upon, this property. 


ARTHRITIS, Rheumatoid, Blair, J. E., and Hallman, F. A. Arch. Iut. lied. 53: ST, 1934. 

In a series of 57 cultures of synovial fluids and tissues from chronic multiple arthritis 
(55 from rheumatoid arthritis and 2 from Still’s disease), a total of 41 (74.5 per cent) re- 
mained sterile and 14 (25.4 per cent) yielded positive cultures. The microorganisms ob- 
tained in the positive cultures included streptococci, diphtheroid bacilli, gram-positive cocci 
incapable of growth on subculture, and an occasional grain-negative bacillus associated with 
the aforementioned bacteria. 

In a series of 175 cultures of synovial fluids and tissues from a variety of chrome in- 
fectious and noninfeetious conditions of the joint other than rheumatoid arthritis, 142 
(81.1 per cent) were sterile and .'13 (1S.S per cent) were positive. The positive cultures 
included Staphylococcus aureus, indifferent streptococci, gram-positive cocci incapable of 
growth on subculture, and diphtheroid bacilli. 

No direct etiologic significance is attached to any of the organisms obtained in tins 
series. 

It is felt that at the present time no specific bacteriologic agent may be considered to 
have been demonstrated as the etiologic cause of rheumatoid arthritis, particularly in 'ie" 
of the multiplicity of results and the lack of general confirmation of any one report. 


BLOOD, in Normal Pregnancy, Dieckmann, W. J., and Wegner, C. R. Arch. Int. -'led- 5o. 

71, 1934. 

Previously reported values for blood and plasma volumes in pregnancy are at variance 
with each other, and the results are inconclusive because of the different methods used an 
the method of calculation. The volumes are reported either in cubic centimeters per 
gram or in percentage of body weight, either of which is unreliable because of the 
stautly changing weight in pregnancy. 

Determinations of the blood and plasma volumes were made on various groups ^ 
women for the different periods of pregnancy. The cubic centimeters per kilogram ai ^ 
means for the different periods were calculated, and although there is a slight increase 
term, statistical analysis indicates that the changes are of no significance. 

Similar studies in which the same women were followed throughout pregnancy and 
puerperium indicate that the following changes occur: 

1. The blood and plasma volumes begin to increase in the first trimester, and b) 
thirteenth week the gain amounts to 10 per cent and 18 per cent, respectively 

2. At term the average increase in the blood volume is 23 per cent and the pi- » 

. • fj Although tins 

per cent. This change is designated an “oligocythemic hypervolemia. - ° .-isurable 

crease seems large, losses of blood of 700 c.e. or more are at once manifested ^ a{a j 

reductions in volume. The pregnant woman survives losses of blood which wou y 

if she were not pregnant, partly because of the increase in blood volume, but more p. 
because of the tremendous amount of fluid in her tissues. 


3. At eight weeks postpartum there is an average decrease of 10 P® r ^ of 


cent for both 

blood and plasma volumes. This does not quite equal the increase, but, sukc 
patients weigh more after pregnancy, the discrepancy is explained. ro bably 

4. The increase in blood and plasma volumes is not merely to fill vessels u 
a part of the mechanism required to permit proper fetal respiration. 
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PNEUMONIA, Epidemiology of Lobar, Smillio, W. G., and Leeder, T. S. Ain. J. I'ub. 

Health 21: 120, 1931. 

Nasopharyngeal cultures from 264 contacts of 04 cases of lobar pneumonia due to 
Type I and Type II pneumococcus have been studied. The results indicate that 20 per cent 
of the immediate family contacts of these patients harbored the homologous strain in their 
nasopharynges. The hospital contacts of the same patients, bonder, were seldom infected 
(about 2 per eent). These results suggest that it is quite justifiable to treat cases of lobar 
pneumonia due to Type I and Type II pneumococci in the open wards of general hospitals. 

One experiment indicates that a healthy carrier of Type I pneumococcus does not 
transmit this organism to immediate contacts, even though the individuals are living under 
overcrowded conditions. 

The evidence suggests that there is some additional factor other than simple contact 
which determines the transfer of Type I or II pneumococci from a patient with lobar 
pneumonia to contacts. Nineteen of the 25 family contacts of cases of lobar pneumonia 
due to Type I or Type II pneumococci that became homologous carriers were suffering from 
acute colds at the time the cultures were taken. Positive cultures were found as frequently 
on the first day of exposure as after a week. This evidence suggests that family epidemics 
of colds may be a factor which determines the transfer and establishment of Type I and 
Type II pneumococci from the infected to the uninfected. 

Carriers of Type I and Type II pneumococci, when once established, may continue as 
carriers of these strains for a considerable period of time without giving rise to lobar pneu- 
monia in themselves or their contacts and without producing a second group of carriers. 


MILK, Examination of for Members of the Eseherichia-Aerobacter Group, McCrady, M. H., 
and Archambault, J. Am. J. Pub. Health 24: 122, 1934. 


Comparative results obtained from examination of milk samples for Eschericbia-Aero- 
bacter by various methods suggest the following tentative conclusions: 

1. So-eallcd “typical'’ colonies appearing in solid media pour-plates inoculated with 
milk may not be accepted as colonies of Eseherichia-Aerobacter unless a sufficiently thorough 
examination of a large number of colonies from representative samples has proved that they 
may be so accepted. In the hands of the authors, plates poured with neither Endo, bile salt, 
nor eosin methylene blue agar proved reliable for direct enumeration of colon organisms in 
milk samples since the proportion of resulting typical colonies which were confirmed varied 
from zero in some samples to 100 per cent in others. It is quite probable that similar dif- 
ficulties would be encountered in the examination of dairy products other than milk by these 
plate methods. 

2. The production of 10 per cent or more gas in brilliant gxeen bile 2 per cent special 
fermentation tubes inoculated with quantities of raw or pasteurized milk varying from 10 c e. 
to 0,001 c.c. and incubated forty-eight hours at 37° C. provides reasonable assurance of the 
presence of Eseherichia-Aerobacter organisms. This medium appears to be as reliable as 
gentian violet bile for the enumeration of these organisms and is more conveniently em- 
ployed in those laboratories where it is also used for examination of water samples The per- 
centage of such brilliant green bile presumptives which were completely confirmed varied as 
follows: 


Haw milk, 1 c.c. to 0.001 c.c. 99 p ei cent 

Pasteurized milk, 10 c.c. 100 per Cent 

Pasteurized milk, 1 c.c. to 0.001 c.c. S6 per cent 


It vs pointed out that since the organisms in 10 c.e. of properly- pasteurized milk rarelv 
produce gas in tins medium, the production of any amount of gas from the maioritv of such 
samples ot 10 c.e. or less ot a pasteurized milk is usually- indicative of some fau'lt in the 

product.''^ 0t the m!lk ’ ^ - lamination 
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EDITORIAL 


Developments in the Study of Agglutinins 

T 1IE bacteriologist of the future will, without doubt, look back with ein} 
upon the days when dogma was supreme, when bacterial species neie 
immutable, and any variation from the accepted type was dismissed " 1 
complacence as an “involution form.” , 

Indeed, it is quite possible that this attitude may even be eucounteiei^ 
among the bacteriologists of today, confronted as they are with a coutusei 
array of “rough” and “smooth” colonies with II ’s and O’s thrown m o 
good measure ! 

At first regarded as of purely academic interest, later studies have s 10 a 
quite definitely that these bacterial variations have a very definite an^P^ 
haps wide application to the practical problems of bacteriology 
and epidemiology and cannot be disregarded in the utilization of ag c 11 
tion reactions in the study of disease. 
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Among the oldest and perhaps also the most commonly applied agglutination 
test is that devised by Widal for the study of typhoid fever; certainly it is 
perhaps the one most familiar to the practitioner at large and because of the 
fact that large numbers of the general population have now a history of 
antityphoid vaccination as an aftermath of the World War, general concepts 
as to the clinical interpretation of positive Widal reactions have, perforce, 
been the subject of renewed study and modification which it may be of some 
interest to summarize and review. 


The occurrence of agglutinins for the typhoid group, as well as for other 
organisms, in nonvaccinated. supposedly normal individuals lias been studied 
by numerous investigators interested, not only in their occurrence but in the 
explanation of their presence. 

Perhaps the majority of observations in this field support the view that 
the occurrence of such agglutinins is the result of previous exposure to the 
specific infectious agent, either through vaccination or as a result of natural 
clinical or subclinieal infection. 

Havens and Mayfield 1 in a study of 1.136 such individuals encountered 
263 positive reactions or 23 per cent, 14 per cent in a dilution of 1:40; 6 per 
cent in a dilution of 1:80, and 3 per cent in a dilution of 1:160, results com- 
parable to those of other and previous investigators. 

These so-called “normal” agglutinins behaved in the same manner and 
were in all respects indistinguishable from specific antibodies. As in only 
60 of the 263 positive reactors was it possible to obtain any information con- 
cerning any previous attack of clinical typhoid fever or of prior vaccination, 
48 having no such history, it must be assumed that, if these 60 may' be taken 
as a fair sample of the group, only 20 per cent of all positive W'idal reactions 
represent the aftermath of vaccination or clinical typhoid fever. 

Other observers, however, have reported the apparent nonspecific produc- 
tion of typhoid agglutinins. For example, Kilduft'e and Hersohn 2 demon- 
strated the presence of typhoid agglutinins in 29 per cent of 200 serums from 
tuberculous patients, only 33 per cent of those reacting having anv historv of 
previous vaccination or clinical typhoid fever. 


In the interpretation of such reactions various possibilities must be taken 
into account: They may be either nonspecific or heterologous they may 
represent the result of an unrecognized or subclinieal typhoid infection in the 
past and, as such, an expression of the reawakening of a previous specific 
antigenic stimulus, or they may exemplify, as indicated by the observation of 
Gilbert and Coleman. 3 the fact that exposure to certain bacterial types will 
again initiate production of apparently unrelated antibodies such as have 
developed previously in response to an antigenic stimulus of different nature 
W’hile there may be room for discussion as to the nature and mechanism 
of such reactions, there can be no question that they may definitely complicate 
the interpretation of diagnostic agglutination tests. 


In view of the findings above referred to it is. or should be. obvious that 
the trend ot a serves ot agglutination reactions furnishes evident : 
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of ci series of leucoevte comit« it- r 

single determination” Nevertlieless in bTl ^ ™ lne than tlie resuIts of a 
stances, clinical investio-.tm 1 ’ ■ J ,u t le Skater majority of in- 
inferences, and deductions “ d 

agglutination test. 1 upon tlle results of a single 

«» ‘" at st,i<iics “ — ■ 

of the organisms agglntils ^' *" e 
gests that even a single if • * e ' ldeuce is accumulating which sug- 

when interpreted in the li-ht^of ^ ^ ^ £uraiah reliabIe information 
. °i tiies e newer investigations. 

terial specie's S ° C<iUr "* eolonies of a Imre culture of a single bac- 
times t Z 7 S ag ° reCOrtlCC1 ’ bUt U " 01lIy comparatively recent 
* bCen a Pl )rccjate d that these variations are indicative of 

response to aggludninl' "* *"* ^ Variation iu tbe P rodofltion aud the 

WeH and Feli-v" 8 ^ thCS * i,1Vesti « atious llla y be said to be the work of 
bacteria and si f f emomtnt ^ «>e existence of dual antigens in many 

colonies. Z ^ to ^ions in the character of their 

workers Smith • l t>° 0 sei ' atlon ba d been recorded before by the English 

xuitil the work ofW'T” * i*" 11 * Beyor antl ^eagh, it passed almost unnoticed 
; W«l.a»d Felix in 1917 and their later publication in 1924 

reactions ** Plac ' lca lm P°rtance in the interpretation of agglutination 

of n nu t' 0 *> b0 StUd \ °* tbe an °nialous AVeil-Pelix reaction (the agglutination 
Patient S' ^ Pr0t ™ Xl9 * of Proteus organisms by the blood of 
occurred t . * V"" . 10 ' U typhus fever ). these workers recorded first, that there 
tvnps nves" °+ V^r ?/ e °l°nies in the proteus cultures; second, that these two 
clinical e _ c d | ffen “g agglutiuogenic properties, and, finally, that the 
to these differences 0 " ° f aggIutlnation actions was affected by and related 

spoken nf ® a o e Hated proteus bacillus produces a thin, spreading growth 

presented a ' S exlialatlon ” (Hauch) form, while the nonfiagellated variant 

shortened to OaiulH exhalation (0hne Hnueh) ’ terma S °° U 

-p r> c e ^lopmcnts demonstrated that the agglutiuogenic properties of 
se O and TT fmmw °° ® 


tlipqp O 9 ^tt n^ meUtS c ^ emo21 stratecl that tlie agglutiuogenic properties of 
bt l hT H ' 0r ”“ " ere the antigens— -“11 antige.f ’ produced 

hv tleef UUS elUS fla £ e]Jar 111 origin and thermolabile while those produced 
b 5 the 0 forms were then nostabile and of somatic derivotion. 

TllP Onlven/-inn«4. s— i. . 1 .* . m 


OUJilUUv uexi » 

subsequent studies of numerous investigators showed that dual anti- 

! WPPA r\iincipi->4 — i ° , • i 

of the typhoid 


1 O.OCUOO rif numerous investigators showed 
gens were present in many bacteria among them the organisms 
group. e 


of 


ie colony variation in bacteria of this and other groups not being 
it 6 Sa “ e character as those seen in the proteus group, are spoken of as 
smooth” and “rough” abbreviated, for convenience, to “S” and “R-” 
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• i mv clear definition of the exact mean- 

As yet, however, there is 1 lackn D > bacter5al co lomes so that, in the 

mg of “smooth” and “rough _ as *PP ested that they be replaced by 

interests of exact terminology is has been surest 

X:L“S2-» — m - r ^ 

<“ glossy) “>»«• “‘'“"f; ,f;™l,tT”olo»y is of an incgaiar or 

-ore opaque to trans,„i.ted -> present., the ap- 

pearanee of a rough, matt suifaee. • b le differences in their 

Studies of these S and It- forms ^ccs in other 

morphologic or biochemical reactions bu. follows.* 

characteristics which may he summarised ... tabula. 

rough type 

SMOOTH TYPE Agglutinated bv 0.S5 per cent XuCl. 

1. Emulsions stable in O.So per cent iSaCl. i. foms sediment with clear super- 

2. Growth uniformly turbid m broth. - fluj|3 

3. Motile (in the case of flageUated ,, ^ Iotilitv often reduced or absent. 

term). . V \„„lutinated in small compact granules 

4. Agglutinated by specific serum m lar 0 e - °g ng t0 the bott om of the tube, 
flocculent clumps. 

• ,i,p tvne of agglutination secured with S and R 
These differences ... the ~ M „i atio „ t0 diagnostic 

form, are of part.enla. an P rather extensively studied, as a result 

agglutination reactions and ha . 

of which rather definite information is accumulating 

orms slowly, settles slowly, and presents 
0 agglutination is granu a , supernatant fluid with 

flakes of fairly small and uniform size, leaMn 0 1 

a scanty sediment difficult to dislodge. 

, • +• my the contrary, forms vapidly and settles rapidlj, is 

H agglutination, . be i n g j n general large, though varying iii 

flocculent m cliarac ei. - tlie sediment is voluminous 

size, and the supernatant fluid is uonu> 

and eas.il} dls *°^ C ^ obgervations of Weil and Felix 4 the agglutinins pro- 
Accoid . ith peat-killed vaccines are mainly of H type while 

ffiole flrmetlTa result of an actual attack of the disease are mainly of 0 


The practical importance of such a conclusion applied to diagnostic ag- 
glutination reactions has very naturally led to many studies. 

Elderin" and Larkum 8 from a study of 419 tests conducted with both 0 
(alcohol-killed) and II (formalin-killed) antigen suspensions found the assump- 
tion relatively accurate, residual 0 agglutinins being present in quantity only 
-if ter actual infection, although, of course, it must be borne in mind that the 
tvpe of agglutinins following vaccination will naturally be in some measure 
dependent "upon the preponderance of 0 or H antigens in the vaccine used. 

Other observations 7, s are also corroboratory of these conclusions so that, 
while further observations and the study of large series should still be carried 
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on, the formulation of the followm- *■ 

to the diagnosis of enteric fever °ln tdt,ve dlcta see “» justified with regard 

1 . As it Ins , ' , } mea,,S ° f “8»Iutinatiou reactions: 

0 (somatic) ^glndnirair^di^'r^ 1 that 'T " (lhgel,tte > aad 
advisable that ag-dutinaticn tL«7 cases oi W'oid fever it is 

and ° (aicoliol-lcilled) antigen ^ b0t '‘ " (roeaulia .kUlei) 

aiali.dmTsns’pllio.I.s’ b^ul^ frt>, “ J l,d f studies P«*« 1 per cent for- 

2. The titer of , „.n , “T". taWW '» "« 0 «»- 

investigations will in-olj i !> I r-^lT,. "/ J rt '* f “ JIT ls nt ‘lehnite value although further 

*«=. original, v su-,; “ , ' ■ T «“»— 

strongly suggestive "if Hot'll; ™ . 'W liter of 1 =100 or 1:200 as 

however, tinning 5l ,„ “??’■ ^ 

suggest that the titor m • i •' P ei cont °t their nontyplioid cases. 

On the other t, T * ' *°° ^ ^ ™ diag^^tie. 

^ai-d agglutination h, a "S Coleman, and Laviano’ 

should be ouantUaHv^° ni !] f ° IIoAV ‘ s tllilt / l11 ^ia^nostie agglutination tests 
in which •l-r'dut-h f C UUacter and Revised to determine the highest titer 

- ^ hmi "* “ s, “ of 

application*^! 'tl,! llas bee ” said tar applies to the Widal reaction in its 
in principle -is - ,. h . lU ' ° ^'plioicl fever, it is important to emphasize that 
tests or reactions 0 ^ * Jlat ’ bc * d a PPtieation it applies also to all agglutination 

alS0 <0 lceo " niw that the term “enteric fever” must be 
entity Por if m c ' eneiie tcim and as a clinical rather than a bacteriologic 

the Salmonella '"^Tvldtr^I 1 *''? tlU?re *** at lea ' St twelve species witI,in 

''astroentfUM+i'c! ° Plough more commonly associated with acute 

In addition tn\\ 10 1 veu *se capable of producing a continued fever in man. 
tinned fever ' lese J ex P ei 'ience shows that in a possible explanation of con- 
remembeml. hnman b<?hl " boti > "ndulant fever and tularemia must be 

npnsinnr ^ °* piacbc ‘ d importance as concerns the selection of antigen sus- 
whieli " UCb bu serum should be tested, in the determination of 

tvnbmVl aebns IlllLS t be taken into consideration. In addition to the 

r f p and the routine inclusion of abortus suspensions will 

, • nc ° ' '' ue : wbde tlle use of a B. tularcnse suspension may either be 
f U ’ M lele . tllS dlsease is encountered with any frequency or reserved 
rm ■ UG 1 CaS . 6S m " b * cb this disease is regarded as a diagnostic possibility- 
i s same pnncip e applies also to the infrequently encountered B. parat typhosus 
(m he United States, at least), as well as to B. enteritidis and the other 
occasional causes of enteric fever. While it is suggested above that para- 
typhoid A suspensions constitute one of the routine antigens, this infection 
is so infrequently encountered that its inclusion is a matter of choice. 
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Prom a consideration of the available evidence, and the literature on this 
subject is assuming quite respectable proportions, it appeals that: I he de- 
termination of both somatic (O) and flagellar (II) antigens is advisable, and 
that the determinations have their most definite value when they are quantitati'se. 

The question is of interest not only to the laboratory worker by whom 
the determinations are made but as well to the clinician by whom thej aie 
requested and who. in the majority of instances, will be responsible for theii 
interpretation and clinical application. 

The interpretation of agglutination reactions is governed by many factors 
in addition to those already discussed. 

As agglutinins in enteric fever do not reach their maximal titer as a rule 
before the sixteenth to the twenty-first day, although they usually begin to 
appear during the first week, it follows that a negative reaction during the 
first week is of little diagnostic significance. It is not, however, valueless 
because it affords a valuable base line for comparison of any future fluctua- 
tions which may occur. 

While, with repeated tests, 93 per cent of typhoid fever cases show the 
presence of agglutinins at some time during the course of the disease, and 
while, when both 0 and H antigens are used, the absence of a significant rise 
in the titer is exceptional, the incidence of positive reactions on a single test 
is accepted as that laid down by Park and Williams, namely: first week, 20 
per cent; second week, 60 per cent; third week, 80 per cent; fourth week, 90 
per cent. 

In the interpretation of single reactions one must also take into account 
the frequency and concentration of H and 0 agglutinins both in the serum of 
the normal population and in subgroups differentiated by some particular 
experience, such as past epidemics or antityphoid vaccination. This, of course, 
varies in different localities. 

It appears, however, that 0 agglutinins in low titer (1:20 to 1:50) are 
more common than II agglutinins in the normal nonvaccinated population, and 
likewise that T.A.B. vaccination results in a higher titer of H than O ag- 
glutinins. 


In general, therefore, it may be concluded that a reaction of 1:80 with 
an alcohol-treated (O) antigen suspension usually suggests typhoid fever or 
an infection with a closely allied bacterial species, while a similar reaction 
with a formalinized (II) antigen suspension suggests several alternatives: 
that the patient has typhoid fever; that he has had the disease in the past; 
or that lie lias been vaccinated. 

The principles governing the interpretation of agglutination reactions in 
enteric fever have been well summarized by Topley 10 and are here paraphrased: 


1. A negative reaction to all the antigen suspensions used for the test 
may signify, (a) that the patient does not have enteric fever; (b) that the 
specimen has been taken before agglutinins have appeared in the blood • or 
(c) that the enteric fever is of unusual type and caused by an organism’ not 
represented in tlie suspensions employed in the test 
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The first two alternatives are differentiated by a repetition of the test at 
suitable intervals; the third requires further investigation directed especially 
toward detection of the organism by culture. 

A negative reaction in the second or third week of the illness is of definite 
negative diagnostic value and repeated negative reactions render the correct- 
ness of the clinical diagnosis unlikely. 

2. A positive reaction against any suspension must be considered in terms 
of: (a) the distribution of agglutinins among the normal population; (b) the 
stage of the disease at which the test was made; and (c) the history as regards 
vaccination. 

A positive reaction of 1 :40 or over in a nonvaecinated individual is of 
definite significance and probably not an expression of “noraial” agglutinins 

3. As is the ease with many other laboratory procedures, the trend of a 
series of agglutination tests is often of more value than a single reaction, 
especially" in the ease of those who have had antityphoid vaccination, any 
significant rise from the original titer having a decided significance. 
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CLIN ICAL AND EXPERIMENTAL 


GLUTATHIONE CONTENT OF BLOOD IN CHRONIC ARTHRITIS 
AND RHEUMATOID CONDITIONS 


Bex D. Sexturia, M.D.. St. Louis, Mo. 


T HE encouraging therapeutic results obtained with parenterally given col- 
loidal sulphur in cases of chronic nonspecific arthritis and rheumatoid 
conditions 1 prompted this investigation as a first step in the study of sulphur 
metabolism in these diseased states. Since the discovery of glutathione by 
Hopkins in 1920, much work has been centered around this interesting sulphur 
compound which represents a thermostabile oxidation-reduction system, and 
which is assumed to have some important part in the physiologic oxidation- 
reduction processes of the cells. Normal human blood contains from 30 to 
40 mg. of glutathione per 100 c.c. ; it seemed of interest to investigate 
whether or not possible derangements in the sulphur metabolism of our 
patients are expressed in abnormal glutathione values. By the method de- 
scribed below, the amounts of glutathione were determined in the blood of 
28 healthy individuals, of 27 patients with hypertrophic arthritis, of 18 with 
atrophic arthritis, and of 8 with bursitis and periarthritis (fibrositis). At 
the close of this experimental work it was noted that the Arthritis Committee 
of the British Medical Association in a recent report recommended this sub- 
ject. among others, for research in the study of arthritis. 2 

•From the Laboratory of the Jewish Hospital. 

HrcoKrit for publication. November 22, 1333. 
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» J™«0„ H.,rn" ."'“" d ' r "" 1 made the vttloablc 

fraction uf Ci-oth! "■* ' ! “*7™ "* “" ll lmr temperature only n 

7 “ “ 0rf0,i by i,Klim - •» "'in Inborn, or,- it tens found 

tion further <l"' e ° ' i"":'" 11 ' 1 ' 111 ’ 1 " « f PotUMiuin iodide during titra- 

fr., n is 1 T" ' 0,li " f "f ci'gothioi.eine. .so that error 

l i ,'T ^ 0mi ' s "'« li «il>le. The assertion of Wood, card and Frv. 

id • ovi dte " ' “ < “ 1 dc ' m ’ , ‘ i " izl,(i 'educed glutathinne is rap- 

Vo Choi 7 Sliirl " “'«“*)■ » f «■» filtrate no, substantiated. 

: 7 " "'fates «■= alio, red to .tend for 

the deei-e. 1 . ieL ' l0UIS ' ' ' ’ ’ aiter standing till night at room temperature 
observtf; T *. 111 11 UCP(1 frlutatllione was but slightly over 20 per cent. This 
< n ii {trees with that of Benedict and GottschalF who worked with 
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SEX 


P 

F 

P 

F 

F 

P 

P 

P 

P 

P 

P 

P 

F 

ai 

At 

AX 

AX 

AX 

AX 

AX 

P 

AX 

AX 

P 

F 

AX 

AX 
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AGE 


20 

39 


33 

;m 

.is 

2S 

no 

21 

21 

2A 

24 

24 


4 S 

::o 

24 

20 

13 

30 

04 

51 

3.1 


l 'ELL VOLUME 
PER CENT 


Average 


40 

3S 

40 
3!) 

41 
40 
43 
37 

42 
30 

43 

43 
37 
45 

44 

45 
40 
45 
4S 
40 
37 
50 
52 
40 
30 
40 
44 
35 


42.0 


GLUTATHIONE f.V 100 C.C. OF 


WHOLE IILOOD 


CORPUSCLES 


30 

33 

39 
30 
3S 

40 

40 

41 
49 
30 
43 
38 

40 
37 
45 
37 
47 
37 

41 
39 
31 
41 
30 
34 

30 
45 

31 
29 


30.5 


54 
86 
97 
7S 
94 

55 
100 
110 
11S 
100 
100 

S9 

107 

S2 

101 

77 

101 

S4 

SO 

So 

85 

S3 

09 

85 

100 

111 

71 

S2 


91.3 


work *™ S caTAea 0< ou'r S ' 1UV, ' Sei1 by Dr - M,ch “ e » Somosyl under whose sunlance the .analytical 
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blood filtrates of about the same acidity as that of the Folin-W u filtrates. In 
the iodometric titration the excellent Okmla technic” was adopted. 

The analytical procedure, accordingly, has the following course: Protein- 
free blood filtrate is prepared by a slightly modified Kolin-Wu method' in 
1:10 dilution; separate the precipitate without undue delay by centrifugation, 
pour the protein-free fluid through a dry filter paper. Pipette 20 c.c. of the fil- 
trate (which corresponds to 2 c.c. of blood) into an Erlenmeyer flask ( 100-150 
c.c.) and add 1 c.c. of N/l sulphuric acid. (At this stage the sample may be 
allowed to stand until a convenient time for titration.) Before titration, in- 
troduce 0.3 gm. of potassium iodide and 3 drops of 0.5 per cent starch solution 
(Lintner’s soluble starch), cool the mixture in iee water and from a micro- 
burette titrate with 0.0025 X potassium iodate, or biniodate. until the faintest 
perceptible blue color becomes permanent. 


c.c. iodate used x 307 
___ 


— mg. reduced glutathione per 100 c.c. of blood. 


All the reagents employed in this analysis keep indefinitely. One-tenth 
normal potassium biniodate may be prepared as stock solution and 1:40 
dilutions of it made from time to time. The potassium iodide may be added 
in the form of 3 c.e. of a 10 per cent solution but it must not be older titan 
one day. 

The results of our experiments are presented in Tables I to V. 


Table IX 

Reduced Glutathione ix Hypertrophic Arthritis 


NAME 

SEX 

AGE ' 

CELL VOLUME 

PER CENT 

GLUTATHIONE 

WHOLE BLOOD 

A. S. 

M ! 

>2 

47 

46 

P. T. 

F i 

4S 

35 

39 

b.m. 


fio ; 

45 

44 

R.G. 

F i 

58 ! 

36 

36 

s. w. 

F j 

52 ; 

3S 

41 

G. P. 

F 

30 

36 

33 

Y. E. 

F 

54 i 

40 

40 

E. S. 

! F 

50 

44 

41 

S. B. 

1 F 

42 1 

43 

37 

R. S. 

F 

57 

43 

41 

B. W. 

1 F 

41 

36 

25 

A. S. 

, F 

14 

45 

38 

W. F. 

M 

60 

49 

38 

P. K. 

M 

51 

44 

41 

E. I,. 

F 

•ill 

42 

4° 

.1. \V. 

At 

77 

44 

42 

«. f. 

F 

ns 

37 

36 

B. S. 

F 

40 

3S 

34 

E. IX. 

B. 

K. r. 

F 

F 

F 

56 

42 

46 

3S 

42 

42 

! 

40 

I 40 

1 07 

A. Z. 

K. W. 

1). Y. 

.1. B. 

M. S. 

F 

F 

! F 

F 

; M 

57 

6S 

6S 

51 

60 

41 

40 

43 

40 

47 

I — l 

j 33 

42 

40 

f -U 

L. P. 

F 

Average” 

45 

! 4l 

; ~ _ 

1 41 

; 40 

' 59 

3S.1 ~ 
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In Table I are recorded the glutathione determinations in the blood of 
28 healthy individuals of both sexes and of varying ages, for comparison with 
the results obtained on patients which, grouped according to the class of 
disease, are given in Tables II to V. 


Tama: III 

Reduced Glutathione is Atrophic Arthritis 


NAME 

SEX 

AGE 

CELL VOLUME 
PER CENT 

| glutathione in 100 c.c. or 

WHOLE BLOOD 

[ CORPUSCLES 

L.h. 

F 

3S 

32 



M. II. 

F 

34 

40 



B. B. 

F 

32 

37 



-\r. w. 

F 

47 

37 



S. B. 

M 

31 

37 


96 

M. F. 

>1 

f>3 

30 

2G 

86 

M . W. 

F 

43 

42 

35 

S4 

S. II. 

F 

45 

39 

39 

I? 11 w 

J. A. 

F 

50 

37 

40 


R. B. 

F 

40 

35 

35 


N. P. 

F 

29 

37 

35 


S. B. 

F 


3G 

31 

S6 

D. B. 

F 


40 

37 

93 

R. U. 

F 


40 

32 

SI 

R. S. 



44 

32 

74 

R. K. 



o7 

37 

9 S 

R. S. 



43 

38 

ss 

G.M. 



40 

50 

124 

Average 

37.9 

3G.2 

95.7 


Table TV 


Reduced Glutathione in Fibrositis 





CELL VOLUME 

I glutathione in 100 c.c. of 

NAME 

SEX 

AGE 

PER CENT 

WHOLE BLOOD 

CORPUSCLES _ 

M. G. 

F 

50 

40 

«)y i 

SS 

R. G. 

F 

58 

3S 

35 

92 

97 

100 

9 S 

89 

114 

S9 

95.9 ~ 

M. L. 

F 

31 

41 

40 

D. C. 

M 

42 

4G 

46 

A. S. 

F 


38 

37 

M. M. 

11 


43 

38 

A. U. 

F 


30 

41 

A.P. 

11 

Average 

9 

51 

— ■ 

41.7 

46 

39.9 __ 


Table V 

Comparison op Variations and Averages op tiie Reduced Blood Glutathione in - s0R ' 

Individuals and in Cases op Chronic Arthritis and Fibrositis . 


TYPE OP CASES 

NUMBER 

OP 

CASES 

CELL 

VOLUME 
PER CENT 

AVERAGE 

MG. 

PER CENT 
WHOLE 

BLOOD 

average 

MG. IN 
100 C.C. 
OP COR- 
PUSCLES 

AVERAGE 

Normal individuals 

Hypertrophic arthritis 

Atrophic arthritis 

Fibrositis 

28 

27 

IS 

8 

35.2 to 
52.G 

31.5 to 

49.0 

30.0 to 

43. 5 

3G.0 to 
51.4 

42.6 

41.0 

37.9 

41.7 

2S.S to 

49.1 

24.9 to 

46.1 

25.7 to 

49.7 

34.9 to 
40.3 

36.5 

38.1 

3G.2 

39.9 

69 to 
118 

69 to 
123 

74 to 
124.3 

SS to 
114 _ 

9I.o 

93.4 

95.7 

95.9 
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Since the entire glutathione content of blood is confined exclusively 
within the corpuscles, we have expressed the values botli for 100 c.c. of whole 
blood and for 100 c.c. of corpuscles. Influenced by the same consideration, 
Gabbe s calculated the relation between glutathione and red cell count, while 
Woodward and Fry attempted to correlate the glutathione and the hemo- 
globin content. In my opinion, however, none of these forms of expression 
contributed added information beyond the figures given for whole blood. 

The reduced glutathione content of the blood of healthy individuals, 
calculated for whole blood varied in these experiments between 29 and 49 mg. 
per 100 c.c., with an avex-age of 36.5 mg. Woodward and Fry* obtained with 
their own method 34, Benedict and GottschalF with a colorimetric procedure 
found 35 mg. as the average values which are in close agreement with mil's. 


CONCLUSION 

The tables disclose, without need for comment, that the glutathione con- 
tent in the blood of 27 patients with hypertrophic arthritis, of 18 with atrophic 
arthritis, and of 8 with fibrositis, compared with that in the blood of 28 normal 
individuals, shows no appreciable deviations either in regard to the range of 
variations or in the average values. 
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L“ I:' i \""' inwswtoted with the «g,„i s » 

s „„, st Pj'et-Hiia oi mice, nwult ing from inoculations with pueii- 
stndiai in- '1 ” <'"'»> Us occurrence and significance were 

tlie fi.ulin.r L ° UC atum bet "' e< -“" * ! h> severity of the disease in patients and 
from snot? ° r‘° Ut ^'* S cban,etcr 1,1 cultures of pneumocoeei recovered 
all eiilfiii- a • UH '' r JUlL ° and bb)wd cultures. The microscopic observation of 
Or-e-inf- ls Imi)<) ' sid b ' tbe Kicthod of typing employed in our laboratory, 
he foiifh. .T* 'I* f !!. Stili,U “ (l ‘ smear ot th c sputum cannot, without further tests, 
rpi n _ . l ' ? assl i ed <ls P*ieumoeoeei even though they resemble pneuiaoeoeei. 
iimna ion ot their solubility in bile necessitates waiting for the culture. 

when R* i* 01 aiata< i m ' ebab, * n » pneumococci, has been obseiwed since 1893 
ti , > SS<U aiK ‘ b ^ iishhourn- found that pneumocoeei formed chains when 

' 111 homologous specific immune sera. Similar observations 

i ' nace / )n B • Pyoeyuneus by Charrin and Roger (1SS!)) 3 and on B. coli 
and L. prate Hs by Pfaundler.' When B. roll and B. proto,* grew chain wise 
• r- an isms "oie club-formed, convoluted and stained unevenly, some fail- 

hrntl ^ K sblbl ‘ ^ he usual turbidity was present in cultures grown in 

1 1101 'nal st nun, but in the presence of specific immune sera, there 
rni' ‘ l U ' a y turbidlt - v in f he bottom of the tube and the broth was clear, 
na moiphologv and cultural characteristics of the organisms were 
restored by reseeding them in the usual broth. 

study of the i elation of chain formation to virulence of the pneu- 
mococe 1 in mice was undertaken. Pneumococcus Type IV (Cooper) cultures 
coveiec fiom Case 4,613 were passed through mice daily for eight clays, 
ne cubic centimeter of the eighteen-hour culture from the mouse heart’s 
ooc was used. "With each succeeding passage the chains became shorter; 
oil the eighth day there were only occasional short chains of from three to 
five diploeocei. The rest were in pairs. The first mouse lived twenty hours 
and the eighth mouse only seven hours. 

A Type I culture isolated from Case 4,717 was passed through mice nine 
days b efore the chains completely disappeared. The first mouse lived for 
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twenty-six hours, ami the ninth mouse nine hours. A Type IX culture ob- 
tained from Case 1,408 was passed in the same manner for seven days. The 
first mouse lived thirty hours and the seventh died at the end of eleven hours. 

A Type Y culture isolated from Case 50.505 was passed through mice for 
four days. The colonies were “rough” when first isolated and remained so 
after the amuse passages. The culture continued to "row in chains. The 
culture from the heart of the fourth mouse failed to "row. though the mouse 
died. Because of the pressure of work the inoculation with the culture from 
the third mouse was not repeated and the series of inoculations continued. 

A blood culture. Type VI II. isolated from Case 50.912. was streaked on 
agar plates to study tin colonies. The edges wire found to he irregular and 



-•». c. 

Fist. 1.— .1. Pneumococci Growing in chnins. from mouse's heart culture B 
with homologous serum, of pneumococci growing in chains, 


the cents rs depressed. Broth cultures had a puff-ball growth in the bottom 
of the flask with some stringlike growth extending upward to the top of 
the broth. 


A blood culture isolated from Case 21.755 gave rough colonies and the 
broth cultures were very granular. 

Fig. 1 shows the characteristic appearance of the chain formation which 
extends in some instances entirely across the field with occasional separate 
organisms and the typical tangled skeins found in agglutination tests with 
pnemnoeoem m chains. It is noteworthy that the organisms are small with 
lU-ut iinru capsules. 


< .lb uunekv ATIOXS 


Our ex peri f nee seems to show that where m..,:,.,,.; , 

pn si*i\t the eas,, were usually less severe than the average X^Durfn" 
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the period of the study there were 1,152 pneumonias in adults, of whom 49 
presented pneumococci in chains, an incidence of 4 per cent, and 191 pneu- 
monias in children, of whom 7 gave pneumococci in chains, or 3 per cent. 

The occurrence of the chain formation was distributed by type, as in- 
dicated in Table 1. Among 145 cases from which Pneumococcus Type V 
(Cooper), Subtype Ha of Avery, were recovered, 18 strains which grew as 
chains were isolated, or 14 per cent, and among 76 cases of Type VIII 
(Cooper), atypical 111 of Sugg, Gaspari, Fleming and Neill, 3 pneumococci in 
chains were isolated from 6 patients, or 8 per cent. Chain formation did 
not occur among 163 cases of lobar pneumonia due to Pneumococcus Type II. 

The monthly distribution of this cultural appearance during the year is 
shown in Fig. 2. Apparently the number of strains having chain formation 


SEASONAL DISTRIBUTION 



Fig. 2. — The occurrence of pneumococci growing In chains by months. „ ie sum . 
ance of chains was most frequent when the cases were most numerous, ami 
mer time when the milder cases are more frequent. Each square is a case. 

were in proportion to the number of cases, i.e., appeared most frequent^ 
when there were most cases. There were few chain-wise oigamsms 
countered during the summer and fall months when the pneumonias ^ 
generally thought to be milder. The incidence commenced to fall " ieI 
cases -were still numerous and severe in March. 

It is significant that chain-wise formation was found in half the 
before the sixth day of illness. In some of the cases, our initial obsena 

was later than that. ehain- 

Tlie only exception to the usual good prognostic correlation of t ie ^ 
wise appearance were the eases in which involvement with pneuin 
different type, which did not form chains (Case 4,915), or s . tieI ? °^° ses 
vasion (Case 4,808) supervened, and in two of the five bactenenuc c 
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Table I 




I 

II 

III 

IV 
V 

VI 

VII 

viri 

IX 

x 

XI 

XII 

xui 

XIV 

xv 

XVI 

XVII 

xvm 

Xote 


9 

0 

5 

5 

oo 


1 

0 

1 

2 

1 

2 

1 

0 

3 


XIX 

XX 

XXI 

XXII 

XXIII 

XXIV 
XXV 

XXVII 
XXVIII 
XXIX 
XXX 
XXXI 
XXXII 
V and VII 
Xeg. I-XXIII 
Xeg. I-XXXII 

Total 


8 

1 

0 

0 

1 

0 

0 

0 

0 

1 
0 
0 
0 
1 

11 

1 

92 


the frequency of Type V and the absence of Type II. 


It will be seen from tlie summary of diagnoses (Table II) that m only 
a little more than two-thirds of the cases was the lung parenchyma invaded. 
Pour of the 92 patients died, and we shall discuss these deaths in detail later. 

Table II 


Summary of Diagnosis of the Infections of Patients Prom Whom Pneumococci in Chains 

Were Isolated 


DIAGNOSIS 

ADULTS 

CHILDREN 

INFANTS 

TOTAL 

Upper respiratory infections 
Tonsillitis and peritonsillitis 

Sinusitis and pharyngitis 

Grippe 

Bronchitis 

Bronchopneumonia 

Lobar pneumonia with tuberculosis 
Lobar pneumonia 

Pleurisy 

Empyema 

7 

1 

1 

1 

3 

2 

9 

51 

1 

1 

i 

3 

5 

6 

1 

0 

2 

1 

7 

3 

1 

1 

9 

9 

0 

58 

1 

1 

Total cases 




92 


The only cases, however, in which the organisms probably responsible for 
death were found in chains (because there was no change of pneumococcus 
type) are Cases 4,612 and 25,654. In Case 4,612 the organisms were in chains 
in the first blood culture; in the second blood culture the pneumococci grew 
in chains. Subsequent blood cultures were sterile. The patient received 
serum, agglutinins appeared and persisted. The final increase in pulse rate 
may have been associated with a terminal invasion but postmortem cultures 
were not taken. There was very marked dehydration. Case 25,654 had a 
positive blood culture of pneumoeoeei in chains on admission, Sept. 24, 1932. 
Subsequent blood cultures were positive on some days and negative on other 
days. The cultures did not grow in chains in those made after Oct. 5, 1932. 
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T^>z^;rr r - • - 

Only two cases from «■!,; I p,ates "' ere overgrown, 

luted, died among tile 57 t-ises of » ,wi "S 1:1 was iso- 

pur, 'so,, between ,| lc P " e,n " M,a - T ” lll = M gim a sca- 
the lobar “ “ b " r >>“«'«»“ "> «■» group of cases aad 

the same , er “ '' did grow i„ chains for 


TABLE III 


0 Om-Hwxu 1, i“ T c.'iw« X vvD'aY i 1 .vk LM 0N,A Case “ ( '- u:sed uy P^CMucora 
i, w - NS AND l,v I.’-VKI’MOC-OO I Not in Chains 




— 

l .» CHAINS 
| XOXSEKUM 

type 

TOTA 

TY PI 

s PKK 


X 

y. 


CASK 

X 





CEX1 

r. 

5 



__ 


0 

5 

r 

I 

0 

1.0 




III 

3 

2.0 

3 

0 


IV 

if 

5.3 


0 


V 

10 

13.2 

10 

1 

10 

VI 



1* 

1- 


l 


1 1 

0 


VII 

o 

1.7 

O 

0 


VIII 

ti 

7.9 

4 

0 


xir 

1 


> { 

0 


XIII 

o 

10.0 

1 j 

0 


XIV 



j 

1 


t 

XV 

1 


1 f 

0 

i 

1 

XIX 

1 


1 

0 


XXVIII 

1 


1 

0 


XXIX 




1 


“x" 

4 

1.7 

4 

0 


group 
Mixed in- 



1 

! 


fections 

o 


‘Tpe l and 
Type III and 

Total 

51 

4.2 



ADULTS 




PNEUMOCOCCI NOT IN 

CHAINS 

| SEIIUJC 


| XOXSERUAT 

i 

SEBUM 


X 

X 

TOTA 

L 

X 

£ 



k 

X 


3 

CASK 

s 3 

s 

r? 

X 





s 




•2 

X 

< 

— 


.T! 

*** 



£5 


o 

£ 

- 

() 

0 

1 

370 

54 

10 

30 

310 

51 

Hi 





10 

s* 

SO* 

90 

* 37 

* 3S* 




147 

97 

35 

30 

50 

24 

IS 





oo 

20* 

91* 

17 

13 

* 77* 




S9 

01 

10 

10 

28 

6 

21 





7* 

0* 

S5* 

4* 

1 


() 

i 

10 

105 

7.) 

10 

21 

30 

9 

30 

1* 

i* 



2(1* 

9* 

45* 

13* 

I 

53* 




oo 

IS 

4 

OO 

4 

1 2 

50 





4* 

3* 

75* 

1* 

1 1* 





117 

92 

21 

23 

25 

1 O 

S 





10* 

S* 

SO* 

1* 




0 


70 

48 

9 

19 

OO 

3 

H 





10* 


50* 

7* 

O* 

28* 




14 

14 

•i 

21 








5* 

3* 

00* 




i 

0 

1 

IS 

10 

3 

19 

o 

1 

50 








1* 

1* 




1 

0 

(5 

O 

33 








»w 

1* 

50* 







15 

15 

s 

53 








7* 

0* 

SO* 





1 


4 

4 

1 

25 







230 2 

"I' 

1 1 

1 

JO 





Strep, llein. — Baeteriemie — Died 
Strep. Hem. — Baeteriemie — Died 
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The asterisk indicates baeteriemie cases. 


, , S U 3 0 t ie cases of pneumonia shows that admission ratings, in ac- 
coicance with our rating system, were rather high. 6 We have considered a 
rating below 50 as poor, from 50 to 70 fair, and above 70 as good. The 
temperatures were moderate. There was nothing to indicate unusual severity 
m the mode of pulse or respiration. It is noteworthy that none of the patients 
developed delirium and that anoxemia was not a severe feature. Oxygen was 
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Taih.e IV 

A Com iwr.isos or the Moktamty is I'nkcmonia Casks Catsed by I’secmocikxt 
O i ruuitiNo in Chains and »y I’skcmococci Xct is Chains 



•The asterisk indicatf-s bacteriemic canes. 


required infrequently. The illness seemed to be shorter than usual. The 
blood counts were neither high nor extremely low, with the exception of one 
ease (2.188) in which tuberculosis was associated, where the blood count was 
7.000. There were no complications with the exception of otitis media, and 
an empyema which was present on admission. Xo attempt to give a' per- 
centage of the occurrence of the various symptoms is made because too little 
is known concerning the occurrence of such symptoms when pneumonias are 
itiidifd and divided into their separate types. 


FAT.YI. CASES 

The patients who died are worthy of special consideration. There were 
hair deaths in this group of eases. * 

c.\st t.Ul... — A i’m'innore.-cus Type III in drains was recovered fron 

on admission, and inter aggiutinins lor Type in were demonstrable ‘in' hf blood 
Tins patient probably acquired a Type VII pnemiiucuceus infection f„ ° J,i - 

mil, a sc i ere .•neamococcns Typo VI, bacRriemia, u ,,o was p Iac jT 

^~ d -* -is r:: 
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Streptococcus hemolyticus. This case ])rob:il)ly should not ho counted as a death from the 
Pneumococcus Type HI infection from which lie had apparently recovered, having produced 
agglutinins, hut a death from a virulent Type VII pneumococcus and a hemolytic strep- 
tococcus. It may he that a very severe clinical picture associated with a pneumococcus 
growing in chains should suggest that the condition possibly is due to a different organism 
which should he sought by further study. 

Case 4,012. — This patient had a Type V pneumococcus blood culture on admission. 
The organism grew in chains in the initial blood culture. The second blood culture was 
positive but the organisms were not in chains. All subsequent blood cultures were sterile. 
Marked dehydration was present throughout the illness and the patient died on the twelfth 
day of illness. Agglutinins for the invading organism developed and persisted. There were 
no pneumococci in the single sputum examination. 

Case 4, SOS. — Type I. This patient continued to have a- high temperature, and six 
sputum examinations were made. In the sputum streptococci were found, as well as Type I 
pneumococci in chains. Thu results of the sputum examinations were as follows: 

1. Neither pneumococci nor streptococci were recovered. 

2. Streptococci. 

3. No growth in mouse peritoneum. 

4. Pn. Type I in chains. 

3. Pn. Type I in chains. 

G. Streptococcus. 

This patient died on the fourteenth day and Slrtptococcus hemolyticus was recovered fr° nl 
the postmortem heart 's blood. Two previous blood cultures taken on the third and tenth dn)» 
of the illness were sterile. This patient received large amounts of Pneumococcus T)P e 
serum without favorable result. The streptococci were probably of major importance, .m 
account for the death. 

Case 23,654. — Type V. The blood cultures have been described (p. 1159). 'J as 

tained by chest tap on October 11. The patient died in pulmonary edema Oct. 13, °— 

Seventeen of the patients received type specific serum. Seven of these 
were Type I, 7 Type V, 2 Type VIII. and one Type XIII. In other than Type 
I, experience with dosage is too limited to definitely determine the eia ~ 1 ' 
amount required. From analogy witli Type I the amounts which "’ere e ci 
in all but three of the patients appear to be moderate as they were less tha 
50,000 units in eight instances. One hundred thousand units is our usual c os 
for Type I. Case -1,753, admitted on the second day, received 1S5,000 uin^ 
of Type I serum. A gradual fall of temperature occurred on the sexenti ca^ 
There had been a critical fall of pulse on the third day, and of tempeia 
on the fourth day, the former after 25,000 units and the latter aftei oo, ^ 
units. The defervescence did not last and the agglutinins did not P eis | s 
the blood. A small amount of fluid was removed. Empyema did not cexe 


summary 

• "l * 4- c 

1. The phenomenon of chain formation in pneumococci and i 
with “rough" colonies and lowered virulence for mice is described. 

2. Pneumococci growing in chains occurred in 4.2 per cent 
pneumococcus pneumonias, and in 3.4 per cent of the childhood P ueu 
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It occurred in 14 per cent ot’ all Type V pneumococcus pneumonias, in 8 per 
cent of all Type VLII pneumococcus pneumonias and in 5 per cent ot all Type 
XIII eases. 

3. The occurrence of chain-wise growth of pneumococci in severely ill 
patients suggests the possibility that the infection may be due to some other 
organism, either a streptococcus or a pneumococcus of another type. Chain- 
wise appearance occurring in pneumococci recovered from the blood should 
not be a deterrent to tlie use of available specific serum as the appearance of 
chain formation may be due to a partial protection in the blood. This pro- 
tection may become exhausted. 

4. The eases for the most part appear to be less severe than pneumonias 
due to pneumococci which do not form chains. 

The authors record their appreciation of the criticism and suggestions of Dr. William H. 
Park and Georgia Cooper. 
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Lou,s - Y - Katz, M.D.. Chicago, U.u. 

clinical practice themp ; v i,as l,ecome increasingly popular in 

Hents. But the question has arisen ' hi vallle in heI l )in o certain pa- 

deserved. The problem e-m V " 10 ler ds more widespread use is entirely 
» stutistieiU sml* : V* <« * -** 

termining its action "mi H. .. * ° U dl,Hcal impression; and (2) by de- 

ments on a few subjects V/l'f” 5 ' f,UlctJons ot ‘ tll<? bod.v in controlled experi- 
i'.ible benefit in various tvne-' f-'-n" S,ldl d^' 1 ' 111 ' nations estimating the pos- 
the relative merits r* •*. * ° 1 lie '"’ so ' s ‘ Ibis is not the place to enter into 
studies on oxv-en f l,p r ° f tlu * tww ^’P™ «f approach. The recent 

based on the Into- ‘ " hlcl1 the autllor was associated 1 ' -• 3 > •• wer 

this eoininunieation. ine ’ <,IUl t,US ol a PP r °acli will be followed i 

‘but oxygen i s essential for tile life and well- 
affoci,... „ T™ 1 is detrimental to all cells. 

" ,km - n ' ^ ^«y~ 

lo tliem In the Cl, pin,,,.:' . ' dtpradent on Ilie oxygen brou(bt 

supplv to tile tissues * 1 nuuiy diseases ail interference with the oxygen 

anoxia. Al iox TT a 1 . BOnditio,1 known as anoxemia, or more accurately, 
the bodv It 6 •, C , Cd 1/<Hl t0 ° IK ‘ re "‘ on 01 ‘ may be general throughout 

subacute or ch mi '1 ’ ° V ** vm ia degree; it may be acute, 

recognized three r ” In . le? a,M * ** ,uav be one of several varieties. Barcroft' 

C aU0X i a: (]) T1 “* -noxic form in which the oxygen 
the blood reachi » h d “ e *•'! an ““Perfect aeration of the arterial blood so that 
(2) The anemic"? . ** Capl,,anes docs not carry oxygen up to its full capacity, 
oxvo-en but the " **‘ dl tlie art crial blood carries its full capacity of 

hemoglobin is rH °. X ^. c ' en c ‘ u “ ers are decreased in amount either because the 
s : “ “"-""•««»» or is Ranged in character. (3) The 

and i lls- n " 1 f le arterial blood is saturated with oxygen to capacity 

Z-^:T:rr:r, m * «—* b„ t ■» .* 

Van Slvt-p* 1 UC b °,° C P asses through the capillaries. Keeently Peters and 
selves Irn'P n- C ^ C a toiu 't b form, the histotoxic, in which the cells tliem- 

. 1 CU 111 llt dizing the available oxygen. Of course, in many dis- 

' ' r o or more forms of oxygen want may be 'combined. This division of 
" t, 11 1U ^° ^ adoas f° 1- ms and degrees is of more than academic ini- 

,. ane f.’ Kcause ' as "’dl be shown in a moment, a consideration of these 
iactswdl determine the rational application of oxygen therapy. 

Hospital. Heait Station anti Department of Cardiovascular Research. .Michael Reese 
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KAra: « «"** THB,A " 1 
What tan oxygen IteW •>«< « '««“'* 2l-mh ° normally 

----- tr zzzs £ 

present at sea n-\<- > ,. Ar ,,f lir(; the quantity ol o*. c 

oxvgen content in his alveoli, and th ^ ^ physieal solution m the 

the blood. The amount of it combines in a loose chemical tout 

blood is very small; practice > ^ hemoglobin is saturated with oxyg i 

with the hemoglobin. Obvious! ^ therefore, self-evident that when t 

verv little more can be added. ’ histotoxic forms no unproveme 

oxvgen want is of the anemic. carbon monoxide poisoning, oxygen 

front oxygen therapy may he «P^ as ' competitorS for hemoglobin, and mcreas- 
and carbon monoxide can be vt ^ the carbo u monoxide more rapidl. . 

ing the available oxygen wt lue in this condition. 

Oxygen therapy, therefore may arterial blood does not 

Oxygen therapy is pnmardy ^ ^ ^ ^ where it is antici 
contain oxygen up to its i capau - saturated because the demands ot 

pated that the arterial blood w incv ease. This happens especially m 

the tissues for oxygen arejxp e ^d_^ osygen tberap y might be consulere 

postoperative states. In suet 

as a prophylactic measure. con tent of the arterial 

Oxygen therapy may ^^^^ith oW Let us investigate 
blood when the blood is not fully satu ^ arteria i b i ood w itli oxygen 

this point further. Incomplete ^tmati ^ eauge is a sh ort circuit of 

may be due to several categories o air _ con t a inmg alveoli. Some of the 

some of the venous blood which a * itg « ve nous” state. Congenital 
blood returning to the arteries rem ^ ^ ^ lungs may give rise to these 
heart disease, pneumonia, an n t0 tbe air-containing alveoli will 

shunts. It is obvious that adding m ' * ° arterial b \ 0 od since the oxygen 
have little effect on the oxygen con en beea sbor t circuited. It is for 

cannot come in contact with the oo bee n reported in which 

this reason that occasional earn* ^ ^nee in a high oxygen at- 

the arterial unsaturation is not changed oy 

mosphere. 4 ’ ’ . , „„ cn t ura tion oxvgen therapy may be ex- 

In the other types of ar o£ the arte rial blood. In the type of 

pected to increase the oxygen 1 ^ q£ tbr(mgU tUe lung capillaries, 

anoxia due to an excels n y P ^ disseminated pulmonary embolism, 
such as may occur m hyperthyroi ^ ^ ^ acce i erate tbe rate at 

pneumonia and severe e “ rc ^ ^ so compensate for the rapidity of the 
which oxygen can enter th shallow breathing, oxygen 

Mood flow. In the ^ Jvicious cycle of shallow breath- 

therapy, best combined with CO ^ Iu ^ of anoxia due to the 

t\\p OXV26U want ltSGlt ^cd »*•»/* n _ 

nrcs nee O exce^ve fluid in the lung alveolar walls and spaces which follows 
uSvc conation, inflammation, infarction and the irritant effect of war gases 
and foreign bodies in the lung, oxygen therapy enhances the force uhich 
drives oxvgen into the blood, and therefore, tends to overcome the increased 
resistance offered to the passage of oxygen. In the type of anoxia due to 
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• i ^ pvtcrn&l 

Pig-. 1. — A diagrammatic representation of the processes of internal an ‘J f . t ~; vveeI1 therapy- 
in various types of oxygen want, which shows the mechanism of action OI ' j s 

, _ nt the left, the ow*' . 


tion in various types of oxygen want, which shows the mechanism oi auw T* ""the oxygen is 
In the first diagram is shown the condition normally existing; at the let , . /external 
being poured into the blood stream, represented by little boats from the lung re . These 
respiration). These boats, as shown by the shaded areas, are filled amiost m . . poure d out 
boats move to the right (transportation). At the right, the oxygen “rously (internal 

from the blood into the tissue cells which keep the "flame of life burning linft as occurs 

respiration). Increasing the level of oxygen in the lung reservoir to tne uo u ]oade d. 
in oxygen therapy, has little effect on the oxygen content of the boats alreany T|ie on iy 

In the second diagram is shown tlie condition in histotoxic ce lls cannot 

difference between this condition and the normal lies in the fact that tne f the funnel 

utilize their oxygen so readily. This is indicated by a co^; ct ‘° a ‘ n 1 “' s e vigorously, or may 
leading to the "lamp." As a consequence the "flame of life hums t £ erapy , can ha>e 

even snuff out Raising the oxygen level in the lung- reservoir ^by Mffen tne 
little effect in this condition since the boats are already almost tun. 
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. flocrcTse in lung expansibility, oxygen therapy 
obstruction of the air passages 01 ^ ‘ n ot - the alveoli, 

will tend to compensate for the poor * index of a low oxygen content in 

Cyanosis has been used by climc “" s L un ds-aard and Van Slyke* in par- 
the arterial blood. The recent .ot ^ c anosis is a color change 

tieular has shown that this is an un 0 j n0 noxygen carrying (reduced) 

due to the presence of a defim e cp < Tl * e reduced hemoglobin in 

hemoglobin in the capillaries *“ e ® v ^ ra „ e ' o£ tUa t in the arterial and venous 
the capillary blood is rough , ° , „- 1 sb either locally or throughout 

blood of the region. If the circulation ^ ter remo val of oxygen 

the body because of heart deduced hemoglobin in the capillary blood 

by the tissues will ,nc ^“^ n the Educed hemoglobin of the capillaries 
above normal. If, foi this tea. . Cvano8 is, therefore, will appear 

exceeds 5 gm. per cent, cj >ano. ^ and less readily than 

more readily than normal « P \ ^ than normal when the sub- 
normal in the anemic It ^ well known among clinicians that 

cutaneous capillaries are en J- ^ anmia or loea i pallor is more sig- 
the ashen-gray color a^ociatedw tl ^ ^ ly< ,^ hemic indiv idual. It will 
xnficant than the slig v O • • - does not necessarily mean anoxia 

5rJ5 further evidence cannot be tahen as 

" Cri Sent £ rbs^atTon1 S-fshmvnThat oxygen therapy has certain side ac- 
tions which may be of value, namely, it tends to slow the rate of respiration 
and the minute Volume of air breathed. Accompanying this there is an increase 
in the alkali reserve and carbon dioxide content of the blood. There is a tend- 
ency for the heart to slow (except in auricular fibrillation), and there is a d«* m 
temperature of from % to 1° C. in patients with pneumonia according to Booth- 
hy« The effects on respiration and the heart have been shown i to occur not only 
in patients with oxygen want but in normal subjects as well-*- The manner m 

In the j th ‘f d l5 on B ^ e i t\ow 0 ^v t ement n ott i bl"od^s l rfpresente^ 6 by 3 a 8 reduced t number of 
a sluggish circulation. The lissue celis j s decreased, hence their oxygen supply falls 

boats. The delivery of “ in j n t ens ity. Raising the oxygen level in the lung 

??ser?ffr by oxygen ttcrcpy can have little effect in this condition since the boats are already 

almost full. , renresents the condition when the oxygen want is due to anemia. 

Th ^ fourth di /*f r ' L I n t r represents the reduced capacity of the blood for carrying- oxygen. 
The small 3 t lze , of ^)V^ n bo r |l ch i n p i the tissue cells will, therefore, be decreased and the flame 
XlU a's-iivr t dwtnme. S ^ r Ra?sin*B n the*|V ( Xysvn lcve^in the lung reservoir will not remedy the 

condition since ^presents’ 1 the condition when the oxygen want is due to carbon- 

The The reduced capacity of the blood for carrying oxygen, due to the for- 

monoxlde poisoning. The hcrnoKlo bj n la represented by the "stones" in the boats. Again 
matton ot carbon-monoxide oxygen therapy, which raises the oxygen level in the lung 

rclei-rcm is of'liUle 1 avafl except so flr as it can displace carbon monoxide and dislodge some 

° f '''VhVVVoVVkVram represents the condition when the oxygen want is due to a decreased 
The sixth diagram reprcs u^ amrics brought about by an admixture ot “venous” 

oxygen £°" t '; n '; ( . °V th ho . n, never pass by the lung reservoir, so that some of them are not 
blood ^me ot the boats never ^pass^i crfIg . The oxyBtn dd Wery to the tissue cells is. 

)hi ly .firo I )iecrla^ed h and the "flame of life" dwindles. Raising the level of oxygen in the 
lung'rcservolr win* not remedy the condition because some of the partially empty boats are 
dumted and never reach the lung reservoir. 

rhl . t..„, ,11 'l cram shows the condition when the oxygen want is also due to a decreased 
oxv-cen content oFthe blood in the arteries. In this case, however, the incomplete filling 
nf'the hoats is caused by an Interference with the exchange of oxygen in the lungs. This 
w represented by a constriction at the mouth of the lung reservoir. The delivery- of oxygen 
Ir. the tissue cells Is reduced because ot the small loads carried by the boats and the "flame 
of life" dwindles. Obviously, increasing the level of oxygen in the lung reservoir by oxygen 
therapy will tend to overcome the constriction and fill the boats more completely. This is 
the condition in which oxygen therapy has possibilities of usefulness as discussed in the text. 
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M'hicli these side actions are produced is still unsolved Whethe - f • 
environmental t'aetor in the oxygen chamber or a J p et I , “ ” 

ox ygen content of* fho •iivnni; , • . lcnex * set ll P by the increased 

“ * Art, 

tors. The slowed heart he-it* ," Jn ° of the heart are beneficial fac- 

patient is deeremeil vh au<1 «'» load ot trait on the 

r 1 zz t b ni'TF"’ “ “t 

it should be emnloved t d ” al3s * is ’ lfc 5S cIcar tliat if oxygen therapy is to be used, 
of arterial * ™ ' l! ° “««™> "VS™ eat., ration of these tans 

be accomplished n 1)lev,ous observations have shown that this can 

bilitv that the x -' “ en f ie i*apy should be used where there is the possi- 

C ° ntributes t0 the illa ess of the patient and 
Therefore oxvi h eXBt8 . that benefit follow relief of the oxygen want, 
oxyren W ant th /J 1 . 01 ls * nost valuable in the acute and severe forms of 
bodily adnrUiH ° U ' ,!f, C ° eter * wlus results of oxygen want rapidly outdistance 
and mild fm-' T' 1<?1 ' e 1S 1<? ‘ ss reason to ll - se oxygen therapy in the chronic 
pensited ° 0X ^^ en " aut "’bore bodily adaptations have apparently com- 

ahould be a * “* a "°* ,u * In other words, oxygen therapy when used at all 
anoxia w) * • e ” lpoiai * v "leasure to alleviate acute, severe, generalized anoxic 
benefit ei e 1 JS i 10 light that restoring the arterial oxygen saturation will 
in no C Pa ient a,u e beek a downward clinical course. Oxygen therapy 

follows ^ a,C S ^ ulu ^ er ^ving disease but only on the syndrome which 
of tli« Til U0 . X . ia ' 1 should not be substituted for the ordinary armamentarium 
When .^ Sleian ut o employed as an adjunct to the other forms of treatment, 
tainorl ° nen ’ Ox 3 o e n therapy should be continuous until the desired effect is ob- 
, anc s iou c be maintained until the indications for its use no longer exist, 
rli+i'r, ., 11S asis > oxygen therapy is especially valuable in postoperative con- 
• ■ '' 1G1 ^ la P‘ ( i shallow breathing is present or where pneumonia seems 

■ , 01 las . eloped. It is, of course, valuable in other forms of pneu- 

• t a ’ u uo ^ 111 a P cases. In cardiac patients it is valuable when there is 
mih» nCe ° T' 01 G P ass * ve congestion of the lungs and particularly in acute 
, ^ eC ema - -ft can be of little use when these are absent, and only the 

o n oi m of oxygen want exists. There is no evidence that it can benefit 

0 ma pectous oi long-standing cardiac edema unless these conditions are 
accompanied bv spvpvo i . 


cardiac edema unless these conditions 

accompanied by severe pulmonary edema or stasis, except for the psychic 

r,- G 16 P a ti en t which any elaborate therapeutic procedure ean produce, 
oinee it has no effVu rm ,i:„ m 


. 1 _ "uilu an y eiaoorate therapeutic procedure ean proa 

bince it has no effect on the disease itself, oxygen therapy may fail even when 
tlie indications for its use are optimal and where relief of arterial oxygen un- 
saturation is attained. 

The definite important place which oxy-gen therapy has in clinical prs 
tice will doubtless expand with further careful studies. 


ac- 
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THE DIETARY TREATMENT OF UNDERNUTRITION 3 


II. Effect of the Gain in Weight on Carbohydrate Tolerance 


Marshall S. Brown, Jr., M.D., and Elaine P. Ralli, M.D., New York, N. Y. 

r T , HE use of insulin to increase the weight of individuals who are under- 
weight, seems to us unnecessary, except for the occasional patient who 
lacks the appetite to eat a high calorie diet. In the first paper of this series 1 
we showed that on a high calorie diet the gain in weight over a period of six 
weeks was as great as the gains reported with the use of insulin. 2 ’ 3 except 
for one case reported by Nahum and Himwich. 4 There are certain disad- 
vantages to the use of insulin. Aside from the inconvenience there is the 
possibility of hypoglycemia. Another effect, reported by Paul, Clark, and 
Gibson 5 is that following the withdrawal of insulin in nondiabetie patients, 
there occurred both hyperglycemia and glycosuria. This was observed in all 
six of their patients. On three of the patients glucose tolerance curves were 
done and showed a definitely diminished tolerance for carbohydrate. In one 
patient, followed for eight days after the discontinuance of insulin, the toler- 
ance had still not returned to normal. 

We are reporting the effect of a high calorie diet, which was accompanied 
by a definite gain of weight, on the carbohydrate tolerance of the six indi- 
viduals observed. The subjects were third-year medical students. The diet 
contained approximately 430 gm. of carbohydrate, 175 gm. of protein, and 
240 gm. of fat. The total calories ingested averaged about 4,500, although 
as high as 5,500 was taken for the last week by Cases 7 and 8. The carbohy- 
drate tolerance was measured by glucose tolerance curves. These were done 
the morning before the diet was begun and the morning after the dietary 
period was finished. In each case 100 gm. of glucose was given by mouth 
During the period of the diet the students continued at their work and 
in no w ay curtailed their ordinary activities. The patients in Cases 7, S, 9 

.. “From the Department of Medicine, University and Rtllrvei. , ,, 

New \ork University. * uenevu; Hospital Medical College, 
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and 10 had always been underweight, 
lost weight during the preceding year, 
respects. 


The patients in Cases 11 and 12 had 
The subjects were normal in all other 


• i o 






are sindl! th ° weekly gahl in "’ ei - !lt in tdie 6 patients. The results 

are s nulai to those observed in the first group of patients.- The greatest 

“ ' ei f ht aI ;; ays 0ccurred in fl ‘e week. The patients in Cases 11 and 
y e a vmg their final examinations during the last three weeks of the 
diet and did not eat the entire diet at this time. This is reflected in their 
weight charts. 


Table I 

Pounds Gained Weekly on Diet 




case 

| W EEKS — POUNDS GAINED 

TOTAL 

WEEKS 

J. 


3 

4 

5 

16 17 

7 

8 

9 

10 

11 

12 

5.0 

4.0 
4.75 
5.5 

7.0 

5.5 

3.0 
3.75 
2.5 
8.25 

2.0 

0.0 

3.5 

3.0 

1.5 
3.75 

5.0 

4.0 

3.5 

3.25 

1.5 

2.25 
0.0 

1.5 

3.0 

2.5 

2.0 

2.5 

1.0 

1.5 

r 2.5 

j 1.75 

0 

0 

2.5 

20.5 

15.25 

17.25 
17.25 
15.0 

12.5 

6 

6 

7 

5 

6 

6 


5.3 

2.41 

3.46 

2.0 | 2.0 | 

1.33 


16.8 



Table II 


Glucose Tolerance Curves 


CASE 

before diet 

BLOOD SUGAR MG. 

POUNDS 

WT. 

GAINED 

AFTER DIET 

BLOOD SUGAR MG. 

FAST 

* HR. 

1 HR. 

2 iir. 

3 HR. 

FAST 

4 hr. 

1 HR. 

2 hr. 

3 HR. 

7 

S 

9 

10 

11 

12 

93 

101 

S7 

SO 

71 

76 

13S 

114 

152 

133 

S6 

117 

132 

118 

154 

105 

125 

166 

102 

95 

116 

76 

105 

125 

93 

70 

78 

69 

SO 

95 

20.5 

15.25 

17.25 
17.25 

15.0 

12.5 

S3 

S9 

76 

SO 

101 

75 

102 

160 

105 

117 

121 

81 

Ill 

133 

133 

129 

104 

103 

106 

100 

117 

105 

72 | 

S4 

73 

SI 

72 


Table II shows the glucose tolerance curves on these subjects before and 
after the dietary period. These are all lvithin normal limits. The average of 
the group is shown graphically in Chart 1. The second curve should be com- 
pared with the curve reported by Paul, Clark and Gibson 5 following the dis- 
continuance of insulin. Individually the curves show that the height of the 
liypeiglj cemia after the dietary period w r as less in Cases 7, 9, 10, and 12, 
practically unchanged in 11. In the patient in Case 8 at the 1-, and 2-hour 
periods the hyperglycemia w'as greater than before the diet, although always 
within normal limits. 

The students were weighed twice daily, before breakfast and after sup- 
per. Of the weight gained during the day, an average of 4 pounds was lost 
overnight. The true weight was that taken before breakfast. The constancy 
of this difference is shown graphically in Chart 2, which records the daily 
weights on Case 7. This is typical of the other five cases. 
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The ability of an individual to gain weight depends on his taking in 
more energy than he puts out. That this can be accomplished by means of a 
high calorie diet is shown in this group of subjects and in the group previously 



Chart 1. 



Chart 2. 


reported. 1 The chief effect of insulin in undernutrition is its ihiKt + 

“ t„a° r. 0,il0 - T1 “ U ~ £ » «»e patient to eat a late 

of food. Ike gam tve.ght ,* due to the increased calorie iutok". Tf ,T 
pat, out does eat, iusulin trill not increase tlte weight. We had m 
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treatment in the hospital a patient twenty-three years of age to whom insulin 
was given 3 times daily before meals, ten units before breakfast, 15 before 
lunch, and 15 before supper. The patient had hypoglycemic reactions almost 
daily, but an increased appetite was not experienced. She refused to, eat the 
entire diet and during a period of three weeks gained exactly 4- pounds. 


New Yokk University 

University and Bellevue Hospital Medical College, Department op Medicine 


HIGH CALORIE DIET 


BREAKFAST 

CHO. 

FRO. 

FAT 

1 glass orange juice with 2 tsps. sugar 

34 

o 

0 

2 glasses milk with 2 tsps. lactose 

29 

20 

16 

1 oz. cereal with 2 tsps. sugar 

33 

3 

0 

100 gm. 20 per cent cream 

•) 

0 

20 

2 sliees toast 

30 

6 

0 

1 oz. butter 

0 

0 

25 

2 eggs 

0 

12 

12 

2 tbs. jam or jelly 

25 

0 

0 


NOON 


5 

oz. meat 

0 

30 

30 

5 

oz. potato 

30 

3 

0 

o 

fresh vegs. 

12 

O 

0. 

0 

glasses milk with 2 tsps. lactose 

29 

20 

10 

0 

0 

slices toast 

30 

0 

1 

oz. butter (or 2 tbs. mayonnaise) 

0 

0 

25 

100 

gm. dessert with 2 tbs. cream whipped 

20 

7 

10 


NIGHT 

1 glass tomato .juice 
5 oz. meat 

5 07 . potato 

2 fresh vegs. 

1 glass milk 
1 slice toast 
1 oz. butter 

1 baked apple with 2 tsps. sugar 
100 gm. (20 per eeut) cream 

NIGIIT FEEDING 

1 glass milk 

2 Uneeda biscuits 

Calorie value 4,574 


5 

0 

30 

12 

12 

IS 

0 


1 

30 

3 

o 

10 

3 

0 

3 

o 


0 

30 

0 

0 

S 

0 

25 

0 

20 



When one considers that ail impaired tolerance for carbohydrate nia} 
follow the use of insulin in nondiabetic individuals, and since a satisfactou 
gain of weight will follow the ingestion of a high calorie diet, it seems 
that the indiscriminate use of insulin in undernutrition is inadvisable. 
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GAUGING TIIE DOSE OF INSULIN 


B. 


Y. Glassbeko, M.D., St. Lons, Mo. 


,F„„ o. JXelatolic *,*« ./ .*• «• ““ 

.S't-riict' o/ l/«c JciriJ. -S'- 

OINCE its introduction in 1922, insulin, one of the few specifics in medicine, 

S L? f la wide accepts. Ku.iKc *tor speaks 

the arseuieals, etc.), there is no npproKimatety -statutard dose 

Necessarily the insulin requirement vanes with the mdm lua patient, de 

pendin'' upon the indeterminate insulin secretion witlun lus own bodj and 

p , , D 1 . . , , - Hitherto achievement of adequate insulin 

the glucose equivalent ot his diet. Uitneito aunnc * . , , 

dosage has been a tedious process. One of the standard u ages defines that 

the patient be placed upon an almost starvation diet until the urine 

free, that the food intake be gradually increased, and finally that he be c i e 

a number of units of insulin equal to one-half the amount of glucose, measured 

in grams, in the twenty-four-hour urine. As the diet is further increased 

insulin is further readjusted depending upon the urinary glucose content. 

If the patient be in diabetic coma, a standard plan calls for the admimstiat o 

of a definite number of units of insulin, usually between -0 and 40. each hour 

until the urine is sugar-free. 

At best the methods are cumbersome. They fail to take into sufficient 
account the varying renal threshold for glucose. 1 Not infrequently the pa- 
tient shows no glycosuria although the blood sugar is well above 250 mg. 
per cent. On the other hand an insulin reaction may be precipitated bj failure 
to consider residual sugar in the bladder urine; or bj failure to remembei 
that glvcosuria usually continues below the glvcemic level at which it began. 

The ideal treatment of diabetes is that which insures a twenty-four-hour 
blood sugar curve analogous to that found in the nondiabetic. In addition 
to restoring the disturbed osmotic balance of the blood upset by the increase 
in blood sugar, maintenance of a normal blood sugar curve theoretically 
jusures complete utilization of all available carbohv diate. It is common 
knowledge that the continuously aglycosuric diabetic with a normal blood 
sugar level develops a spontaneous increase in tolerance not shown by the 
intermitt entlv glvcosuric diabetic. Since bodilv resistance is at least as great 
in the adequately controlled diabetic as in the nondiabetic, intercurrent in- 
fection and subsequent debility are rare. 

With these considerations in mind I have found the following empiric 
method of gauging the insulin requirement of individual patients useful. It 
must be mentioned that the method has no logical basis in fact, unless it be 
that clinical experience has amply confirmed its complete safety and relative 
value. It is assumed that all of the glucose present in the body is equally- 
distributed in all the tissues (regardless of the possible actuality) ; if the 
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blood of a 70 kg. patient contains 500 ing. per cent glucose (0.5 gm. per 
100 c.c.), then the total glucose in the entire body may be assumed to be 
represented by the formula 

70,000 (gm. body weight) x 0.5 

Too 300 


Since the normal blood glucose (and bod}' tissue glucose?) is roughly 100 
mg. per cent (0.1 gm.), modification of the formula enables determination of 
the glucose present as excess: 

70,000 x 0.5-0.1 


100 


= 2S0 gm. representing the amount of glucose which 


must be either burned, excreted, or synthesized into glycogen to restore a 
normal blood sugar level ! A number of units of insulin equal to one-half 
the excess glucose in grams is assumed to be required to utilize the excess 
glucose; as a safety measure only four-fifths the estimated dose is given. 

Hence in the hypothetical case here cited, 112 units x ~5 — ) * nsu ^’ 

may be given the patient. 

The formula may be simplified for routine use as follows: 


Body_weigli£ in pounds _ the mimbM o£ units of iusulin to be given 
u 

for each 100 mg. per cent the blood sugar is above the normal glycemic le'd 
(100 mg. per cent). Applying this formula to the 154-pound (70 kg.) patient 

with a blood sugar of 500 mg. per cent, it is evident that 104 units x ^ ) 

of insulin will be required. As a matter of actual fact it has been my usual 
experience that such an amount of insulin will reduce the blood sugar on 
four-fifths (the safety factor) of the expected reduction; however, sue a 
procedure enables avoidance of an insulin reaction. It has been fount J 
experience as well as by unpublished studies that this change may usua ) 
be expected to take place within from two to four hours. 


EXAMPLES 

Case 1. — L. II., female, aged fifty, weight 164 pounds. Blood sugar at time °f ^ 
.jection of 70 units of insulin: 300 mg. per cent. Calculated blood sugar reduction . 

200 mg. per cent. Blood sugar two hours after insulin injection : 100 mg. per cent, 
blood sugar reduction: 200 mg. per cent. 

Case 2. — F. E., female, aged fifty, weight 176 pounds. Blood sugar at time of in .) 
tion of 120 units of insulin: 471 mg. per cent. Calculated reduction: about 300 
cent. Blood sugar two hours after insulin injection: 131 mg. per cent. Actual re 
340 mg. per cent. 

Case 3. — J. D., male, aged thirteen, weight 108 pounds. Blood sugar at time of 11 r 
tion of 120 units of insulin: 1,000 mg. per cent. Blood sugar two hours later: o50 > mg. ^ 
cent. An additional 80 units of insulin was given. Calculated total reduction, a ou 
mg. per cent. Blood sugar two hours after second insulin injection: 133 mg- P“ , nter . 
Actual reduction: 867 mg. per cent. Some hours later the patient had be morn . 

vals, two small doses of adrenalin for the relief of clinical insulin shock, me ^ The 

ing,' sixteen hours after the last blood analysis, the blood sugar was 200 mg. per 
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OWSSBEKO: OABOISO THE »<® Of lXSUUN ^ 

- P .«‘ if s rs “ »“5HSnH 

:';rr=r;^ e « 

In =,„» paltot ; in ten «“»* ™ *" u» normal 

on from 7H »S- f L‘,”« Wood «.»» » «” 300 ,,,l! ' "" 

daps’, during tbo first ton __ ^ 

pounds. Given oO units n0 nprotei» nitrogen. 119 ® p u tient was given 

injection: 1,100 mg. per e«t, sugar report W as obtained, tUo pa ^ „ 

bronchopneumonia. As soon as tot al reduction: about 8 g 

» .Jh-a » »»“» ° f dotorniinatiuB autil M 

- -r - ss ~ - *» - r;ri: — . 

SfSTii^s i U - <* *•—»«— 

revealed an extensive nephrotic p 

noted at entry to the hospital. - bed abo ve (last formula) 

c»m.»»lr The body weight *«-«» ^ , instead of the 200 actually 
would have called for 160 units o 1 . £ l50 _ Hence, it is felt that the 

given, «. in Cate * for MO lla is sufficiently great to perunt 

margin of safety allow ed y ... r Ho generalized urticarial erup 

its employment by the genera ^ observe d after the administra- 
tion or other anaphylactic m ^ Several years ago the former usually 

tion of these large amoun s • muc \i as 100 units of insulin, 
followed the administration o as for ^ appea rauce of symptoms 

Note: Patients are caret y caim ot be given by mouth adren- 

of insulin shock; if glucose or ovva J devmically may be depended upon 
alin hydrochloride (4 to 1 * waitin „ f or the report of blood sugar 

to relieve such symptoms wi b the intravenous or intracardiac 

analysis. If necessary it may be 

injection of 50 per cent S ucose toperat ive diabetic the blood sugar is 

Note: In management ot 1 g return from tbe ope rating room; 
determined two hours after b ‘ * ed as above and further modified as food 
the insulin requiremen i W(J bave successfully carried one patient 

is allowed. By the use o diabetes through an immediate laparotomy 

with a previously uncontio Neither acidosis nor insulin reactions 

“ ssssmz*" - >— ■>— >tas — ' 

at any time. Patien t s with known myocardial damage. Since we 

Contramdicatio • little if absolutely required, to such 

Sel,' — — have not heeu obsevved. 

INSULIN DOSAGE IX ROUTINE DIABETIC MANAGEMENT 

lf (preferably breakfast), tbe pa- 

tieni “pWinAe hospital and immediately given the diet calculated as 
necessary for his maintenance upon discharge. From tbe blood sugar deter- 
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mined at entry the insulin required for the metabolism of the endogenous 
glucose is determined according to the formula described above. Further, 
it is assumed that one unit of insulin will metabolize four grains of exogenous 
glucose; 3 in the same manner as before only four-fifths the estimated dose 
is given to allow a safety factor; this amount may be easily ascertained by 
giving a number of imits of insulin equal to one-fifth of the available glucose 
in the diet as measured in grams. Exogenous available glucose is calculated 
in the usual manner: 100 per cent of the carbohydrate plus 60 per ceut 
(actually only 58 per cent) of the protein plus 10 per cent of the fat. The 
insulin is divided into one, two, or three doses depending upon the total 
requirement; the largest dose is given before breakfast, the smallest before 
lunch, and the intermediate dose before supper. Two hours after breakfast 
on the third day of this regime the blood sugar is again determined to permit 
further insulin regulation in preparation of the patient for discharge from 
the hospital; usually it is between 90 and 150 mg. per cent. If at the former 
level, insulin dosage is reduced; if higher than 150 mg. per cent, insulin dosage 
is readjusted on the basis of the endogenous glucose reflected in the blood 
sugar level. Ordinarily the insulin readjustment made at this time is suf- 
ficient to carry the patient for several weeks until mild insulin reactions 
indicate the need for further readjustment. This method permits the patient 
to receive intensive diabetic instruction in the hospital and return to his 
gainful occupation in from four to seven days. 

Essentially the same plan is used in the after-care of the coma patient 
except that instead of basing the insulin dosage for the endogenous glucose 
on the blood sugar either on admission to the hospital or after its reduction 
by a massive dose of insulin, it. is arbitrarily assumed that the endogenous 
glucose excess is represented by a blood sugar of 300 mg. per cent. 

If for any reason the diet formula needs to be changed (for instance if 
the carbohydrate in the diet is to be increased in preparation for operation) 
insulin is readjusted according to the difference in the exogenous glucose 
supplied by the two diets. 


EXAMPLES 


Case 5. — M. R., female, aged thirteen, weight 05 pounds. Blood sugar on admission 
to the hospital: 400 mg. per cent; insulin required for metabolism of the endogenous 
as calculated: 33 units. Insulin required for metabolism of exogenous glucose supplied ^ 
diet of protein 40 gm., fat 00 gin., carbohydrate 100 gm., available glucose 13S g IU -- 
units. Total insulin requirement: Gl units. Sixty units of insulin, 30 before brui 
10 before lunch, and 20 before supper were administered. Two hours after breakfast on ^ 
second day of this regime the blood sugar was 1S1 mg. per cent. The insulin was increas^ 
by 20 units instead of by the calculated 10 units and there were questionable mild 
reactions. On the fifth day of this regime tiie diet was changed to protein 40 gm-, f a * a 
carbohydrate 80 gm., available glucose 112 gm., a decrease of 26 gm. of available g u ’_^ 
calling for a reduction of S units of insulin (when small amounts of insulin onh are ^^ 
volved the customary four-fifths reduction is usually omitted). On the third da;, of t le ^ 
regime during which she received 30 units of insulin before breakfast, 15 before 
25 before supper, the blood sugar two hours after breakfast was 154 mg. per cent. 
the course of the next few days mild insulin reactions indicating a considerable mere, s ^ 
tolerance occurred and the insulin was further reduced to 25 units before brM asj^ 
before lunch and 20 before supper. Two months after disehage from the liospi . 
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classing: gauging the uose of INSULIN 

, . . , , rcduce the insulin to 2<> units before 

had gained 20 pounds in weight and fau J Xhu . mouths after discharge she had 

breakfast, none before lunch and In be ore up the insulin to 1.. unite 

gained an additional 10 pounds in weight and had 

before breakfast and supper. ^ fitted to the hospital in 

Case 6.-C. 1!., female, aged eleven wufcbt SL . em ed ineffective and on the- 

coma with a blood sugar ot obb Mg- H *• * t ghc wa3 se mistuporous and quite weak; 
second hospital day I was asked to see t 1^ ^ sugar wa8 375 mg . per eent; insulin re- 
tliere was no fever or infection. At t .a 1 « 7 unil , p changed the diet of protein 35 

quired for metabolism of the endogeno 8 , «ith 15 units of insulin before 

«, « ® m 8 ;“~ L» 35 e ..„. Eat 00 B ,n, 

breakfast, 10 before lunch, and l-> ’ Change in the insulin required for metabolism or 

SO gm., available glucose 110 gm. nonce b “handover” effect of certain question- 

endogenous glucose was indicated, ^neertam o * J; - unita , a little more than 

able treatment earlier employed, the msu rcccivcd 20 units before breakfast, 15 before 

bait' of that calculated, so that the 1 ^ morning of this regime the blood sugar two 

lunch and 20 before supper. seventh morning at the same time 

hours after breakfast was 138 mg. per cent and on 

it was 125 mg. per cent. 

CASE 7. — E. B., male, aged thirty-two, weight 128 pound, “ '^ToO 

500 mg. per cent; calculated that onIv one ounce of orange juice was re- 

units and suffered an insulm reac * obtain a blood sugar determination 

quired to relieve it. Unfortunate^ ^ ^ ^ . fc wa3 u0 mg . per cent . 

untU twelve hours after the insuUn ^ per eent spontaneously, 12 units of 

Assuming that the blood sugar ™ ^ ^ gf pr0tein 70 ^ fat 160 gm., carbo- 

insulin would be required for i s ired 2 8 units of insulin for metabolism of 

hydrate 80 gm., availa Vnsu u„ of 70 units was given, 30 units before breakfast, 

the exogenous glucose. simplify the problem two intermediate days with 

15 beta. tab and 25 : M J m 4 ,h, O. .be 

a relatively higher car o 7 fasting blood sugar was 190 mg. per cent while 

third day of the regim ™ per The latter figure indicates that the 

two hours after rea a , . lower the fasting blood sugar it would have been 

patient was a ? e <I uat ^ dose ’ o£ a procedure which we dislike because of the 

necessary to give . 8 Uettt The patient was discharged from the hospital on the 

sev°eTday 6 Three months after discharge he had gained 15 pounds in weight and reduced 
Ms insulin hy 5 units, to 30 before breakfast, 15 before lunch, and 20 betore supper. 

Note . In patients running an irregular fever less than the total optimal 
dose of insulin as calculated is given in order to minimize the possibility of 
an insulin reaction when the fever reaches a low point. However, m the 
case of an infection with a continued fever more insulin is usually required. 

I am unable to propose any definite rules for the diabetic management of such 
patients inasmuch as their insulin requirement varies from hour to hour. 

Contraindications: As above mentioned. In patients with severe myo- 
cardial damage no insulin is given even though the blood sugar be as high 
as 300 mg. per cent. If acidosis supervenes insulin may be given cautiously 
iii doses of 5 or 10 units at a time. Onset of anginal pain is considered an 
absolute contraindication to its further use. 

SUMMARY AND CONCLUSIONS 

1. The blood sugar of a diabetic patient in coma or of one presenting a 
hi-di blood sugar may be safely and quickly reduced by giving a number of 
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units of insulin equal to one-sixth the body weight in pounds for each 100 mg. 
per cent the blood sugar is above the normal giycemie level (100 mg. per 
cent). If the physician cares to use larger immediate doses of insulin, care- 
fully watching the patient at the time, lie may give one unit of insulin per 
kilogram body weight for each 200 mg. per cent that it is desired to lower 
the blood sugar. While the ordinary supportive measures such as saline 
hypodermoclysis and cardiac stimulants are given according to indications, 
glucose, sodium lactate, etc., are not ordinarily employed in the treatment 
of the coma patient.. The rapidity with which the symptoms may be con- 
trolled makes the latter medication superfluous. 

2. Routine regulation of the diabetic patient presenting no complications 
may be quickly and safely attained by giving a number of units of insulin 
determined as above for the metabolism of the endogenous glucose plus a 
number of units of insulin equal to one-fifth of the available glucose in the 
diet as measured in grams. A blood sugar two hours after breakfast on the 
third day of this regime determines further insulin readjustment. Tins 
method permits intensive hospital diabetic instruction and yet allows return 
of the patient to his gainful occupation in from four to seven days. 

3. Since the formula here presented is entirely theoretical in its concep- 
tion and derives its only merit from satisfactory and apparently safe clinical 
experience, the fact must never be overlooked that it should be modified to 
the need of the individual patient as determined by that patient's clinical 
response. It should not be used in the treatment of patients with myocardial 
damage. 
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SODIUM TAUROC1IOLATE AND THE VIRULENCE OF HUMAN 
TUBERCLE BACILLI’* 


H. J. Corper, M.D., Ph.D., Maurice L. Coiix, Pu D. t and Vyola J. Hoper, S.B., 

Denver, Colo. 


D URING the course o£ studies attempting to disclose the factors account- 
ing for the difference in gross colony characteristics of human and bovine 
tubercle bacilli noted on different culture mediums, particularly the striking 
difference on inspissated egg mediums (low spreading wrinkled form) and on 
potato mediums (elevated, heavy, limited form) as well as on inspissated 
whole blood mediums (thin veil-like spread growth 1 ’ ~) , certain substances 
were incorporated in different nutrient mediums for the purpose of changing 
the physical-chemical properties of the medium, particularly to change the sur- 
face tension of the medium. Among those tried, one, sodium taurockolate in 
certain concentrations, produced decided changes in the nature of the result- 
ant growth which led to a further study of the colonies and of the bacilli. 
Although our studies did not disclose the exact nature of the factors deter- 
mining the characteristics of the gross growth on the various mediums, it did 
appear that by reducing the surface tension of these mediums to a common 
level there grew on these different mediums identical colonies of the so-called 
smooth-greasy type recorded as seen predominantly with virulent avian tubercle 
bacillus cultures on egg mediums. 3, 4 

The experiments were conducted with graded plantings from one milli- 
gram to one-millionth of a milligram and varying amounts of sodium tauro- 
cholate (Eastman Kodak Co.) were added to defibrinated cow blood, to e"" 
white, to egg yolk, and to potato cylinder mediums which were then sterilized 
by inspissation or autoclaving as usual. All the mediums contained 3 per 
cent glycerol as is customary’ for growing human tubercle bacilli. With de- 
fibrinated cow blood, 1 per cent of sodium taurocholate inhibited the "rowth 
of small plantings; 2 per cent inhibited medium grade plantings; and 5 per 
cent, inhibited moderately heavy plantings. With egg white, a poorer nutri- 
ent, the inhibition effects on growth were even more striking, and consequently 
the effect on the colonies was inappreciable. With inspissated egg yolk and 
potato cylinder mediums, inhibition was noted in the smaller plantings when 
the mediums contain 5 per cent sodium taurocholate but not when containing 
2 per cent. Most striking, however, was the effect of the 5 per cent sodium 
taurocholate upon heavy plantings (one milligram or more per cubic centi- 
meter seeding) in producing smooth, solitary, greasy appearing “avian-like” 
colonies on the egg yolk and potato cylinder mediums. 


These colonies were, therefore, studied for their characteristics regard 
mgparncularly the virulence of the bacilli and the permanency of the changed 
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produced. The former (the virulence) was studied by graded inoculation of 
fine suspensions into guinea pigs, a quantitative method of virulence determi- 
nation, and the latter (culture characteristics) was studied by transfer back 



and forth for several generations on both the inspissated egg }’°lk me ^ te 
and the potato cylinder mediums with and without the sodium tauiocio 

(5 per cent). 
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most of them that had been culm alec *»« clltlv isolated strains could 

readily adapted to the culture tests, but ■ * ^ wetUums . The property 

not be grown on the o per cent soi n „ reasy appearing colony was 

of producing the solitary so-ealk ■ , ivinde nt human tubercle bacilli on 
readily attained with both vinilen - ‘ . - m , r 5 per cent sodium tauro- 

one transfer to egg or potato met ‘ (om * was also attained by one 

cholate, and return to their ongma ^ eontainin g the 5 per cent 

transfer to the egg >olk l ^ ilhwtrated in the accompanying picture, 
sodium taurocholate. this • lt ures bv the sodium taurocholate 

The of the motive 8 enera, virulence 

on the virulence was stucueu 



Fig. The Immediate c ^ a ^ di u° m ^con^ofning 1 .? 1 per cenTsodium taurocholate when sub- 
aeveral tranaCera on egg or potato mediums c< cylinder medium (right tube) without the 

aodium^ taurocholate^ The^raVn'of huian tubercle bacilli is •'Gluckaon" and the incubat.on 
period four weeks. 


of the taurocholate cultures with the ordinary cultures of the same strain, 
and using for this purpose both virulent and avirulent human tubercle bacilli. 

The method of testing virulence, used for years in our laboratory for 
human and bovine bacilli, was based on tlie findings of one of us> from an ex- 
tensive study of the effect upon the development of general tuberculosis in 
the guinea pig following various routes of infection. At that time it was 
found that the development of disease in the guinea pig differed little for 
practical purposes with the average strain of human or bovine bacilli, regard- 
less of whether injected subcutaneously, intraperitoneally, or intravenously; 
and therefore, the subcutaneous method was chosen because of the ease of 
noting the development of disease by the enlargement of the local gland. The 
subcutaneous method has been used for general systemic virulence tests in 
guinea pigs and has proved of service in determining the virulence of human 
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Table I 

Tiie Virulence of a Virulent , 

After Growth on InsflssAted *E GG ^ YoSg?v™w' ' X °^ HuiIAX t “le Bacilli 
Ego \olk Glyceroi, Water 5 per pkct m EB Medium a - n ' d Inspissated 

fcK LENT fc>0Diu.u Taurocholate Medium 


STRAIN- 


MEDIUM GROWN ON ,Sf MG ’ IXJECT “ 


* 1 Gluekson f 

Inspissated yolk 
Glycerol water 

10 1 

0.01 10-< 

+ i r 

10-6 

+ 

10-s 

0 


Inspissated yolk 

Glycerol water 

0% Sodium Taur 


+ + 

T 

+ 


Inspissated yolk 

Glycerol water 

0 0 

0 



w .-: Fo , r « report 

Inspissated yolk 

Glycerol water 
•’% Sodium Taur. 

0 0 

0 




jiaIntoBried Ait Incubator t Temperature. nC AnL o, TuberCe Bacilli 

““IFSr ‘w^^SSSScg'S 

C<1 " CrC tak ° n f ‘° ,n thc third subculture on the inciicated medium. 

cholate in 5 ner ^ r . aljle 1 indicate that although sodium tauro- 

cylinder medium r C011CCJltrat1011 in inspissated egg yolk mediums (or potato 
°ross eolonv ' CSU S 110t tabu l ate d) Ciluses an immediate change in the 
ft does not p Ppearance t0 t! 'at of a smooth-greasy “avian-like" colony, but 
of at least tl n mnCe * 10 v inilence °f avirulent human tubercle bacilli in spite 
strain of h ^ C01 ' tluil0us transfers on the taurocholate medium. A virulent 
from the reVt^ 1! e ! C ^ e bacbb would appear to have increased in virulence 
more apparent ti,° tamec \ but wllen analyzing these results they prove to be 
tauroehnlnt a o tea , m that a transfer back to a medium not containing 
no? : t T S ' he Change t0 be nither one of temporary nature and 
to this arm«i- m + er | Ce lncrease - There are two factors which may contribute 
taurocholate eil i ° ian “ e ’ one ^ le increased concentration of the bacilli in the 
and more c t w' ° n ^ ’ anc \^ le °^ ler the greater ease of preparing finer dispersed 
a e suspensions of the bacilli in the presence of the taurocholate. 

othpr nhsm'' + ^ ° Ur bncbn = s w ith sodium taurocholate recorded above, and 
hpt n , va 10n ® nat lecorded here, we feel that the problem of correlation 
him 1 1 . C ° onies ailf i avirulence, and smooth colonies and virulence for 
human and bovine tubercle bacilli merit further exhaustive investigation with 
u co, i 10 ot as to virulence tests and the physical-chemical nature of 
me lums. It v ould appear also that the characteristic of rough or smooth 
for human and bovine tubercle bacilli may represent changes dependent more 
or less upon the physical-chemical properties of the medium in close proximity 
to the individual colony. 
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SUMMARY 

1. Virulent and avirulent human tubercle bacilli grown on an inspissated 
egg yolk medium or on a potato cylinder medium containing 5 per cent sodium 
tauroeholate following heavy plantings produce smooth-greasy appearing 
“avian-like’' colony growths which can be changed by a single transplant on 
the same mediums not containing tauroeholate. 

2. Avirulent human tubercle bacilli grown through several generations 
on egg or potato nutrient mediums containing 5 per cent sodium tauroeholate 
do not show an increased virulence for guinea pigs in spite of the temporary 
physical change in the gross colonies. 

3. Virulent human tubercle bacilli grown on egg or potato nutrient medi- 
ums containing 5 per cent sodium tauroeholate show a transient apparent in- 
crease in virulence for guinea pigs. 
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VI[. AUTONOMIC IMBALANCE IN ANIMALS 8 
Joseph B. Wolffe, M . D ., Piueadelfhia, Pa. 

D™,!‘X ^ 7“ «. <“vc used several huudred a„i,„a ls to stody- 

system ( c u of d ™» s ■**% the •— * 
'ipheral Wra^l' ,, a . s P lc '"’' '» the central and 

metabolites affecting t Ir,',,!')' ' ' llpatl,t ' tl “ ,,cn » (il >i' r e as ivell as the individual 
in the reaction of •ini . . . " C1 .° im prcsscd with the striking variations 

theticotropic stimulant J an l “ I)lnephr, . ,ie ’ w,1Ich ls considered a typical sympa- 
•svmpatone fact v, ’ ■ ? ° *' eaetlon the administration of De- 

stimulates the **>' ** 

classes. ° *° slPx ^ v ^ e 0U1 ‘ animals (mostly dogs) into three groups or 

insensitive' to dMy^ato)w! ,dl SUSeeptibIe to e P>»epMne, and relatively 

tible to rlesvmi , T1 '° St ccrerse phenomena, being particularly suseep- 

a°t » relali r clj - to epiuephriite. 

of both t vnper n f / nimj * s sil0 "* n o rather a marked susceptibility to the effects 
to resnond to t | dn !?' . ^ ° Ur . experience we have not found a dog which failed 
thou tr h it it; 1G - a< • "illustration of therapeutic doses of botli substances, al- 
thong I t s conceivable that such animals might be encountered. 

tention who, 'i ' aua * lon in susceptibility was emphatically called to our at- 
do^s weitdii ' Ulln ® , one " 01 'king day, tests were made upon two uonpregnaut 
and e Ini 1 aPP ?'° X " natel - v 10 kilograms each, and anesthetized with morphine 
atone n w om \ lo „,, . s * 10w f ^ lc comparative effects of epinephrine and desymp- 
. ° , . V s an " na i showed a slight reaction to desympatone, but 

( 2o/ -n ie y S< f 1S, ! lvc . t0 e Pi‘iephrine. After administering 20 gamma 
duced'Vhi'r °*. e P“ ie Pi u 'iiie, a marked rise in blood pressure was pro- 

i - , “mi • ' lmu ltaneous electrocardiograms showed dropped ventricu- 

oceenierl ii i" S occu * 1( ^ a t the height of the blood pressure rise. It is usually 
i n t ' a e Pn ie P ii me causes an increase in the cardiac rate. This animal 
i 1 6 y f 1 ° WG a noinlal auricular rate, but the ventricular rate was cut 
down markedly on account of the ventricular asystoles (Fig. 2, A). In this 
^acing, leading from left to right, one sees an auricular complex marked P.; 

Tl nr?Q° °" C i ? rp " waves ’ which represent systole of the ventricles. 

. C0I ^P ex ls registered by veiy fine lines, requiring careful examination 

m?c< e rp 11 ^ L n° 3 magnif ™ " lass ^ 0r the untrained eye. Another normal P, 

1 . 0 ows ’ ^ ien ^ lree P-waves representing three auricular sj^stoles with 

•From the Department of Medicine. Temple University 
Received for publication, June 7 , 1933. 
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only one ventricular response QRS, T; two normal cardiac cycles were again 
registered, followed once more by a ventricular standstill; this cardiac dis- 
turbance continued until it returned to its normal rhythm. The injection of 
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2 c.c. of tissue extract showed but a slight drop in blood pressure (Fig. 1, £); 
4 e.e. of tissue extract also showed but a slight depressor effect (Fig. 1, C); 
2 c.c. of tissue extract and 20 gamma of epinephrine brought about a marked 
rise in blood pressure (Fig. 1, Z)) and 4 c.c. of tissue extract still failed to 



completely neutralize 10 gamma of epinephrine (Fig. 1, E). Taken after 
and 4 c.c. of tissue extract respective!}", the electrocardiograms (Fig. 2. B an 


C) did not show the characteristic effect upon the rate and T-waves. 


When the 


mixture of the two was administered (Fig. 2, D) tissue extract apparently pi® 
vented the blocking effect of epinephrine in this animal, but did not influence 
the T-wave. We have already shown in previous publications 1 ’ J ’ 0 that epm 
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rine and desympatone will affect the T-STin Lead 2 

animal the T-wavc is not appteenny * ’ h Hk all t hc others 

(Fig. 2), which wc are continually reg.steimg, is m 



Thinking that possibly the tissue extract solution was weak, we used 2 c.c. 
from a different lot, but the effect upon the kymogram and electrocardiogram 
was about the same (Figs. 1. F and 2, E). 
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Pigs. 3 and 4 show the blood pressure and electrocardiographic effects pro- 
duced in Dog 302, following the administration of the same solutions. This 
animal proved to be very susceptible to desympatone and relatively resistant 
to epinephrine. Ten gamma of epinephrine caused a primary rise and second- 
ary drop in the blood pressure (Pig. 3, *4). The rate is uniniluenced. A slight 



ViS. 4. 

change developed in the character of the T-wave and in the R-T | u * e 

(Fig. 4, A). One cubic centimeter of tissue extract, employing the same o 

v ° ’ . o F) The elect ic- 
on the first animal, caused a marked depressor effect (big . a, &)• s j nUS 

cardiogram (Pig. 4, B) showed a definite sino-auricular bradycardia in^ 

arrhythmia. The T-waves are markedly depressed as compared wU 

T-wave seen on the normal tracing. The rate has been cut down 10111 
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34. Smaller amounts 0.5 ex*. (Figs. 3, C and 4, C) and 0.25 c.c. of tissue extract 
(Figs. 3, 27 and 4, D) showed proportionate drops and corresponding electro- 
cardiographic changes. An injection of 0.25 c.c. of tissue extract (Figs. 3, L 
and 4, 27) and 0.1 c.c. (Figs. 3, F and 4, E) again showed proportionate ef- 
fects. As small a volume as 0.05 c.c. tissue extract (Fig. 3, &) showed a slight 
fall in blood pressure. 

The method of standardization of tissue extract depends upon its neutral- 
izing the effect of epinephrine upon the blood pressure of a dog. Fig. 3 
(I, J, K, L, and If) shows the effects produced when a constant volume of 0.25 
c.c, of tissue extract is mixed with quantities of epinephrine ranging from 5 
gamma to 50 gamma. With 5 to 25 gamma of epinephrine the depressor action 
predominates in this dog. With 35 gamma (Fig. 3, L), the fall and rise are 
equivalent; and with 50 gamma of epinephrine, the pressor effect prevails 
(Fig. 3, K). Therefore, tested on this dog, 1 c.c. of tissue extract apparently 
corresponds to 120 gamma of epinephrine or 120 units, while if the previous 
dog was used as a test animal, 1 e.e. of the same solution would be equivalent 
only to 2.5 units, approximately 50 times less than in Dog 302. The very 
definite effect of repeated doses of desympatone on the T-wave should be noted. 
In the earlier records the T-wave was markedly upright (as shown by Fig. 4, 
Ax 1) and later on it became definitely diphasic (Fig. 4 , D x 2) and then in- 
verted (Fig. 4, F x 3). The P-wave in the normal tracing is extremely high 
(Fig. 4, A Y 1), much smaller in Fig. 4, B Y 2, and proportionately increases 
and decreases, depending upon the amount of desympatone administered. In 
these two animals the differences in the results are extremely striking; in the 
first animal (301) 4 e.e. of tissue extract failed to neutralize 10 gamma of 
epinephrine, while in Dog 302, 0.25 e.e. of the same solution completely neu- 
tralized 35 gamma of epinephrine. In an assay on Dog 301 alone this solution 
would appear to contain less than 2,5 units per cubic centimeter, while assays 
on Dog 302 would indicate the presence of 140 units per e.e. These extreme 
variations are seldom seen. We avoid such discrepancies by using a number 
of anesthetized atropinized animals in standardizing tissue extract. Marked 
variations in susceptibility of the components of the autonomic system have 
frequently produced apparent contradictions in the results obtained during our 
studies. We have learned to determine the relative susceptibility of test an- 
imals 7 in connection with research work on products of this type, as well as 
in such apparently simple studies as the U.S.P.X. bioassay of epinephrine solu- 
tions. 3 

The difference in tonus of the different components of the autonomic sys- 
tem should be kept in mind in studying drugs having a specific effect upon this 
system. Many of the contradictory results observed by different investigators 
may be due to these marked differences in the autonomic balance of the animals 
employed. 7 A subsequent paper will present methods of grouping animals ac- 
cording to their autonomic states. ° 

At present it appears important to test out every animal first as to its re 
action to epinephrine. As soon as the effect of epinephrine has worm off, the 
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response to desympatone should be recorded. These hormones are very quickly 
eliminated , 7 apparently without influencing the animal's response to other 
drugs. 

CONCLUSION 

In studying the quantitative effects of drugs acting upon the autonomic 
system, the susceptibility of the test animals should be determined relatively 
to standard solutions of epinephrine and desympatone (the active constituent 
of tissue extract). Such a procedure will eliminate many of the apparent dis- 
crepancies observed on unstandardized animals. 

We wish to acknowledge, with thanks, the splendid assistance of Arnold Quici and 
Mabel E. Luecareni for their assistance in compiling the necessary data, and to Sharp and 
Dohmo for supplies of Tissue Extract 8GS. 
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/ INTRAVENOUS LETHAL DOSES OP AMYTAL IN THE DOG AND 
RABBIT AND A TABLE OF ANIMAL DOSAGES COM- 
PILED PROM THE LITERATURE* 

Hahald G.' 0. IIolck, B.S., Ph.D, and Munir A. Kanan, M.D., 
Beirut, Lebanon, Syria 
In Collaboration With Hans Houma, M.D. 


R ECENT barbiturate studies indicate that closer attention must be paid to 
various details and factors than lias hitherto generally been done in estab- 
lishing accurate dosages. Also in some eases results cannot well be inter- 
preted because authors give incomplete information about what would appear 
to be essential points. Finally, comparisons are difficult owing to variations 
in criteria and toxicologic terminology. 

Therefore, we wish (1) to present a summary of recent studies upon fac- 
tors which need consideration, together with our own findings in regard to some 
of them, (2) to discuss the possibility of clarifying the toxicology terminology, 
(3) to present a mortality study in which we have tried to follow the discussed 
principles, and (4) to give a comparative dosage table in which, by our head- 
lines, the topics are indicated about which we believe information is desirable 
for proper evaluation of the proposed values. 


SUMMARY OP RECENT STUDIES 


The Drug Used, Its Degree of Purity, the Form in Which Administered ■, 
the P„. — “Crystalline sodium amytal has a lower M.L.D. than the prepared 
solution of amytal, ” 29a partly due to difficulties of avoiding slight decomposi- 
tion and of changing all amytal into sodium amytal. Even pure sodium 
amytal crystals may contain not more than 0.1 per cent unchanged amytal. 2 
Our dog experiments with intravenous, prepared sodium amytal do not give 
values that differ from those of Swanson and Shonle, 22 who used pure sodium 
amytal. Slight lowering of the intended P H of 9.5 to 9.8 causes separation of 
traces of amytal with loss of hypnotic power. 32 ’ 35 

Perfect stability of sodium amytal solutions of up to five months is 
claimed ; 18 - 21 ■ 24 others note a tendency to deterioration on standing. 32 ’ 33 Our 
pooled remnants after two months needed filtering and about 25 per cent in- 
crease iu anesthetic dosage. Hence, for research work we use solutions on the 
day of preparation only. 

A 10 per cent concentration is about 50 per cent more anesthetic in the 
white rat than a 2 per cent one, hypodermically administered. 21 Also intra 
vcuous saline injections into rats revive those fatally poisoned with concern 
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tinted solutions of sodium am via 1 1 Dm fi, 0 , +■ i , 

to dogs of 10 and on nfM . nt \ J * 4 ,cr liand » rectal administration 

" ° , ,0 " S ' Si™ about similar results.” 

dijv J °„“ tZ M a! B Sr‘ Sives ;' -sodium amytal solution and 

for om-fA, V ° 1>a,n tactor necessitates rather dilute solutions 

— «z?r; "" ? yi siy “" must * a j“i 

oncentiat.on ot 10 per cent protects against circnlatoiT effects (Ibid) 
the rabb7t S sW°.,n C// ' 0£Z 'f***"™” 1 ™ «"d rate of intravenous injection, 
and other methods on^T.h.istralion - Rabbit “l ^ 

;r s,,bc — s r r ir 

Pid 7 of ’i SS S ° 1,1 the d0ft dffBUn « rapidly with increase in 

ml of evin atrave r“ f ad,uinhtr “ tian - M Very rapid injection of but a few 

named “snee i^i &n ? n ™ S ° U n b * ood ma 3’ produce widespread disturbances, 
named speed shock. ” with a possible early exitus « 

the fatal f Wp um ^ e> °f an ‘“i<iis, and in mortality studies also the number in 
mation for n 1 a,lot ’ * 1<)u ® b 110t always available, would seem essential infor- 
ratl are tie Pei ' eVal ”«™ ot? «“>* clonage. As to .v,r, adult female white 
deen anest he , <ls su ' see P* :i to subcutaneous sodium amytal as are males, using 
nembutal 1 ^ ' el lter * 011 ,' 1 but the two sexes are equally susceptible to 

Ci! t t Ui ; P ° SeCl,y ’ thG car, y Preamnc of 80 per cent of the amytal 
different 7 ° lau ® 111 *’ * be dose significantly. Rabbits do not show any sex 
af i m : • . len gauging many barbiturates after oral and intraperitoneal 
able v C -. 10nS .i t lC ab ° Ve ncmbuta l report makes individual revision desir- 
whei-Pic u!t eai j castr atwn makes the male need the male white rat dosage, 
tinn nf n* ^ ea f iatlon 1(1 duees the dose needed; 1 however, the weekly produc- 
somp tnlp 1 - 68 ieS / 11 t ear ^ v eas tration may have led to the development of 
adnlr m i anCe ! V ‘ ' i,,JC an( l s '~ e > maturing male rats fall between 

rpsnP« 'ti < UK eina ^ e ' s ’ aiK ^ nnmature males and females give satisfactory 

Te sWr tbeT / C I° Sa ° e - 21 IU CUtS ’ L5 t0 35 k -’ the neater the weight, 
snhenf nn i -w ^ 1011 an . d tbe ^ ess ^ le c ^ e Pth for the same dose per kilo, 

1 ‘ 60U . S y ' 0lu ' Endings as to sex and size differences will be found 

under experimental data. 

1 ex ^ e> na ^ factors, fluctuations in room temperature between 25° 

, . iave 110t definitely influenced the IU.L.D. of white rats in the four- 

i , - "'I ° f x P ei nnents with intraperitoneal administration of 2 per cent 

solution of sodium amytal.** As to excitement and fear barbital-treated rats, 
aged with a rabbit, though not attacked by it, remain awake considerably 
nger an tie conti ols. 13 As much as 75 per cent dose differences with the 


same lot of white rats is “probably due to differences in 


. ° eiu - With groups of only 20 to 30 animals and no 
sex separation, any seasonal variation has vet to be established. Pend- 
ing this a direct comparison of amytal dosage of January with barbital 
dosage of September 31 may be postponed. The possible influences of diet, 
previous conditions of keeping animals, and barometric changes are not reported 
upon. A moist atmosphere gives a more rapid recovery in monkeys treated with 
barbiturates than does a dry one. 11 
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;AN : _ . 

Tolerance of dog metabolism to 
indicates intervals of about two ™-eh fislies by repeating intrapentoneal 
equally good anesthesia was °bta 1 intervals or more. J But 

injections up to five times probably .ith^ ^ nceess itate twice 

repetition of injections withm a * } t or death in the rabbit. 

the initial dose to produce ^ prance is lost within a few weeks. 

Thus, probably, the immediately acqunec 

clvbipicatws of toxicology technology 

V wause the toxicology 

( Comparisons of doses are flU ' t ^ b ^’^tor. Thus, the common term 
terms do not mean the same to eve ° 33b It may mean a dose oust 

“minimum lethal dose” lias variable meanm.^^ ^ ^ (1925) gi ve increas- 
sufficient to kill an occasional anima ■.) •«»•' * ^ ^ highest dose die, and call 
mg barbital doses to six cats, ia\e tab el anv dose the M.L.D. from 

tot dose the M.L.D. 15 il P ,„ and Coryllos 2 * (1926) inject 

such an orientation experiment . L ■ " do gs with fatal outcome to 

increasing amytal doses intravenously into nine^o gtate: “In one 

the one upon the highest dose, 9o mg. P ® ^ fa J al .. dose was tried 
dose approximately 9o-100 mg. P « ' misprinted in a subsequent paper 

between 75 and 95 mg. Anc t ^ e ylLD _ as no mg. per kg. 31 (Their 

in which reference to the abo’i c 

Table VI.) /loq-n th P AILD causes death in 50 per 

/ To Maloney, Fitch and T a tum( ^ nd LoeV enliart ls (1930) define 
cent of the animals, whereas Knoefel^Heiwick and ^ ^ ^ 

it as the smallest dose whic^ 1 b „£ e ^.L.D. is determined by requir- 

According to Swanson ( -q ^ tQ ^ on the same dose.” Slionle, 
ing not less than 60 per cen ( which causes death 

Keltch and Swanson 29 (I960) wnte that to selies „£ 

of all or a majority of the animals on tto d°s* anima l 

Contiere 2 (1932) it seems to be the dose jnst lar.e «»“= 

on that dose/ h t enn “average fatal dose.” 7 ’ 17 ' 32 

Similar divergence 10 b barbiturates one may divide 350 rats 

To eliminate som idea of the effective and fatal dosage - 

among 16 barblt ^ t0 ^ & ^ a seC ond time with at least a two-week 

and e ™ ma t l„h there be a distinct advantage in using the values from 
interval.- 9 But though th comparative studies, it does not seem 

one comprehensive piece P . mentioned investigators for 

quite justifiable to -^^^toTe LporLt barbiturates, including the 
detailed compariso ° f tbe so-called M.L.D. 30 The number of am- 

effects of ^^J^^oMeiTtration is variable and nothing is said about a con- 
:££T, to "Z1Z revision of this comparative dosage - though using 
more animals, fails to consider the sex ..nest, on and to keep a constant eon- 

"/’in view of these difficulties of nomenclature we agree with Trevan” (1927) 
that it would be preferable to abolish the term “Minimum Lethal Dose” and to 
substitute a term that would always mean the same. He proposes the term 
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median lethal dose to designate a dose which will kill 50 per cent of all animals 
in question in a large group picked at random, and suggests the abbreviation 
L D 50 for it. L D 100 would be an unequivocal abbreviation for the certainly 
fatal dose. Proofs are given that the L D 50 is “in the neighborhood of doses 
with the minimum relative error of determination.” Regarding the number 
of animals required in such determinations, mathematical evidence is fur- 
nished to show that about 30 is near the optimum, that significant increase in 
accuracy requires a great increase in number, and that “diminution of the 
group below 30 leads to a very rapidly increasing error.” Or, as T revan puts 
it: “The ratio of the cost of the test to the accuracy obtained reaches a mini- 
mum in the neighborhood of this group number.” However, with larger 
numbers of animals, one may determine several points along the straight part 
of the mortality curve, usually between about L D 20 and L D 80, by splitting 
up this number into smaller groups, and get results “which will have only a 
slightly greater error than that which is obtained by injecting the whole 
group with the average lethal dose.” The total number required for the 
determination of these points depends partly upon the slope of the charac- 
teristic and partly upon the accuracy desired. Trevan gives examples of tins 
and adds emphatically' that all “discrepant” results must be included. He 
further writes (1932, a) : “The ideal way' is to get a set of groups symmetri- 
cally' distributed around 50 per cent mortality' with doses separated by inter- 
vals such that the difference of the logarithms is constant, the doses them- 
selves, therefore, rising by equal proportions and not equal arithmetical differ 
ences. The LD 50 can be arrived at by' drawing on squared paper the bes 
straight line through the points obtained and determining where it cuts t e 
line for 50 per cent mortality.^/ 

As to establishing the minimum effective dose, except when actual sur^ 
cal operation is the aim, criteria vary so greatly both for the same an o 
other species that comparisons of results of different authors become qm 
difficult. Could not the Council or some other authoritative body' suggest one 
or two criteria for each species of animals by' which first to establis i 
M.E.D. in each ease of new hypnotics, the stream of which as yet seems 
from being stemmed? 


EXPERIMENTAL DATA 

The solution of sodium amy'tal was prepared in the usual rnannei, a< ^.^ 
8.85 mil. of N/2 pure sodium hy'droxide solution to each gram of nm j^ oa 
proper stirring, avoiding excessive heating, and with subsequent ci i 
freshly glass-distilled, sterile water so as to make the concentiation 
cent of sodium amytal. The solutions were always filtered, kept be "^jons 
and 28° C. during use, and employed within six hours. On three occa- 
the P H was checked and found to be within the range of 9.5 to 9.8. ^ 

Our original plan called for completion of all experiments , durin D the^ ^ 
months of October and November, but an outbreak of plague int ^ U j anuar y; 
animal supply and made it necessary to continue into December a ” on ] } - 
however, the estimated L D 50 for the 109 dogs of the warmer mon ^ case 
milligram higher than that of the 71 of the colder ones, an 


one 
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of the rabbits a similar difference was found ; hence, no important source of 
error was introduced by the change of season. So as to have more uniform 
temperature conditions during the actual experiments, the room tvas warmed 
and the temperature kept between 21° and 27° C. and the animals were kept 
well covered during the amytal action. 

The short-haired varieties of rabbits were bought in the open market, 
and kept for at least ten days on a constant diet of wheat, carrots, fresh 
greens, and water. A total of 120 rabbits was used, 60 males and 60 nonpreg- 
nant females. Food, but not water was removed twenty hours before giving 
amytal. 

The 180 dogs were delivered from the city pound, all breeds and mixtures, 
90 males and 90 nonpregnant females, and kept on a mixed diet ; as much 



Chart 1.— Showing the weight ranges and uniformity of distribution of weights within 
range; the size. dose, fate, method of administration and rate of injection for each and everv 
animal (100 mg. per minute for dogs, 20 for rabbits) ; the increasing mortality with increasing 
series the Very feW delayed deaths and the h'Sher mortality in the small dogs in the first four 


bread and boiled meat as they would eat was given twenty-four hours before 
administering amytal ; water was allowed all the time. 

The determinations were completed in ten days upon the rabbits and in 
eleven days upon the dogs. On each day we tried to distribute the animals 
evenly among the doses. 


The rabbit variation in weight was limited to the narrow ran-e of be 
tween 1.40 and 1.95 kg. In the dogs, using only full-grown, apparently 
healthy animals, the weight range is that of the animals brought to ns with 
extremes of 2.7 and 23.4 kg. Chart 1 shows that the four series of 30 rabbits 
each, one tor each dose, are very similar in their size distribution. In the siv do- 
senes the size distribution is sufficiently similar for biologic experiments ° 
Because rabbits are especially susceptible to verv fnst into +• 
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giving a iniuinuuu time oii five minutes per rabbit. In case of the dogs the 
rate was 100 mg. per minute into the external saphenous vein. We are pur- 
posely giving our rate in terms of sodium amytal, so that later direct compari- 
sons with pure sodium amytal mortalities may be more readily carried out. 

In the rabbit the increase in dosage is 5 mg. of sodium amytal per kilo- 
gram for each new series. In the dogs, the dose increases in steps of 5 per 
cent (Logarithm 0.02119), so as to follow the latest suggestion by Trevau; 
this percentage increase seems to be very suitable for this type of medication. 
In either ease the distribution around 50 per cent mortality was very sat- 
isfactory. 



. f *j>p indicated 

Chart 2. — Showing the percentage mortality of thirty animals on eac “ mortality line 

i. the place where the best " or 

(L D 50) and the suitability of 


v m ^ „ w . eacn «*■ jay line 

doses, the place where the best straight line fitting the points cuts the 50 P e r , n \. /i minis tra ti on. 
^ * “ per cent dose increases for intravenous amjtal 


Our main results are shown in Charts 1 and 2 and in Tables I and II- ^ 
In view of the rather few mortality percentage points we ha\e 
it best to draw the straight line that would best fit these, and thus to * 
mine the L D 50 by seeing where this line would cut the 50 per cent moi ^ 
line. Because there seems to be a flattening in the middle values, oim ^ 
try to use other types of curves; however, this will not appreciably a 
L D 50 value. 


Table I 


Percentage Mortalities in Rabbits, 20 mg. of sodium 

AMYTAL PER MINUTE 

AMYTAL 

MG./KG. 

15 

MALES 

15 

females 

- TOTAL 

30 

68.3 

27 

27 

2t 

47 

72.9 

73 

20 

50 

77.5 

33 

67 

S3 

82.2 

87 

80 


Alt doses combined-. 

60 males 

55 per cent mortality 



60 females 48 per cent mortality 
120 (total) 52 per cent mortality 
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table n 


PERCENTAGE MORTALITIES IN DOCS, 100 MO. Oi' SODIUM AMYTAL PER MINUTE 


AMYTAL 

mg./kg. 

15 

MALES 

15 

FEMALES 

TOTAL 

30 

51.4 

27 

27 

27 

54.0 

47 

27 

67 

50.7 

53 

47 

50 

59.5 

40 

60 

50 

62.5 

07 

47 

57 

05.6 

87 

SO 

S3 

All doses combined: 

90 males 53 
90 females 
ISO (total) ; 

per cent mortality 

4S per cent mortality 

51 per cent mortality 



To the nearest milligram of amvtal itself, the L D 50 for the rabbits with 
our rate of 20 mg. of sodium amytal per minute, intravenously, is 75 mg. per 
kg., and for the dogs, using 100 mg. per minute, 5S mg. per kg. Comparisons 
with the rabbit values of Knoefel™ et al. (1930; 68 mg.) and of Coutiere 3 
(1932; 65 mg.) are impracticable because they did not use a fixed rate of 
injection, and employed much fewer animals (see Table 111) ; Swanson and 
Shonle’s 32 (1931) pure sodium amytal value of 86 mg. of amytal is based upon 
one breed of rabbits, a faster rate and lower concentration, and Ban-on’s 1 (1933) 
recent report makes it highly necessary to consider the concentration even 
with intravenous medication of amytal. In case of the dog our value checks 
very well with that of Swanson and Shonle 32 (1931) for pure sodium amytal; 
they report an 1LL.D. (over 60 per cent fatality) of 63 mg. of amytal per 
kg. ; 63 mg. from our curve gives an L D 67 ; concentration and injection 
rate were the same in both cases. A tentative value for the L D 25 in the 
rabbit would be 68, and for the dog 52 mg. of amytal per kg. Similarly, a 
tentative value for the L D 75 in the rabbit is 81, and in the dog 65 mg. of 
amytal per kg. with our injection rates. Thus, in either case, an increase of 
13 mg. of amytal per kg. increases the fatalities from 25 per cent to 75 per cent. 

In case of the rabbits, 59 out of 62 (or 95 per cent) died within thirty 
minutes, and 3 (or 5 per cent) died in from one to four hours after completion 
of injection (Chart 1). In case of the 91 dog fatalities, 88 (97 per cent) suc- 
cumbed within three minutes of finishing the injection, whereas the remainin'' 
3 (3 per cent) died during the night. In most cases the acute death in the 
dogs was immediately preceded by a short period of marked hyperpnea. Both 
acute and subacute deaths have been included in the mortality percentages 
as being directly attributable to amytal. One dog had evidently recovered 
from amytal after twenty-four hours ; however, it developed pneumonia and 
died on the third day ; this we have classed as an amytal survival. Similarly 
another one of our survivals had pneumonia, but made a perfect recovery’ 
The rabbits were kept for at least ten days after the experiment • none died 
during this time nor did any show signs of being ill. The do"s were killed 
at varying intervals of time (from one to eleven days) after recovery to he 
used m a study of any possible pathologic changes (see later discussion) 

In regard to any possible sex difference in the rabbit, Table I shows die 
extreme variations one may expect when using only 15 animals ‘ 


ni one group 
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Tasu 
Amytal Do; 


ANIMALS AND XNVKSTIOATOIIS 

XtrMUElt OF 

ANIMALS, FATAL 
1LVNUK IS ( ) 

SIZES IN «M. OK KG. 
SEXES 

sr ii stance: pke- 

I’AKKD, OK PLT.E 
SOD. AMYTAL 

PERCENTAGE 

CONCENTRA- 

TION 

Fishes: (b) 





Keys anil Wells 

.to (1.-.) 

AVI ile rantfu 

Prepared 

1 

White Mice: 

Dox ami Hjort 



Prepared 

1 

White Rats : 

Xielson, et al. 

About ‘At 


Prepared 

I and k-'S 

10 

Swanson anil Page 

(•til) 2li 

123-2N3 

Prepared 

Nicholas anil Barron 

-•'I. pregn. and 
to nonpregn. 
About '-’DU 

130-231) 

Females 

Over 2110 

Males 

Males 

Males 

Males 

Pure 

Pure 

Pure 

Pure 

Pure 

10 

10 

.1 

2.5 

•) 

Swanson 

.V, ( ) 


Pure 


Hoskins, et al. 

Drapkln. et al. 

:w 

200 

Prepared 

Prepared 

a 

(d) 

Swanson anil Shonle 

!>.‘!li (left) 

About OOTr Males 

Pure 

2 

Shonle, et al. 

IS 

100 

Prepared 

•i 

Fitch and Tatum 

Over ill 


Prepared 

- 

Hoskins, et al. 

•» J 

Young 

Prepared 


Habbits: 

Fitcii and Tatum 

Page 

Over III 


Prepared 

Prepared 

5 

Swanson and Page 

til (UD 

1. 1-2.3 

Prepared 

10 

10 

to 

Page 

Shonle and Moment 

S 

1. 3-2.7 

Prepared 

Prepared 

Prepared 

Dox and Hjort 

Fitch find Tatum 

Over III 


Prepared 

10 

Knoefel, et al. 

Id ( 111) 


Prepared 

5 

Swanson and Shonle 

‘At ( 23) 

13 ( 13) 

S ( S) 

10 ( 10) 

S ( S) 

2ft ( IS) 


Pure 

Pure 

Pure 

Pure 

Pure 

3 

5 

5 

3 

1 . 3-2 

Couti&re 

l.S-2.5 

prepared 

10 

Hoick and Kan’ an 

120 (120) 

1. 4-2.0 

Kqual sexes 

prepared 



Cats : 


Swanson and Page 

2(1 ( 2(1) 

1. 0-2.3 

Solid Am. 

•Yinvtal suspen- 
sion with acacia 

Dilute 

Eddy 

10 ( S) 

Adults 

10 

Mulinos 

21 

1. 3-3.5 

43% Males 

Prepared 

10 

10 


33 


Prepared 

Koppanyl and Ldeberson 

13 ( ID 


Pure 


Dogs: 

Swanson and Shonle 

Nielsen, et al. 

Page 

Swanson and Shonle 

7(1 ( 31) 

Adults 

Pure 

Amytal 

Prepared 

Solid !«) 
(caP su ‘ e 
Solid i«l 
(capsule-') 
10 

r than 
L and S» 

10 

SO ( (13) 

Adults 

Pure 

Page 

Edwards and Page 



Prepared 

10 


Variable 

Prepared 

Prepared 



^ I*"*™*" “ oses ”■ “ “““ 


age Table 
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METHOD OF AD- 
MINISTRATION 

AXD MO. or SOD. 
AJITTAL/MIX. 

MIX. EFFEC- 
TIVE DOSE 
AS AMYTAL 
MG./KG. 

(a) 

CRITERION 

AB = 

AUOhtSUEP 

a =: reflux 

lethal 

BOSES 

AS 

AMYTAL 
MG./ KG. 

Intrap. 

40-34 

Anesthesia. 

(c) 

30 

00 

Intrap. 

50-73 

Anestbt*^* 1 

200-210 

Subcut. 

Subcut. 

Subcut. 

37.3 

40 

01 

Ab. Inner ear R- 
Ab. Hypogastric K. 
Anesthesia 

140 

100 

Subcut. 

Subcut. 

Subcut. 

Subcut. 

Subcut. 

Subcut. 

Intrap. 

intrap. 

Intrap. 

Intrap. 

Intrap. 

1S2 

235 

272 

275 

75 

30 

71 

72 

30 

Anesthesia 

Anesthesia 

Anesthesia 

Anesthesia 2(y0 

Anesthesia 

Anesthesia °0O 

Ab. Tail and inner l <i2 

ear R. ASCI 

Ab. Inner ear R. 

Anestiiesia 


CRITERION 


" bemaKKSON 

(1) STARVATION IN 
HOURS 

(■>) diet . 

(3) ROOM TEN'S". IN C 
(I) SEASON 

I I MISCELLANEOUS 


Some die 
Uniformly fatal 


(1) 21; (2) Constant 


n , , ii;. (21 Constant 
Death during anesthe-lD l'>- *• 1 2 
sia 

. (1) 21: (2) Constant 

Some tile w January 

00% or more die W Janu 


Kills over 30% 


D D 30 

U V 0° /, , is-24; (3) 25-27; 

0«% or more die <» ™ — e l r 

All or majority die d) 24 


D D 50 


Oral 

Oral SO-100 

Subcut. 45 

Subcut. 55-00 

Subcut. 00 -SO 

Subcut. 30 

Subcut. 40 

Intrap. 50-75 

Intrap. 

Intrav. 45 

Intrav. 50 
Intrav. 100 
Intrav. 200 
Intrav. 350 
Intrav. 500 

Intrav. variable 45-50 
Intrav. 20 


Anesthesia 
Arousal Impossible 
Anesthesia 
Anesthesia 
Most sleep 
Arousal impossible 
Anesthesia 


L D 50 
00-100% die 


L D 50 
‘"Toxic dose 


Max. toleration 


Anesthesia 


L D 30 _ _ 

Kills just over aOVo 
00% or more die 
G0% or more die 
00% or more die 
00% or more die 
00% or more die 
L B 100 (7) 

L D 50 


(5) Pure chinchilla 


(1) 1S-20 ; 


(2) Wheat, carrots, 
greens 

(3) 21-27 

(4) October-January 


Subcut. 

100 

(Optimum) 

Anesthesia 


Intrap. 

Inlruv. 

70 (Opt.) 

Anesthesia 

51 

Oral 

03 (Min.) 

Anesthesia 

112 

Oral 



UoO 

Oral 

Rectal 

1UO-V.25 

l*W 

Anesthesia 

Anesthesia. 

iso 

Subcut. 

Subcut. 

Intrap. 

no- no 

70 (Opt.) 
:»<> 

Anesthesia 

Anesthesia 

Anesthesia 



00% die (4) May 

Large majority die (1) 24 : (-) M e a t and 

crackers ; (3) 20-2a ; 

(4) Summer 

(1) 24; (2) Liver, heart 
and bread 


Majority (00%) die (1) At least 12 


00% or more die (2) Standard 
First dose killing some 


00% or more die 


(1) 24 

(2) Standard; (5) Prelim, 
enema 

(1) 24 
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animals and investigatoiis 


Hoick and Kalla a 


Swanson and Shonle 


Hoick and Ka: 


Lower Primates 


Pulton and Keller 
weldman 


NUMUBIt OK 

animals. fatal sizes in cm. on ku. 

ItANGK IN ( ) SEXES 


3-1S Adult 
Females 
Adult 
Males 


la 

la 

la 

ISO (ISO) 


3-28 Adults 
Equal sexes 


Table III 


substance: the- 
pahed, or pure 

SOD. AMYTAL 


PERCENTAGE 

CONCENTRA- 

TION 


Pure (e) 

Pure 

Pure 

Pure 

Pure 

Pure 

Pure 

Pure 

Pure 

Pure 

Prepared 


Prepared 

Prepared 


< '° A civ e 0 n 0 hv n ’?fe.. l L?r l> n ti ,',!.a as . suc , h ’ Pllle soJlu '» »niytal lias been multiplied by the factor 
irmnm nt to sive ainytal. All rates in intravenous injections are in milli- 

grams or sodium amytul. 

(b) I lie species were: Girelln Xiirrienns* 5 • nn .i r-irp?. 


s i u/au rat us* * a ' C,,nocoltu * Analli,": Apomutb Cyanellus ami Care.- 


(15 males or 15 females). The reversal of the high mortality for the two 
sexes in the two middle groups with good similarity in the lowest and highest 
dosage, indicates that there was no clear-cut sex difference. Similarly, in the 
case of the dogs, one cannot draw any definite conclusion from Table IT. In 
view oi the fact that in both cases the combined survivals on all doses some- 


nliat favor the females (16 per cent more females survive in ease of the 
labbits and 11 per cent in case of the dogs), and because we have had to 
increase the sodium amytal dose by 5 mg. above the initial 60 per kg. more 
frequently in the females than in the males to produce surgical anesthesia 
(see Table III), it may be worth while to study this possible sex difference 
upon a large number of animals. 


Although the fatalities do not with certainty show any sex difference, 
Tables IV and V show that on the whole the female rabbits do not have theii 
bod}' temperatures nor their respiratory rates quite as much depressed as do 
the males, and that they recover faster than the males. Although it is not 


^eiy satisfactory to speak of a standard deviation for a few animals, oui 
a allies also indicate that some males recover as fast as the females, but most 
do not. We have only included the rabbits of the warmer months, because 
with temperatures of about 21° C. not only are the initial body temperatures 
and especially respiratory rates less, but the temperature falls are more niaikc 
and complicated by shivering. The standard deviations also bring out the 
enormous variations between recoveries in rabbits who have been given the 
same dose and are lying side by side. Furthermore, actually the lowest 
respiratory rate came in our readings at fifteen, thirty, or forty-five minutes, 
so respiration rates begin to recover at a time when body temperatures aie 
still falling (low point usually at second hour reading). Of course, most o 
the early workers with amytal reported depressed respiration rates and h° ( • 
temperatures, but as far as we know none reported upon any sex differences. 
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intkavi csors I.WIAI. ihjses u. 


Cont’d 


MHHOB OF AD- 
MINISTRATION 
AND MO. OF SOD. 
AMYTAL/ MIN. 


MIN. EFFEC- 
TIVE DOSE 
AS AMYTAL 
MO./KG. 

(a) 


CRITERION 
AB -- 

abolished 

u — REFLEX 


Intrap. 
Intrap. 
Intrap. 
Intrap. 
Intrav. 100 
Intrav. 200 
Intrav. 500 
Intrav. 750 
Intrav. 1500 
Intrav. 2000 
Intrav. 100 


50 

51 
50 

3G-45 


Anesthesia in <- ■? 
Anesthesia in 00 <; 
Anesthesia in 0-55 
Anesthesia in 9G.<, 
Anesthesia 


LETHAL 

DOSES 

AS 

AMYTAL 

MG./KG. 


03 

OS 

OS 

03 

30 

51 

5S 


criterion 


00% or 
00% or 
00% or 
00% or 
00% or 
00% or 
L h 50 


more 'lie 
more (lie 
more (He 
more die 
more die 
more die 


remarks o.n 

(1) STARVATION IN 

HOURS 

(2) DIET . , 

(3) ROOM TEMP. IN C. 

(1) SEASON 

( 31 MISCELLANEOUS _ 

( 1 ) Mixed 
(21 21 

(3) All year 

(41 May . 

(11 August 


(1} 21: (2) Mixed 

(31 21-27 

(4) Oct.-Jan. 



... variabilty in size, a careful comparison between 

As to the possible effect f ^ cent (fro m 1.62 to 1.94 kg.) and 

the mortality percentage of the lieaii 0 p simi]arfy , between the 10 

the lighter 50 per cent (from 1.41 > ' shows clearly 

heaviest and the 10 lightest within each of the tou in rega rd 

tot within to given to.ts ol je.gMs ■ to t « . » | , ooki , at the 

to fatality upon any given dose, ibis maj ats 


Table IV 


Changes in Rabbits’ 


Body ftawwnwB Under Intravenous Fatal Range Doses of 
Sodium Amytal 


room Temperatures 24.5 to 27.0° C. 


i average of 7 1 

l (75 mg./kg.) 1 

average of 9 
(80 MG./KG.) 

AVERAGE OF 4 
(85 MG./KG.) 

FEMALES | V — — 1 

^DEGREES ST ' | 

1 c deviation 

DEGREES ST. 

c. DEVIATION 

DEGREES ST. 

C. DEVIATION 

Normal j 

1 hour 1 

2 hours 

3 hours 

4 houra 

5 hours 

0 hours 

39.3 °-3 j 

37.3 °- 6 1 

37.2 0.6 

1 38.2 °- 8 

i 38.9 9.® 

[ qq o 0.5 

i 39.4 0.5 

39.2 O- 4 1 

i 37.1 0-7 

37.0 0- 6 

37.7 0.8 

38.2 0-7 

1 3.3.8 0.5 

| 39.2 0.3 

| 39.G 0.1 

37.3 0.3 

37.3 0.4 

38.2 0.5 

39.2 0.3 

39.3 0.2 

39.3 0.2 


MALES 

average of 8 1 

(75 MG./KO.) ! 

average of 3 

(80 MG./KG.) 

AVERAGE OF 10 
(85 MG./KG.) 

degrees st - | 

c _ DEVIATION l 

DEGREES ST. J 

C. DEVIATION j 

DEGREES ST. 

C. DEVIATION 

Normal j 

1 hour 

2 hours 

3 hours 

4 hours 

5 hours 

G hours 

39.2 u -“ ! 

1 30.9 

i 3G.G °- 6 

3G.7 0-3 

1 37.0 1-0 

i 37. S 1” 

! 38.5 0.9 

39.5 0.1 

| 3G.G 0.4 

! 3G.0 0.2 

I 35.9 0.1 

1 3G.2 0.4 

1 37.2 1.4 

i 37.0 1.1 

39.0 0.3 

36.5 0.8 

36.5 0.8 

36.9 1.1 

37.3 1.4 

37.9 1.4 

3S.2 1.2 
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Table V 

Changes in Rauhit.s ’ Respiration Hates Under Intravenous Fatal Range Doses 

or Sodium Amytal 


Room Temperatures 21.. I to 27.0° C. 


FEMALES 

AVERAGE OP 7 
(75 MG./lCO.) 

AVERAGE Oi’ 9 
(SO MG./KO.) 

AVERAGE OP 4 

(85 mg./kg .) 

REST. 

HATES 

ST. 

DEVIATION 

KKSI\ 

HATES 

ST. j 

DEVIATION 

RESP. ST. 

RATES DEVIATION 

Normal 


35 

230 

12 

224 7 

I hour 

37 

15 ■ 

23 

9 

23 1 

2 hours 

51 

24 

20 

S 

38 20 

3 hours 

74 

34 

43 

3S 

10S 43 

-I hours 

134 

05 

7S 

55 

194 33 

5 hours 

171 

04 

133 

50 

220 25 

0 hours 

219 

35 

193 

40 

259 22 


MALES 

AVERAGE or S 
(75 MG./KG.) 


AVERAGE OP 10 
(85 MG./KG.) 

RESP. ST. 

RATES DEVIATION 

RESP. ST. 

RATES DEVIATION 

RESP. ST. 

RATES DEVIATION 

Normal 

1 hour 

2 hours 

3 hours 

4 hours 

5 hours 

G hours 

221 21 

~30 10 

32 7 

35 0 

49 15 

84 50 

115 01 

235 10 

IS 7 

24 0 

30 3 

35 11 

71 49 

93 57 

237 20 

22 5 

32 15 

40 20 

OS 19 

S7 57 

115 07 


distribution of fatalities along the total range of weights for each of the four 
rabbit doses (Chart 1). On the other hand, in case of the dogs there is a 
higher mortality in the weight range of from 2.7 to 5.4 kg. (66 dogs) in the 
lower four dosages as compared with the range of either from 5.5 to S.9 kg. 
(55 dogs), or 9.0 to 23.5 kg. (59 dogs). The curve for the group of smallest 
dogs starts at a much higher level and is much less steep than either of the 
other two (actual mortality percentages for each of the six doses is 50, 5S, 
60, 60, 55, and 82, respectively, for this group). The main reason for this 
difference would seem to be the fact that in the smallest dogs the total dose would 
have been given in a very much shorter time than in case of a large one; thus, the 
very fastest total time for any one dog was one and six-tenths, and the very slow- 
est was fourteen and six-tenths minutes, whereas in case of the rabbits the values 
are five and three-tenths and eight and eight-tenths minutes, respectively. It 1S 
also possible that the very small dogs may be more of the lap or house-pet t-j P e > 
and therefore be slightly less vigorous. The difference is not due to any veiy 
unequal sex distribution within this group of small dogs (19 males and 2a 
females in the four lower groups). 

To get an approximate idea of what the L D 50 would be in the dog in 
the absence of extreme body weight variations, we have examined mortality 
curves for the middle two-tliirds of each series (total of 120 dogs ; approximate 
weight range of from 4 to 13.6 kg.), for the exact weight range of from 4.o 
to 13.5 kg. in each series (117 dogs), and for the exact range of from 5.0 to 
12.5 kg. within each series (96 dogs with not less than 15 in any of the six 






.«.uu — OK >»n., .* «■«“ - * 

The L D 50 Jrtonm.'e.l fn,,;. WUl 

amytal per kg. of clog, or only 1 »»-• *■ 

raUge ‘ , „ n «, m renort that repeated injections of 

Havilin, Drabkin, and b..lbe- <U D effect upon 

- ? -*■ w- ^dbvl^icopie 

the heart, liver, lung, mul kulmy «- 3 ” ' . , d rang es of intrave- 

the, organs. In order to see whether - ^ were ma de 

nonsly given sodium amytal injured ' hemotoxvlin and e0 sin. The 

from a large number of our dogs anc * hat were k iU e d from one to 

slides from those that died acutely and 1^ ^ theQ eompared with the 
eleven days after having been giyi “ we killed by shooting. Table 

tissues of 10 apparently normal dogs , „ ood deal 

Y shows that our street dogs, though apparently hea \ , 

of pathologic changes. 

Table VI 

Sunn art or Pathologic Changes in the bu>NEv ^vnd Licek in 

Amytal-Treated Dogs 


number 

or 


BOTH ORGANS 
NORMAL 


SLIGHT CHANGES 
IN ONE OR BOTH 


MOKE SEVERE 
CHANGES IN ONE OK 
BOTH ORGANS 


“Normal” dogs 
Acute amytal deaths 
Killed one to eleven 
days after amytal 


Dr. Homma reports: “The changes found in the liver were parenchymat- 
ous degeneration and fat infiltration and periportal round cell infiltration; in 
the kidneys, parenchymatous degeneration and interstitial round cell infiltration. 

“All these changes, except the interstitial round cell infiltration in the 
kidney, which was found three times only among the dogs treated i\ ith 
amytal, were also found among the supposedly normal dogs. Also, no rela- 
tionship between the changes and the dose of amytal given or the time after 
the administration could be established. »so it must be concluded that the 
pathologic findings in the liver aud kidney were not due to amytal. 


SUMMARY 

1. The introduction discusses the relative merits of the various factors 
which may modify amytal dosage and the desirability of clarifying tlie toxi- 
cology terminology by' tlie adoption of the median lethal dose (L D 50) as a 
common criterion of fatality, aud gives suggestions as to the manner of con- 
ducting mortality studies. 

2. Ten per cent freshly prepared sodium amytal solution was injected 
intravenously at a rate of 20 mg. per minute of sodium amytal per kg. into 
each of 120 rabbits, equal sexes, from 1.4 to 2.0 kg., divided into four groups 
of thirty each, and using differences of 5 mg. of sodium amytal between the 
groups. From the best straight line that fits the four mortality percentage 
points, the L D 50 comes out to he 75 mg. of amytal itself per kg. of rabbit. 
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The value is not readily comparable with those of other reports, for others 
used lower concentrations and faster or variable rates of injection. 

3. Similarly, the use of an intravenous rate of 100 mg', per kg. in 180 dogs, 
equal sexes, wide weight range (from 3 to 23 kg.), distributed among 6 
groups of 30 dogs each, and with 5 per cent increases in dosage, gives an 
L D 50 of 58 mg. per kg. of amytal itself. This value agrees closely with the 
valued reported by Swanson and Shonle' 1 - (1931) for a similar concentration 
and injection rate of pure sodium amytal. 

4. Within the weight range of the rabbits, size played no role in the 
fatalities. In the dogs, the low range of from 2.7 to 5.4 kg. gave a higher 
mortality rate in each of the lower four dosages. However, by eliminating 
the extreme weights in various ways, the L D 50 in each case comes out 59 
mg. per kg., or only 1 mg. higher than for the whole series. 

5. No definite sex difference in regard to mortality is established, but a 
large scale study is suggested to test whether the female rabbit and dog may 
be a little more resistant than the male. In regard to body temperature and 
respiratory rate, the female rabbits were less depressed and on the whole 
recovered faster than the males. 

6. No difference was found between mortalities in the warmer months 
of October and November as compared with the cooler months of December 
and January. 

7. Microscopic examination of the liver and kidney with comparison of 
these tissues of supposedly normal dogs show that there is considerable path- 
ologic change in our dogs and that no pathologic findings could be attributed 
to amytal. 

8. Finally, a comparative dosage table for amytal has been compiled 
from the literature with addition of our own values and enough information 
added to make it possible for others better to judge the accuracy of each of 
the proposed dosages. 

We are greatly indebted to Dr. William AX. Sliankliu for aid in preparing the tissues, 
and to Dean George II. Miller for helpful suggestions. 
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THE VELOCITY FACTOR IN BLOOD TRANSFUSION 


Thomas K. Hathmell, M.D., and Walter J. Crocker, V.M.D., 
- Philadelphia, Pa. 


S INCE the time of the Egyptian kings man lias tried to alleviate the suf- 
fering of his fellow men by introducing the blood of a healthy individual 
into the body of one who is ill. 1 This therapeutic procedure has persisted 
throughout the ages and has passed periods of acclaim and disrepute. The 
rationale of its use and the technic of its administration have varied from 
time to time. Our knowledge of transfusions has accumulated during these 
years. Many investigations have been made and pertinent facts have been 
ascertained, but the problem of transfusion reactions remains unsolved. 

In studying the responses to intravenous injections, Ilirshfeld et al. 3 have 
described a definite clinical syndrome which they term Speed Shock. This is 
characterized by an acute onset following the injection of a substance intra- 
venously and giving rise to salivation, vomiting, diarrhea, dyspnea, muscle 
atony or spasm coincident with changes in the blood and in the circulatory 
and respiratory systems resulting in a fall in blood pressure and respiratory 
distress. They were unable to elicit this syndrome when the injections were 
made slowly and point out the danger of giving intravenous medication rapidly, 
and suggest that posttransfusion reactions are due to a rapid injection of 
blood, especially where a syringe method is employed. They suggest that for 
clinical purposes a rate of 2 or 3 e.e. per minute should be the upper limit 
for amounts of over 100 c.c., and 1 c.c. per minute for smaller quantities. 

We have studied transfusions from the clinical aspect, maintaining a 
standard technic and utilizing only whole blood. While we could not control 
all possible variables in the clinical procedure as well as one might do in a 
laboratory test, because the life of a patient always was involved, we have 
utilized all the ordinary methods available to the clinician to enable a proper 
interpretation of our results. We wished to determine if velocity was respon- 
sible for any of our transfusion reactions. 


TECHNIC 


Throughout this study we have used the Drummond Apparatus. This 
machine is essentially one of the stopcock type, designed to overcome the in- 
convenience and risk of error encountered in the use of apparatus employing 


a similar type valve (Fig. 1). 

In this apparatus, as shown, it will be noted that the stopcock, which has 
three outlets, is mounted on the forward end of the machine. This nun es m 
unison with the rotation of the barrel upon the plug, which is fixed. All aii 
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displaced from the lumen by physiologic saline solution and during trans- 
fusion a constant hydrostatic saline pressure is maintained upon the syringe 
while the barrel is in the level position. The normal donor to recipient flow 
cannot be reversed because of mechanical locks, while at any stage ok the trans- 
fusion saline may be drawn into the syringe and given to the recipient or the 
lock on the donor’s side may be released, if the operator desires, and an in- 
fusion of saline given the donor. By no means are you able to aspirate the 
recipient’s vein at anv time. Volume is accurately recorded by a calibrated 
disc which turns one marking each time the 5 e.e. syringe is emptied into the 
recipient’s vein. This apparatus enabled us to use whole blood without the 



Fig. 1. 


addition of citrate solution or any form of anticoagulant, and the ease of 
mechanical operation allowed us to give our entire attention to tile reaction 
of the recipient. 

All parts of the apparatus coming in contact with the blood were steri- 
lized by boiling for twenty minutes. Other parts were immersed in alcohol 
or formalin solution for a like period. Our tubing was of an ordinary com- 
mercial type. We lubricated the steel piston with either sterile vaseline or a 
sterile cit rated vaseline preparation and packed the open end of the syringe 
with the same material. This step in the preparation of the apparatus was 
demonstrated to us by Dr. John Noeeker. It allows a thin film of grease to 
be spread over the inside of the glass syringe with each stroke of the piston 
and embodies the wax tube principle utilized by Hampton Brown. 10 After 



1208 


THE JOUKXAI, OF LAHOIiATORY AXD CiJXU’.U, MEDICINE 


each transfusion we cleansed the apparatus with physiologic saline, hydrogen 
peroxide, and alcohol or ether. 

We prefer that our donors always have a serologic examination, a typing, 
according to the Moss grouping, 1 and a cross-agglutination test with the re- 
cipient. We have found that the cross-agglutination test is never absolutely 
reliable unless observed for one hour. We know of no case in which we re- 
moved blood from a syphilitic donor. 

A surgical technic was maintained in preparing the extremity for trans- 
fusion. 12 Tincture of iodine, !P/j per cent, and alcohol of 70 per cent strength 
were used on both anterior and posterior aspects of the area not covered by 
sterile drapes. 

The pain incident to venipuncture was eliminated by a subcutaneous in- 
filtration over the vessel to be tapped of a 1 per cent sterile novoeaine solu- 




PROXIMAL 


DISTAL 


Fig. 2. — Showing vein held by suture material with single knot at 1 for retaining needle passed 
through incision at 3 and the blood current controlled by untied suture at i. 


tion. This procedure enabled the introduction of needles as large as 16 gauge 
without discomfort to either donor or recipient. When it was necessary to 
expose a vessel in order to introduce a needle into its lumen, we used novo- 
caine anesthesia, making a small incision in the skin and carrying it down to 
the areolar tissue. Blunt dissection with a mosquito hemostat was used to 
isolate the vein, and it was brought to the skin surface by passing two short 
pieces of fine catgut under it. Separation of the ties, as shown in Fig. 2, 
enabled us to maintain complete control of the blood flow through the ex- 
posed section of the vessel. After the transfusion was completed and the 
retention ties removed from the vein it returned to its normal position, tem- 
porary oozing was controlled by skin sutures and a pressure dressing. 

Five minutes before giving the recipient the transfusion we recorded his 
blood pressure, temperature, pulse, and respirati on, secured a complete blood 
count and a Schilling hemogram. Blood pressure was again recorded wit no 
five minutes after the transfusion and at the expiration of one hour, at w ne 
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time another blood count and Schilling hemogram were made, h mu , • ■ 
were made before and within twelve to twenty-tour hours after ■ tianstiwo n. 
Temperature, pulse, and respiration were recorded at one, two toul ’ a, S ; 
horns after transfusion. The following day another blood count and Sch.llm 0 

hemogram were secured. 

TUe recipient’s vein was tapped «rst. The needle being inserted m the 
direction of flow of the blood current. The efficiency <>E «■» venipuncture was 
tested by allowing at least 5 c.e. of the blood to flow into the synnge to winch 
the needle was attached and immediately reinjecting tins volume into the 
recipient's vein, his tourniquet having been released after the tap. \\ e mam- 
tained the patency of the needle by injecting 10 to lo c.e. of warm phjsio. 
logic saline, during which time the tourniquet on the donor's arm was tight- 
ened and his vein tapped, the needle being inserted against the blood current. 
Connection with the apparatus was then completed, and with the appearance 
of blood in the syringe, from which it displaced physiologic saline, we consid- 
ered the transfusion as started. Our estimation of total transfusion time in- 
cludes from this instant until we withdrew the needle from the recipients 
vessel. This was recorded by a stop watch. 

The tolerance of the recipient to the blood was estimated clinically by 
giving the first 150 c.e. with extreme caution. We consider tins a method of 
testing compatibility of bloods which should be regarded equally as important 
as the cross-agglutination test, providing the operator is trained in the clinical 
recognition, of reactions. We always informed the patients of what was being 
done” when practicable, and asked them to tell us instantly of any new sen- 
sation or pain which they might experience. The facies, carotid pulsation 
and finger nails were observed for signs of cyanosis, distressed 01 altered 
expression, loss of pulse volume or acute circulatory collapse with lesultant 
respiratory' distress and embarrassment. These signs have been found clinically 
an earlier indicator of transfusion reaction than the substernal oppression, 
headache, and vomiting which all textbooks list. 

Our estimation of velocity is based upon the total blood volume in cubic 
centimeters transfused, divided by the total transfusion time expressed in 
seconds. It is meant to accurately show the speed of transfer, 3 and is re- 
ported as cubic centimeters transfused per second. Velocity of transfusion 
depends upon the dexterity of the operator in temporarily connecting the 
donor’s and recipient’s veins. It is also influenced by the caliber of the 
needles used in the transfusion, it being impossible to propel in the same 
period of time, a given volume of blood through a needle of small caliber, as 
compared to one of larger lumen, providing we assume the propelling force 
to be the same. We have not attempted to approach the maximum in trans- 
fusion velocity but have maintained a standardized rate of transfusion which 
delivers the whole blood to the recipient in as near its natural condition as 
may he attained with present knowledge. 

The danger of sudden death during transfusion is often totally' absent 
from the operator’s mind if the laboratory studies are favorable for trans- 
fusion. We have always kept prepared and ready for instant use a hypodermic 
of adrenalin and one of atropine sulphate. 
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DISCUSSION 


These eases were assembled from the routine work in the wards of the 
Philadelphia. General Hospital. Our cases were not selected nor have we given 
any consideration, in recording our findings, to the metabolic, toxic or morbid 
state of the individual patient. We have studied a group of 37 patients who 
were given 50 transfusions. Thirtv-nLne transfusions consisted in the trans- 
ference of ordinary whole blood ; ten were of the nonspecific-immuno type 4 
and one was a citrated nonspecific-immuno transfusion. 

Our interpretation of a posttransfusion reaction was based upon the 
study of a composite clinical picture in each case. We considered a reaction 
as having occurred if the patient showed a sudden change of facial expres- 
sion; cyanosis; complained of acute pain; had a loss of vascular tone or 
respiratory distress; suffered a chill with an acute rise in temperature; dis- 
played a marked decrease in the number of circulating R.B.C. per c.mm.; 
and an associated increase in the Schilling hemogram “multiple index” 9 (left 
shift) of 75 multiples; it having been shown by careful study that these 
changes in the clinical picture were not due to pathology present before the 
transfusion and unrecognized. Available material from our study leads us 
to believe that an increase in the multiple index of 75 constitutes the hemo- 
graphy of a posttransfnsion reaction. 

Kordenat and Smithies 11 found that in successful transfusions the post- 
transfusion leucocyte count was two or four times greater than before trans- 
fusion. Drinker and Brittingham 8 considered a rise in temperature of 2.5° F. 
as a reaction to the transfusion of citrated blood. We feel that transfusion 
reactions will be best interpreted when the decision is made, not upon a single 
clinical or laboratory factor, but is decided after a thorough study of the 
composite clinical picture of the individual case. 

A total of 20,275 c.c. of whole blood was handled in this study, an average 
of 404 c.c. per transfusion. We considered the factor of acute cardiac dilata- 
tion only when the patient, obviously had right heart failure. Dehydration 
is often present with the anemia, and before compatible blood could cause 
acute distention of a heart not already overburdened, the many venous lakes 
and the expansile factor resident in the venous side of the circulation would 
have to be taxed enormously. Crile has shown according to Col. C. Gordon 
Watson that the work of the heart increases in geometric ratio to the volume 
of blood, which in our transfusions was small. During the World War it was 
customary to transfuse large volumes of blood, usually 700 to 1,000 c.c. 
Major L. Bruce Robertson, C.A.M.C. 7 states that these cases never showed 
cardiac dilatation. 


•The "multiple Index” indicates the number of times that a given shift is, greater tl 
normal. It Is obtained by multiplying the Schilling index by 16. The normal r 

1/16. The normal "multiple index" is 1. The Schilling index is the ratio of shift ceus i . 
and St, the inefficient neutrophiles) to Sg or segnienters. the efficient neuuop 

^ the Schilling index of an ill individual is 94, 2 + 4 + Jot 
= - 7 -, the “multiple index” is X 16 = 12. The Schilling index shows that there an. 


A1 J 
O + O + 
Sg _• 36 
4S 4g 


1 Inefficient to every 4 efficient neutrophiles and the "multiple index" shows that the 
1 ” times greater than normal, that the Schilling index of % contains twelve 16ths or 
tinles of the normal left shift. Crocker and Valentine: Hemography in Diagnosis, urogno 
and Treatment, J. Lab. & Ci,in*. Med. 1034. (In press.) 
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average 13.2 mm. Hg 
average 9.6 mm. Ilg 


Our studies showed that: 

Average Velocity of transfusion of whole Wood was 1.02 c.e, per second. 

Wood Pressure, — 

Five minutes after transfusion, 43 comparisons: 

Systolic, increased 30 times average 12.1 mm. ilg 

decreased 13 times average 14.0 mm. Hg 

unchanged 2 times 

Diastolic, increased 24 times 

decreased 14 times 

unchanged 7 times 

One hour after transfusion, 38 comparisons : 

Systolic, increased 20 times average 15.0 mm. ilg 

decreased 15 times average 10.1 mm. lig 

unchanged 3 times 

Diastolic, increased IS times average 13.S nun. Hg 

decreased 15 times average 12.0 mm. Hg 

unchanged 5 times 

lr.B.c. Count . — 

One hour after transfusion, 50 comparisons: 

increased 20 times average 3,071 per e.mm. 

decreased 30 times average 3,205 per e.mm. 

Twelve to twenty-four hours after transfusion, 31 comparisons: 

increased 12 times average 5,120.S per e.mm. 

decreased 10 times average 6,551.5 per e.mm. 

R.B.C. Count . — 

One hour after transfusion, 50 comparisons: 

increased 48 times average 380, S75 per e.mm. 

decreased 2 times average 712,500 per e.mm. 

Twelve to twenty-four hours after transfusion, 31 comparisons: 
increased 21 times average 500,523.S per e.mm. 

decreased 10 times average 429,500.0 per e.mm. 

Te.mperature. — 

Comparative readings at one, two, four, and sis hours after transfusion, 3S com- 
parisons: 

increased 33 times average 1.3° F. 

decreased 5 times average 2.8° F. 

Puli to. 

Comparative readings at one, two, four, and six hours after transfusion, 38 com- 
parisons: 

increased 29 times average 14l%.j heats per minute 

decreased 9 times average 34% beats per minute 

Urinalyues . — 

Showed no changes of significance. 

•SVhiUiug Jlrmoi/ram. — 

Oue hour after transfusion, 45 comparisons, of multiple index- 

increased 27 times average 17.1 multiples ’(left shift) 

decreased 19 times average 67.0 multiples (right shift v 

Twelve to twenty- four hours after transfusion, 29 comparisons, of multiple index- 
increase*! 12 times ... hhila. * 

deereabcd 17 times 
Pa thalnyic Report < — - 

Ultimate deaths 22 


average 37.S multiples (left shift) 
average 73.8 multiples (right shift) 


Autopsies 


15 
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In no instance was death attributable to any other cause than the pa- 
tient’s disease. We have personally cheeked the histologic specimens of the 
kidneys in each of the fifteen autopsies and failed to find Bordlev's post- 
transfusion kidney in any case. 0 

From an analysis of the composite clinical picture of posttransfusion re- 
actions in our series of 50 transfusions, we found but two that showed evidence 
of a reaction. One was of a delayed type and one was of an acute nature. 
These two reactions represented 4 per cent of the total transfusions. The 
delayed reaction was due to the use of a so-called universal donor, without 
a cross-agglutination test having been made. The acute reaction, which con- 
formed in every detail to Ilirshfeld's description of Speed Shock, was found 
on recross-agglutination of the donor and recipient to be due to a definite 
incompatibility of the bloods which had either been missed at the previous 
examination or the titer of the agglutinating sera had been raised by the 
reaction. 

Our observations to date include a series of over 125 transfusions of 
whole blood utilizing a similar technic. Two additional reactions have been 
noticed with the syndrome of Speed Shock in each case, but we have found 
that errors in compatibility were responsible for the reactions. There is a 
preponderance of opinion in the recent transfusion literature which emphasizes 
the fact that transfusion reactions are due to errors in compatibility (Parr 
and Krischner, 3 Pol ayes and Lederer." Bordley, 0 Kordenat and Smithies, 11 
also McClure and Dunn 13 ). 

While it has been held for years that the proper way to transfer blood 
was slowly, we have found that when the blood is compatible and untreated 
by extraneous chemicals, it may be given to the recipient according to our 
technic, at an average velocity of 1 c.e. per second without becoming a factor 
in the clinical picture of a posttransfusion reaction. We feel that keeping 
the blood out of contact with the vascular endothelium, which is its natural 
environment, for a prolonged period of time is undesirable. 

CONCLUSIONS 

1. The Drummond apparatus for blood transfusion is dependable and the 
mechanical principles which it embodies facilitate the transfusion of whole 
blood. 

2. Anesthesia with a 1 per cent novoeaine solution, as used in this stud} , 
eliminates the pain incident to venipuncture and should have a wider use m 
transfusion work. 

3. The Schilling hemogram may be utilized in the study of transfusion 
reactions. 

4. The Speed. Shock syndrome was not elicited in the transfusion of whole 
blood at an average velocity of 1 c.c. per second except in cases where an 
incompatibility was demonstrated. 

5. The study of a composite clinical picture is a preferable method o 
interpreting posttransfusion reactions. 

6. Further studies on the velocity of transfusion of compatible who e 

blood are desirable. 
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THE VALUE OF THE MONKEY FOR THE STUDY OF THE 
ACTIVITY OF PHENOLPHTHALE1X, ESPECIALLY IN CO. IP - 
ING DIFFERENT SAMPLES OF THE DRUG 


„ „ WirTT , M = To PhD , E. William Abramowitz, M.D., 

Edward F. Williams, jb-, x ^ 

AKD JOHN A. Killian, Ph.D., Abw York, a. Y. 


A MILLIONS of doses of phenolphthalein are taken annually in the United 
iVl states for the well-known laxative action which it produces. For s 
purpose two general types of phenolphthalein white and yellow (the more 
impure form), are placed on the market by manufacturers The yellow product 
induces a much more powerful action than the white. Abo there is a consid- 
erable variation in the activity of samples of phenolphtha em from dif- 
ferent manufacturers. Up to the present time the laxative activity of a par- 
ticular sample could be estimated only by the use of human subjects, under in- 
constant conditions. A method of assaying this activity by the use of the 
monkey has been developed in the work described here. 

All reports of the action of phenolphthalein in the lower animals fail to 
describe a laxative or purgative action similar to that in man except after rela- 
tivelv hu«e doses usuallv requiring repetition. Such effects have been recorded 
by Abel and Rowntree* in dogs, van der Willigen* in cats, and Fleig 3 in dogs 
and rabbits. Yamossy 1 obtained no laxative action in dogs after a dose of 5 
gm. and FiilmeK found the drug completely inactive in mice after 20 mg. were 
given. On the other hand Loewe and Lange 6 reported a softening of thc 


•Received for publication. November 13, 1933. 
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feces of mice after moderate doses (17 mg. per kilogram body weight), but 
failed to characterize their observation with a convincing description. 

Fleig 3 expressed the situation admirably in the following statement: “It 
is to be regretted that an action, so intense in the case of man, hardly develops 
at all in the ease of the animal and consequently cannot be studied with all 
the scientific precision of experimental analysis. Perhaps experiments per- 
formed on the monkey would be more fruitful; it would be interesting to try 
this animal.” During the twenty-five years following this recommendation, 
no record of any one's having tried it has come to our attention. 


EXPEUIMENTAE 

The samples of white and yellow phenolphthalein used in the experiments 
recorded here were made by the same manufacturer. The white was of 
U.S.P. grade and the yellow fulfilled all U.S.P. requirements except those con- 
cerning color. The latter possessed a very light canary yellow color in the 
powdered dry state, but in alcoholic solution showed a brownish yellow color 
modified by a slight fluorescence. 

A series of 14 young white rats, weighing from 35 to 190 gm. each, received 
doses up to as much as 000 mg. (weight of rat, 135 gm.) of white and 84 mg. 
(weight of rat, 105 gm.) of yellow. Of the more than 500 doses given, only 
2 (100 and 300 mg. of white phenolphthalein, respectively) were followed by a 
demonstrable softening of the feces. In both cases the rats failed to respond 
to a second and larger dose, furnishing further evidence of the inconstancy 
of the laxative action of phenolphthalein in the lower mammals. 

A series of 5 cats, weighing from 2.2 to 4.0 kg., were given massive (5 to 
10 gm.) doses of both white and yellow phenolphthalein in suspension in water 
or milk by stomach tube. Only repeated doses proved effective. 

A dog, weighing 18 kg., showed no laxative action after a dose of 10 gm. 
of yellow phenolphthalein. 

At this point we decided to try monkeys, although Fleig’s suggestion had 
escaped our attention. These animals (Macacus rhesus), weighing from 2.0 to 
3.5 kg., were found to be most suitable for the study of the drug. They were 
maintained on a regular diet of milk and eggs twice daily and fruits and vege- 
tables once a day. Bone meal, cod liver oil, and at times blood meal were 
mixed into their fruit meal. 

Each dose of phenolphthalein was accurately weighed on an analytical 
balance and then was quantitatively deposited in the interior of a piece ol 
banana and sealed in. On feeding the piece of banana the monkey was closely 
watched to ascertain whether he consumed the material entirely. More pieces 
of banana then were fed to insure complete ingestion of the dose. If the quan- 
tity was sufficient to produce laxative action the effect would be evident m 
any case within from three to twenty-two hours, but usually within from six 
to twelve hours. After such a dose the stools became formless and semifluid, 
or if the dose was much above the minimum they became actually fluid. The 
former type of action properly is termed laxative, the latter purgative. When 
a minimum active dose was given, the action was always laxative and cousistec 
of only a single action or of 2 or 3 at the most. 



III order to -Ubl* •»« 

quantities «£ tlie dnig » M S 1 2 ' 1 "' ]i urcM , eae l, successive trial at least 

“I'^^'i^Srlc, tor 'virile pl'enolpl.thaleiu in 9 — 
and for yellow in 5, ns shown m Table I. 

Table I 

w „.™ and Yellow Phexolphthaleix for Monkeys 

Minimum Therapeutic Doses os w m — = 


MOXKEY 


1 

1 

2 

3 

4 
4 

7 

8 

9 
fl 

10 

10 
11 


Average 


i WHITE 1 

!> II EXOLPllTII ALE1X 

YELLOW 

PHEXOLPHTHALEIX _ 

mg. pet kg. body 

weight 

2.8 

nig. per kg. body 
weight 

O.S 

0.7 

6.8 

3.0 

4.8 

5.0 

0.9 

1.3 

4.0 


4.1 


2.1 

2.1 

5.9 


5.7 

4.1 

0.6 

4.4 

1.4 


WHITE 
RATIO : yellow 


3.7 

2.3 


4.5 

2.7 

6.8 


It will be noticed that the dose for 4 monkeys was redetermined with 

lpvpl first established. The minimum dose 
practically no variation from the leYel n 

for different animals, however, varied quite widely, as does the dose f 
human subjects. In one instance (Monkey 1 ) t ere is ( p_ en ,, 

from the average ratio of the dose of white plienolphthalem to that of j ellow 
As is usual in the case of experiments with animals, therefore dependence 
should be placed rather in results obtained with several subjects than m those 

from a single animal. , „ . . , ,, , • 

The average doses thus obtained show the sample of yellow plienolphthalem 

to be about 3 times as powerful in laxative action as the white. This figure 
corresponds closely with the relative effect of these samples m human subjects. 
Other samples of plienolphthalem also have been assayed by using these same 
monkeys, and the results again confirmed the experience obtained with human 

subjects. . 

The field remains open for physiologic studies of the action of phenol- 
phthalein on monkeys, with results which may enlighten us further as to its 
action on man. 
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TIE FUNGICIDAL DOWER OP PHENOL DERIVATIVES 4 


I. Effect of Introducing Alkyl Groups and Halogens 


Glenn J. Woodward, ALA., Milton, Ore. 

With Lyle B. Kixgery, M.D., and Roger J. Williams, Pii.D. 


SIGNIFICANT of the unsatisfactory status of the present therapy of tinea 
infection is the large number of remedies used in its treatment. Consider- 
ing the increasing incidence of the disease, its marked tendency to recur, and 
the frequency with which it persists in spite of prolonged treatment, compara- 
tively few investigators have interested themselves in this particular problem 
of therapy. Apparently the first to do so were Bokorny 1 in Germany and 
Schamberg and Ivoliner- in this country. Others whose publications have ap- 
peared at intervals in this field are Myers and Tliienes , 3 Kingery and Adlcis- 
son , 4 Osborne and Hitchcock , 5 Schamberg, Brown and Harkins, “ Bonar and 
Dreyeiy Smyth and Smytli , 8 and Legge, Bonar and Templeton . 9 These studies 
indicated that such phenol derivatives as thymol and salicylic acid which 
have long been known for their clinical usefulness have a just claim to their 
popularity. They also indicated that there might he other phenol derivatives 
less irritating than thymol hut more effective toward fungi. 

In recent years numerous studies of the germicidal properties of alkyl 
phenol derivatives have been made. Included in these is the work of Lauben- 
lieimer , 10 Johnson, Hodge and Lane , 11 Schaffer and Tilley , 12 Klarmann and his 
collaborators , 13 Rettger, Plastridge and Valley , 11 Coulthard, Marshall and Py- 
man, w Read and Miller 19 and others. 17 ’ 18 > 19, 20 ' 21 Substitution of halogens in 
phenols has been studied by Koch , 22 Becliold and Ehrlich , 23 and Klarmann and 
Von Wowern . 24 

The present work was done in an attempt to follow up the work of Kingery 
and Adkisson 4 and find, if possible, derivatives of phenol which might be used 
internally as therapeutic agents. As a first step it was thought desirable to 
learn the effects on fungicidal properties produced by the introduction of 
various types of groups into phenol. 

Test Organisms . — The entire group of cultures used iu this work was ob- 
tained through the kindness of Dr. Fred Weidman of the University of Penn- 

•From the Department of Chemistry, Oregon State College, Corvallis, and Department 
of Dermatology, University of Oregon Medical School, Portland. Ore. 

Received for publication, November 17. 1933. 
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-I 0 f the following foiu- 

sylvania Medical School. The group are ku0 \vn to be of a patho- 

teen yeasts uul molds, practica i a 1 Cep balosporium, wiwpowm 

sonic nature— Ho nil ia tropical is bpo ^ Monilia Candida, Honda 

Juluum, Trichophyton Penicillin brevicaule, 

piiioyi, Monilia nwtalomhncnsis i)nmitis> Trichophyton purpureum. 

Cryptococcus histoUjticus, Coca 1fM . ivat ives of phenol were tested with 

Compounds Testcd.-^vty^n dema ^ ^ as a basis for com- 
regard to their fungicidal power. of tUe Plant Research Labora- 

parison. We are indebted to Dn h £urnisUing samples of the tour ethers 

tory-ofLehnandFinkforhrs kmdne^ ^ ^ compoU nd S were prepared m 

of resorcinol listed in the table. A 3 5 . die thyl phenol; 3, o-dibuty 

this laboratory. Included m tins P ^ q1 The m-eresol and p-chloio- 
phenol, n-amyl salicylate ; and-, . p0ses 0 f comparison two other con - 

phenol were purified bef oi e us . .wide were also tested. 

mou fungicides, iodine and mercuric cliloi , 


or H.OSOO M..VAT.VB 


sv 


EXPEUIMEXTALi 

Method of resiu.ff.-'The method ^or chanted Sabouraud’s 
fungicidal tests has been fo ^[olul media. This was prepared by addrng 
dextrose agar was used fo de rdu cose, and la gm. agai to 1,00 

10 gm. “Di£co”-Bacto peptone 40 • ° d t0 a p H of 5.2 to 5.4, it 

c.c. tap water. After the media bad be L ^ ounds pressure. The liquid 
was autoclaved for twenty mmu e ^. . , d pre pared in the same manner _ 

medium used was dextrose broth a j • were gr0W n on the solid media, 

with the omission of the agar. ° C in + n 15 c c of broth were planted with 
Culture tubes containing » om thor0U „Hy mixed and grown, seventy- 
a loopful of yeast from the stoc r u 1 > ° longer at room temperature 

two hours at 37.5° C. in case of the } easts 

in ease of the molds. . w hieh W as to be determined, was 

The compound, the fungicidal pou gd tQ the de sired concentration. 

dissolved in water whenever possi e solutions of alcohol, glycerol, 

In a few cases it was necessary ° J-ddute 

sodium carbonate or potassium . . d in a ste rile test tube was added 

To 2 c.c. of the drug solution^ ^ mol(L 

1 e.c. of the broth suspension ^ d at the end 0 £ one minute, thirty 

The mixture was then ^ were transferred to separate see- 

minutes, and sixty minutes se ^ a „ ar The plates had previously 

tions of a plate of Sa ^ oura " markin „ 0 n°the bottom of the Petri dishes 
been divided into quarters b » was ^ed as a control. Transplants 

with a wax pencil. The fourt q conta i n i n g 2 c.c. of sterile distilled 

were made to this section from 

water and 1 c.c. of yeast suspension^ depending upon the 

The plate tvas thou ““f ”J red 8eve „, 5 -ttv„ hoars at 37.5" C. 

organism being tested. The - 1 ^ results when ]eft at room 

while it was found that t le m * = j e f t a t room temperature for 

temperature at least a week. AH plates w ere 
three weeks when final readings is ere ta *en. 
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All tests were made at room temperature which varied from 19° C. to 
23° C. 

Choice of Throe Organisms . — Because of the large amount of work in- 
volved in the preparation of cultures it was found necessary to limit the 
number of organisms used. 

Preliminary tests made with the entire group showed that three organ- 
isms, Monilia Iropicalis, Sporotriehum, and Cephalosporium, were the most 
representative. Monilia Iropicalis has the appearance of a typical yeast and 
shows vigorous growth in the incubator. Sporotriehum seems to lie between 
the yeasts and molds in form while Cephalosporium is more nearly a true 
mold. The latter two organisms grow quite vigorously at room temperature. 
All three show more than average resistance to the fungicidal agents tested: 
All compounds were tested against M. Iropicalis which showed the highest 
resistance in all cases, while Sporotriehum and Cephalosporium were used 
as checks with all of the more effective compounds but not with the simpler 
phenols. 

Control of Environmental Factors. — Temperature: Since in the case of 
bactericidal studies an increase in temperature has been reported to cause 
a marked increase in the germicidal strength of various drugs, a few tests 
were carried out to determine to what extent the working temperature should 
be controlled for satisfactory results in fungicidal studies. 

An increase in temperature from 30° to 30° C. was found to increase the 
fungicidal ability of the drug slightly. However, the difference between the 
effect at 21° and that at 30° C. was small enough to make it seem unnecessary 
to take any special precautions to control the room temperature while making 
the tests. 

Solubility. — The most troublesome factor which had to be contended with 
throughout the work was the near insolubility of a large number of the com- 
pounds. An effort was made in every case to obtain an aqueous solution of the 
drug to eliminate any possible fungicidal action of the solvent. However, it 
was found necessary in a few cases to use 10 per cent alcohol, 1 per cent sodium 
carbonate, 30 per cent glycerol, and 0.5 per cent potassium hydroxide solutions 
as solvents. None of these solvents themselves were found to kill the organisms 
under the conditions of our experiments. 

It has been suggested that the insolubility of compounds may be closelj' 
connected with their ability as antiparisitic agents. 20 When a drug which is 
highly insoluble in water comes into contact with the lipoids of the cells m 
which it is more soluble, a rapid absorption of the drug by the cell is thought 
to result. All of the compounds which have been tested in this work and found 
to be highly toxic to yeast and molds are very slightly soluble in water. It was 
found that a water soluble, colloidal trade preparation of chloro thymol known 
as “clynioeol” was not as effective a fungicidal agent as the crystalline 
chlorothymol. 

While using 1 per cent sodium carbonate solution as a solvent, it was 
foxuid that the fungicidal power of a compound dissolved in the carbonate 
solution was less than that of the same compound in an aqueous solution. 
Salicylic acid dissolved in water at a dilution of 1-1500 is more effective as 



„ . «— » '’ EB,VAT ' V& ■ ' 

Mllt sodium carbonate at a 
a fuaguMe <V.m salicylic aoKl in a 1-500 a,|..cons so at .on . 

dilution o£ 1-500 or sodium ' jl ' ■ • jilorothym" 1 arc only al‘B > 

On the other hand, thymol, carvnco 1. mm 1<ls stronger aotd 

effective in a -o'- * “ *“““” " ,ed " 

properties are appaientl. 

tlian more weakly acidic sins atu.^ ^ ^ a ( , uin hydn»ne electrode the P ^ 


Ian uiuu »**.«—„* f Mimu vuiu»« — 

Hydrogen Ion Concentration.— >> Thp l per cent Xa.. CO : . solution 

i the dextrose broth was found to be • . •• • 1 o£ broth and 2 c.c. of 

sad a pH of about 9 as did also a mmtmc 

1 per eeut Na 2 CO, solution. carbonate solution did not 

It 1ms been indicated before C.at tin s [t is evident, there- 

prevent the subsequent -rowth o > ^ COIlcentra tion toward the basic 

fore, that a marked shift in t ie . |cidal ac tion. 

end of the scale does not P 1<K :„ es ^he results of the full* 

Results of Fungicidal Tests.— ^ e J U lected ‘ Thc maximum dilution 
gicidal tests made on the three and the phenol coefficient cal- 

of each compound effective at tlm , ls are given for each organism, 

culated by using the thirty-mmute tes • ■ ,. vidi t b e maximum effective 

The phenol coefficients were caleu a the , nax imum effective dilution 

dilution of a compound at thirtj mi • * g or „ an ism. Where not enough 

of phenol at thirty minutes when usm • - ble the determination of a 

tests were made with a compound indicated . 

definite coefficient, an approximate 

discussion 

f .. hU . that certain structural features are neces- 
It may be seen from the table t t ^ pf)Wer> Tht > substitution 

sary in a compound for it to possess r j n ,, - ux phenols increases the 

of one or more alkyl g r0 “P« pnf)1 c0( .ffi c ient depending upon the number 
fungicidal power, the lesu r- P Compoim ds containing an alkyl group 
of carbon atoms m the side . stra ;„ht chain have the highest co- 

with six carbon atoms arrange ^ fr() " pres . ent results. The position 
efficients as far as it is P*- alkyl groups makes no striking dif- 
m the ring occupied bj tn • • ln( ,ta and para compounds are 

ferenee although the work has shown that 

sli'ditlv stronger in fungicidal power. 

c ’ , stronger in fungicidal power than the correspond- 

Dialkyl compounds ■ ^ would anticipate that a dihexyl phenol 

i„ g monoalkyl fungicidal ability exeept that its me is probably 

would have a "T ... Jn t!u . cas( . 0 f the diliydrie phenols it has been 

prevented by its insolub. t • • substituted for a hydro- 

shown tiuit ,« - "J". I'';,’' , vdr U„ atom of the hydroxyl group, 

gen atom of the b n . reh0rc inol and the n-hexyl ether of re- 

The isomeric compounds, nm-v* , - , - , 

sorcinol. have coefficients which are nearly identical. 

The indications are, from the five compounds studied, that he introduc- 
tion of one or more nitro groups into phenols does not increase the fungicidal 

power materially. 
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Tadle I 

Fungicidal Tests ox Substituted Phenols 
(Time: Thirty Minutes) 


COMPOUNDS 


1 


10 

11 

12 . 

13. 

14. 

15. 

10. 

17. 

IS. 

10 . 

20 . 

21 . 

2 ° 

23! 

24. 

25. 

26. 
27. 
2S. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 
3G. 

37. 

38. 

39. 

40. 

41. 


Phenol 

o-Cresol 

p-CresoI 

m-Cresol 

4-OII-1, 2 Dimethyl benzene 
4-OH-l, ,‘i Dimethyl benzene 
2-OII-1, 3 Dimethyl benzene 
-'OH-1, 4 Dimethyl benzene 
3, 5-Diethyl Phenol (0.5% 
KOfI) 

3, 5-Dibutyl Plienol (1% 
NaXO,) 

Thymol 
Carvacrol 
o-Nitrophenol 
m-Nitroplienol 
p-Mitroplienol 
2, 4-Dinitrophenol 
(1% Na,CO,) 

2, 4, G-Trinitrophenol 
(1% XaX'O.) 

. o-Chlorophenol 

■ m-Chlorophenol 
. p-Chlorophenol 

■ o-Bromophenol 
. p-Bromophenol 

o-Iodophenol 
0 - Hydroxy benzoic acid 
m-Hydroxy benzoic acid 
p-Hydroxv benzoic acid 
Sodium salicylate 
n-Amvl salicylate 
(20% alcohol) 

Catechol 
Resorcinol 
Hydroquinone 
11 -Hexyl resorcinol 
(30% glycerine) 
n-Butyl ether of resorcinol 
n-Amyl ether of resorcinol 
11 -Hexyl ether of resorcinol 
Phenyl propyl ether of re- 
sorcinol 
Cliloro thymol 
“Clymocol” 

2-C1-5-OH- toluene 
Iodine 

Mercuric chloride 


-If- Tropiculis 

EFFECT. PHENOL 

DILN. COF.FF. 

L0~ 

2.3 
2.5 
2.G 
C.G 
0.3 

5.3 
4.7 

2G.G 


Cephalosporin m Sporotrkhum 

EFFECT. PHENOL EFFECT. mrpvni 


1-75 

1-175 

1-190 

1-200 

1-500 

1-475 

1-400 

1-350 

1 - 2,000 


1 -+ 1 1,000 ± 1G0.0 


1 - 2,000 

1 - 2,000 

l-±500 

1-+400 

1-+400 

1-±200 

l-±400 

1-275 
1-300 
1-300 
1-500 
1-500 
1-750 
1 - 1,000 
1 -±500 
l-±500 


2G.G 

2G.G 

±G.G 

±5.3 

±5.3 

±2.G 

±5.3 

3.7 

4.0 

4.0 

G.G 

G.G 

10.0 

13.3 

±G.G 

±G.G 


MLN. 

CO EKE 

DILN. 

com\ 

1-110 

1.0 

1-150 

1.0 









1-2,000 

is.2 

1-2,500 

1G.G 

1-3,000 

1-2,500 

27.3 
22 7 

1-3,000 

1-3,000 

20.0 

20.0 





















1-2,000 

is.2 

1-2,000 

13.3 


1-500 

G.G 





1 -±4,000 

±53.0 





1-50 

0.G6 





1-25 

0.33 





1-25 

0.33 





1-15,000 

200.0 

1-17,000 

154.0 

1-20,000 

133.0 

1-1,500 

20.0 

1-2,000 

1S.0 

1-4,000 

26.G 

1-4,500 

GO.O 

1,7,000 

63.6 

1-9,000 

60.0 

1-11,000 

14G.0 

1-17,000 

154.0 

1-22,000 

146.0 

1-7,500 

100.0 





1-8,000 

106.6 

1-10,000 

146.0 

1-20,000 

133.0 

l-±5,000 

±66.0 

l-±5,000 

±45.0 

l-±5,000 

±33.0 

1-1,000 

13.3 

1-1,500 

13.6 

1-2.000 

13.3 

1-20,000 

2G6.0 

1-20,000 

1S2.0 

1-30,000 

200.0 

l-±20,000 

26G.0 




Approximate ’ ; insolubility of the drug made more accurate estimation impossible. 


Hie substitution of halogen atoms in phenols increases their fungicidal 
ability several times. It is worth noting that both in the case of phenol and 
thymol, the introduction of a chlorine atom increases the fungicidal power 
the same amount, namely fourfold. A substituted iodine atom has a greater 
eifect than a bromine atom ■which in tuz*n produces a higher phenol coefficient 
than does a chlorine atom. The substitution of halogen atoms also decreases 
the solubility of the compounds. Again the position on the ring taken by the 
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. . effect upon the fungicidal power, 

substituted halogen atom has no < v 0CCU pied by substituted 

In contrast to the statement that the pomtmn 000 ^^ J & 

alkyl groups or halogen atoms is l ‘‘!"” P ^ is ‘ U been sll0Wn to exert an effect 
group substituted in the ortho >po. ^ {n the meta 0 r para positions, 

more than twice as great as \shei • • _ .t nosition increases the 

The substitution of the carboxyl group m ■ U « ° ° short alkyl 

fungicidal power o£ phenol more than does a halogen 

side chain. , . ,,., 1-1 resorcinol and 

Of the phenol derivatives which ia\ e een^ fungicidal power followed 
the n-hexyl ether of resorcinol possess ° v ‘ e usef ° t in t } ie treatment of 

closely by chlorotliymol. A 1 ^ eiu „ P sub j ecte d to clinical trial. The 

fungous skin infections and all ai ° in t as W ell as 3.5-dibutyl 

n-butyl, n-amyl and phenyl propyl e leis warrant further 

pheool have exhibited anient jTJSrSS* «d as fungicides 

study. Thymol, carvaerol and sa y treatment of skin 

and have given fairly satisfactory results m the actual 

infections. Po&t&rieidal Power . — A close relation- 

Fwjiculal Power * r has been observed throughout 

ship between fungicidal and b act dilution of phenol which will 

this study of nearly t\e same as the maximum dilution 

kill ilf. tiopicalis, (1 ) - dibvdric phenols, hydrogninone, resor- 

(1.80) which kills S. *«*»««• 2’ 0 j is th an one on both bacteria (B. 
einol and catechol have coefficien . p. 

UjpU,^ and Staph, aureas V and fungous organisms (IE. ™ “ 

efficient (2.5) for ^s^taiimd wheai^isin'gjU. tropicalia. 

P /T ; “TT^rehaklnereases, in alkyl substituted phenols, how 
ever^the'^mnol coefficients increase but more rapidly if the tests are made 
wffh’ fungous organisms than when bacteria are used Thus hexyl resorcinol 
has a coefficient of 200 with U. iropkatu, 154 with Cephalosponuin, and 133 
with Sporotrichum, all fungous organisms, while the commonly accepted co- 
efficient for the same substance on B. typhosus is approximately 46. li 
difference may be due in part to the use of a different method of calculating 
the coefficients An interesting comparison may be made between the results 
obtained by Klarmann- and those obtained in this work with the monoethers 

of resorcinol. „ 

Table II 

Phenol Coefficients 


n-butyl etlier of resorcinol 
n-amyl ether of resoreinol 
n-hexyl ether of resoreinol 


B. 

phosus 
■ORTED BY 

Staph. 
Aureus 
KLARU ANN ) 

M. 

Tropicalis 

Cephal- 

oaporium 

Sporo- 

trichum 

20 

IS 

20 

18 

20.6 

3S 

30 

60 

01 

00 

-40 

125 

110 

151 

110 


SUMMARY 


1. The fungicidal powers of 37 derivatives of phenol and of two miscel- 
laneous fungicides, iodine and mercuric chloride, have been determined by 
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using as test organisms Monilia tropicalis. Cephalosporin m, and Sporotriehum. 
These organisms were selected after preliminary tests as being typical of a 
large group of pathogenic yeasts and molds. 

2. The position taken by the substituted alkyl side chains and halogen 
atoms has been found in general to have little effect on the fungicidal power 
of phenols; on the other hand salicylic acid, a phenol derivative having a 
carboxyl group in the ortho position, is far superior as a fungicide to the 
isomeric meta- and para hydroxy benzoic acids. 

3. It has been shown that there is a definite increase in the fungicidal 
power of the alkyl phenol derivatives with an increase in the number of 
carbon atoms of the side chain; that in dihydric phenols the substituted alkyl 
radical may take the place of a hydrogen atom of the benzene ring or of a 
hydrogen atom of the hydroxyl group without causing any significant varia- 
tion in the fungicidal power. 

4. The substitution of halogen atoms has been found to increase the fun- 
gicidal power from four to ten times; the fungicidal strength increasing from 
chlorine through bromine to iodine. The introduction of nitro groups into 
phenols does not increase the fungicidal power. 
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LABORATORY METHODS 


OBSERVATIONS ON THE TECHNIC OF THE FRIEDMAN 
TEST FOR PREGNANCY* 


A. M. Young, M.D., Cleveland, Ohio 


TN A RECENT address Dr. T. B. Magatli 1 editor of the American Journal of 
Clinical Patholoyy, made the following statement: “Although clinicians have 
scientifically studied the signs of pregnancy for more than 5,000 years, recently 
devised simple laboratory tests can detect pregnancy earlier and more accurately 
than any set of clinical observations yet perfected.” 

The first practical laboratory test for pregnancy was introduced in 1927 by 
Asehhcim and Zondek. 2 It consists of six subcutaneous injections of urine twice 
daily for three days into five immature mice, followed by inspection of the 
animals’ ovaries one hundred hours after the first injection. The presence of 
blood points and lutein tissue constitutes a positive reaction. Aschheim and 
Zondek reported a series of 1,400 tests with 9S.5 per cent accuracy. The test 
has now been performed throughout the world in many thousand cases, and its 
reliability fully established. The material in the urine responsible for the re- 
action was called prolan and was considered to consist of two anterior pituitary 


hormones. 

The hypophyseal principle was found by Zondek in the hypophysis, in cer- 
tain extracts of other organs, in placental tissue, decidual tissue and perhaps 
most important of all in the urine of pregnant women. A small quantity (about 
one mouse unit) was found in the urine of nonpregnant females and as much 
as from 3,000 to 5,000 units in pregnant women. This observation led Aschheim 
and Zondek 3 to propose the demonstration of a large quantity of prolan in the 
urine as a test for pregnancy. Although there is some question as to the site of 
origin and nature of prolan, the evidence seems to favor the view that it is an 
anterior hypophyseal secretion and that because of the presence of the living 
placental tissue in the pregnant woman it is formed continuously in very large 
amounts and excreted in part in the urine. 

The pregnancy test was the outcome of animal experiments by Zondek 
in the study of ovarian function. These studies of Zondek in German) 7 and those 
of P. E. Smith 4 in this country in 1926 were the first to reveal that sexual 
maturity was controlled b) 7 the anterior hypophysis and that hormones from 
this body initiate follicle ripening, ovulation and luteinization. 


♦From the Laboratory Department, Mount Sinai Hospital of Cleveland. 
Received for publication, October 21, 1933. 
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In 1929, Friedman 3 recommended the use of a single mature rabbit to re- 
place the live immature mice of the Aschheim-Zondek test. In the rabbit there 
is no periodic ovulation or luteinization of follicles and these changes normally 
occur only after copulation, consequently the mature female rabbit isolated fiom 
the male for a period of several weeks is an ideal animal for demonstrating 
the effect of prolan. In addition to the simplification of the pregnancy test by 
the use of one rabbit, the time required is shortened from one hundred hours 
to forty-eight hours. The technic suggested by' Friedman* in 1931 consists in the 
intravenous injection of -1 c.c. of a voided specimen of urine (thiec times daily 
for two clays), a total of 24 e.c., into a mature female rabbit previously' isolated 
for at least three weeks. About forty-eight hours after the first injection the 
ovaries are examined at autopsy'. In a positive test the ovaries are enlaiged, and 
show a number of prominent hemorrhagic follicles. In a negative test the ovaries 
are white, and while ripe follicles 1 to 2 mm. in diameter may be seen these 
contain clear colorless fluid. 

Since the original publication by Friedman 3 a large number* of tests for 
pregnancy, using rabbits as tire test animal, have been reported in this country 
confirming his results. 

The results of the 350 tests performed at the Mount Sinai Hospital of 
Cleveland are shown in Table I. 

The earliest positive test in this series was thirty-two day's after the last 
menstrual period. 

Table I 

Summary or 350 Friedman Tests at itot'ST Sinai Hospital or Cleveland 


Total tests 

True positives (uterine pregnancy) 

True positives 

(intact ectopic pregnancy) 

(hydatid mole) 

False positives (tumors) 

False positives (tuberculous oophoritis) 

True negatives 

Hot pregnant 

Delayed menses 

Fibromyoma uterus 

Acute pelvic inflammatory disease 

Chronic pelvic inflammatory disease 

Tuberculous pelvic peritonitis 

Carcinoma cervix 

Ovarian evst 

Subacute endometritis 

Postpartum 

Menopause 

Ectopic pregnancy (no intact chorionic villi) 
Polypoid endometrium 
Hydatid mole (postoperative) 

Carcinoma breast 
Carcinoma ovary 
Benign tumor of scrotum 
Sarcoma of uterus 

Fibromyoma with sarcomatous change 
Male urine (200 c.e.) 

False negatives 

Doubtful (early tests of scries) 

Experimental 


350 

92 


1 

1 + 2 in males 
1 

131 

<19 

12 

10 

1 

1 

10 

7 

4 


1 

1 

1 

1 

1 

1 

1 

1 

1 

5 

114 
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The one false positive and the one false negative test will be discussed later. 
Tests were done in four cases of tubal pregnancy, two of which were positive 
and two negative. On microscopic examination of the fallopian tubes intact 
chorionic villi were present in both cases which were positive while in the negativu 
cases the villi were degenerating or necrotic. 

In the case of hydatid mole the preoperativc specimen of urine gave a 
characteristic strongly positive reaction and a negative result was obtained on 
testing the urine twelve days postoperatively. In the cases of tumors other than 
hydatid mole three gave positive results and twenty-two gave negative results. 
Of the three positive tests one was a female with a clinical diagnosis of teratoma 
of the ovary and the other two tests were in the case of a male with a clinical 
diagnosis of teratoma of the testis. The urines from the cases of teratoma of the 
ovary and of the testis were obtained through the courtesy of Dr. D. Seecor of 
City Hospital, Cleveland. The negative tests included various types of benign 
and malignant genital tumors as shown in Table I. 
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Fig. 1. — Gross photograph. Natural size. Rabbit ovaries. Gross appearance of positive test 
of one, two, three and eight days’ duration and of negative test. 


OBSERVATIONS RELATING TO THE TECHNIC OF THE FRIEDMAN TEST 

Many minor modifications of the technic of the Friedman test have already 
been reported in the literature. 

A. Selection of Animals . — Of first importance is the selection of proper 
animals. Some workers have used animals from three to four months of age. 
Friedman 6 recommends the use of rabbits after bearing young for biologic assaj, 
as these animals give the most constant response to a given dose of the hormone. 
For routine use, however, ordinary domestic female rabbits weighing from 2 to 
4 kg. give satisfactory results. 

As in other biologic tests the rabbits are found to vary considerably in 
their reaction to a given dose of hormone. In a series of 55 mature rabbits, 
each of which was injected with 30 e.e. of pooled urine from pregnant women, 
49 gave characteristic positive reactions, 4 gave minimal or grossly dou U 
reactions, and 2 were negative. One of the two negatively reacting rabbits gave 
a negative result on repeating the test with a 10 e.e. dose but a positive iesu 
on injecting 20 c.c. The other was not retested. 
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As stated above the rabbits must be isolated from male rabbits or other 
females for a period of three weeks before injection. Some workers have 
eliminated this period of isolation by preliminary laparotomy and selection of 
those animals that have obviously not experienced hypophyseal stimulation foi 
several weeks, with ovaries showing ripe or nearly ripe follicles with clear fluid 
hut no hemorrhagic areas or corpora lutea. 

The importance o£ ioepectio.. of the ovaries before seleetion of the animate 
was emphasized bv Wood” who stales: "Wo attach much importance to the 
preliminary inspection of the ovaries as we feel that this gives ns an .deal op- 
portunity for correctly interpreting the actual changes brought about by the 
anterior pituitary hormone present in the urine. This procedure is m our ju g- 
ment the best possible control of the test. 

"We have followed this suggestion in 17S tests and recommend its use as 

strongly as does "Wood. 



Pig. 2. 



Fig. 


Fig. 2. — Photomicrograph. Low power. P.abblt ovary. Normal ripe follicle. 

Fig. 3. — Photomicrograph. Hish power. P.abblt ovary. Normal ripe follicle, showing 
granulosa cells and theca. 


Of the 178 rabbits in which preliminary inspection of the ovaries was done, 
three showed corpora hemorrhagica, seven showed corpora lutea, four showed old 
areas of hemorrhage, and seven were found to be pregnant. These findings show 
the necessity of isolating rabbits several weeks or more for the complete involu- 
tion of corpora lutea before the animal is in a satisfactory condition for the test. 
In the ease of the seven rabbits (recent purchases) which were found to be 
pregnant on preliminary inspection, the test would have had to be repeated as 
Friedman has shown that, during the pregnancy, the rabbit requires a larger 
amount of the hormone to produce corpora hemorrhagica than it does in the non- 
pregnant state. 

Of the 3 rabbits showing corpora hemorrhagica, one had not been used 
previously and had been isolated for a period of three weeks, the other 2 had 
been positive about four weeks previously. Of the 7 rabbits showing corpora 
lutea, 4 were recent purchases, isolated about one week, the other 3 had been 
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positive from one to two montlis previously. Of the four rabbits showing old 
areas of hemorrhage one was recently purchased and isolated only several days, 
the other three had given positive results, from one to two and one-half months 
previously. 

It will be noted from the above figures that the majority of corpora hemor- 
rhagica and old areas of hemorrhage (the changes which would lead to false 
positive results) observed from three to ten weeks after hypophyseal stimulation 
occurred in animals which had been used previously and in which positive results 
were obtained. In our experience 4 out of 5 rabbits as purchased in the open 
market were satisfactory upon preliminary inspection for immediate use in the 
Friedman test. In those as purchased on the market and isolated for the pre- 
scribed period of three weeks only one showed a corpus heinorrhagicum and 



Fig. 1. Fig. 5. 


Fig. 4. . . power. Rabbit ovary. Positive test of twenty-four 

hours’ (Jurat . 


Fig. 5. — Photomicrograph. Low power. Rabbit ovary. Positive test of forty-eight hours 
duration (early corpus luteum). 

might have given rise to a false positive result. The preliminary operation, 
therefore, is of particular value in animals previously giving positive results, the 
pei’iod of complete involution in these artificially pi’odueed corpora hemor- 
rhagica being variable and in some instances requiring longer than three weeks 
(see Fig. 10 of subinvoluted ovary). 

All of the rabbits were isolated from other rabbits as soon as purchased and 
were kept in individual pens at all times. 

B. Anesthesia . — The anesthetic generally employed for laparotomy has b een 
ether, although the use of sodium barbital and avertin 10 and other anesthetics 
has been reported. In the series of tests reported here morphine sulphate was 
injected intravenously and found most satisfactory. While the majority of ' tess 
were done using a half grain of morphine for rabbits weighing from 2 to k A- 
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Fig. 6.— Photomicrograph. High power magnification ot rabbit ovary. Luteinizing follicle 
shosvlng°pioUferation ot granulosa cells anti of theca. 

Fig. 7, photomiciograph. High power Rabbit eviiry. Corpus luteum of forty-eight 

hours’ duration showing proliferation of fapillailftA 

Urine for Injection .— In order to avoid doubtful and false negative re- 
sults, the urine to be tested must be a satisfactory specimen. The patient is 
instructed to restrict fluids the evening before the specimen to be tested is 
collected, to void before retiring and to promptly bring the first voided morning 
specimen to the laboratory. The urine should be of a specific gravity of 1.015 
or more. The amount of urine injected intravenously by different workers has 
apparently varied more than any other single detail of the test. Friedman' 
first recommended a single dose of 5 e.c. Later 7 he recommended the use of 24 
e.e. in six doses of 4 e.c. each. Other workers have used single doses of 10 e.c., 
2 doses of 10 e.e. each at twenty-four-hour intervals, and still others have injected 
concentrates of the hormone obtained by alcohol precipitation. The tests in the 
first half of mir series were done with a single injection of from 10 to 15 e.e. At 
present we regard 30 e.c. in two doses of 15 e.c. each as more advisable. The 
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doses are given four hours apart in order to avoid injury to the rabbits by a 
large amount of urine which is always somewhat toxic. 

The use of a large amount of urine does not lead to false positive results, 
since as much as 100 c.c. of urine from nonpregnant women have been injected in 
divided doses and the equivalent of 200 e.e. of male urine concentrated by 
alcohol precipitation have been injected in a single dose without producing false 
positive results. 

In a certain number of cases (3 per cent in this series), the urine on injec- 
tion proves toxic and results in the death of the animal. The urines in this series 
which proved toxic were either turbid with bacteria or were obtained from 
patients who were receiving medication. The urine may be purified before 
injection into another rabbit by the method-rccommended by Zondek as follows: 
The hormone is precipitated bv adding five volumes of fbl per cent alcohol to 60 










Fig 1 . 8. — Photomicrograph. Low power. Habbit ovary. Positive test of seventy-two 
hours' duration (corpus luteum). 

Fig. 0. — Photomicrograph. Low power. Rabbit ovary. Positive test showing follicles of 
eight days' and of twenty -four hours* duration. (Corpus luteum, corpus hemorrhagicum.j 

c.c. of urine. The precipitate is collected by centrifuging in large tubes, and the 
supernatant fluid is discarded. The precipitate containing any anterior pituitary 
hormone present is dissolved in as small an amount of distilled water as possible 
and extracted by shaking for fifteen minutes with three volumes of ether to re- 
move the toxic substances. Folliculin is also removed by the ether extraction. 
The ether washings arc discarded and the excess ether removed from the solution 
by aeration. The solution is then made up to about 10 e.e. with distilled watei 
and injected slowly in a single dose. The 60 e.e. volume is chosen to allow foi 
loss of about one-half of the hormone in handling. 

D. Examination of Ovaries . — While in general one hundred hours is the 
time interval allowed when using the immature mouse as the test animal, Zondek 
has reported a method of shortening the time of the mouse test from one hunc iei 
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to seventv-two hoars. The modification is as follows: A 30 c.c. sample of urine 
is extracted with three to four volumes of ether. The ether washes are dis- 
carded and 0.9 gm. of glucose is added to the urine residue. The usual injections 

are then given. 

In the test using the rabbit, Friedman 3 recommends forty-eight hours, and 
this is the time interval which has been generally adopted. .Normally after 
copulation, twelve hours are required for the development of corpora hemor- 
rhagica in the rabbit ’s ovary. 

In a negative test the ovaries are white, and while numerous ripe 
follicles may be seen, there are no areas of hemorrhage present. In a 
positive test at forty -eight hours the ovaries are large, and show a number of 
hemorrhagic follicles which arc easily recognizable grossly. Microscopically not 
only is hemorrhage in the follicles striking but there are also a number of 
apparently recently proliferated capillaries and the presence of one or more 
layers of maturing lutein cells. 

The gross and microscopic examination of the ovaries (see Figs. 1 to 9 mol.) 
removed at intervals of from one to thirteen days after injection of urine from a 



riff. 10. — Gross photograph. Natural size. 

days after injection 


Rabbit ovary. Subinvolution of ovary (twenty-eight 
of urine of pregnant woman). 


pregnant woman show important changes in the development of corpora lutea 
from the ripe follicles. At the end of twenty-four hours some of the follicles 
show a small central area of hemorrhage and lutein cells one or more layers in 
thickness apparently developing from the granulosa cells and from those of the 
theca interna. There is also visible in some of the follicles evidence of prolifera- 
tion of new capillaries. It is probable that the hemorrhage in the corpus hemor- 
rhagicum is due not to rupture of the follicle at ovulation but to bleeding from 
capillaries proliferating to maintain the developing corpus luteum. This view 
is supported by the fact pointed out by Friedman 3 that corpora hemorrhagica 
and corpora lutea may he formed whether or not ovulation occurs. In addition 
to maintaining the corpus luteum newly developed capillaries share in the organ- 
ization of the follicular hemorrhage. At the end of forty-eight hours some of the 
follicles show larger areas of hemorrhage and a thickened collar of lutein cells, 
and quite a number of others show changes characteristic of the twenty-four-hour 
reaction. At the end of seventy-two hours the follicles show, in addition to 
more lutein tissue, well-developed evidence of organization of the central hemor- 
rhage. By the fifth day the process is quite distinctive grossly, and at the end 
of a week the corpora lutea are prominent and unmistakable. Ovaries at five- and 
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eight-day intervals show follicles which grossly and microscopically' can be dated 
as fully developed one-, two-, three-, five-, and eight-day reactions, indicating 
that the stimulus of the hormone is exerted continuously for about eight days. 

Sections stained with Selmrlaeh It. show a scanty deposit of lipoid globules 
in the lutein cells as early as twenty-four hours and increasing amounts of 
lipoid in the older lutein cells. Those of three and five days show abundant 
globules. 

The majority of workers have accepted gross inspection of the ovaries as 
sufficiently characteristic for a final diagnosis in the test for pregnancy. While 
in the vast majority of instances we have found it satisfactory, our one false 
positive reaction would have been avoided by microscopic examination. This 
animal was injected with urine from a ease of extensive tuberculous salpingitis 
and oophoritis, and forty -eight hours later showed hemorrhagic follicles. The 
test was repeated in two separate rabbits, both of which showed similar hemor- 
rhagic follicles in the ovary which were grossly indistinguishable from corpora 
hemorrhagica. Microscopic examination, however, showed that there were de- 
generative and necrotic changes in the wall with hemorrhage into the follicles 
but no evidence of lutein tissue formation. 

After surgical removal of the affected ovary and fallopian tubes of the 
patient, the Friedman test was negative on repeated trials. 

These findings were further controlled by the injection of urine from five 
eases of advanced pelvic tuberculosis which we obtained from the Cleveland City 
Hospital through the. courtesy of Dr. A E. Wolpaw. All of these rabbits gave 
negative results. In 42 tests subsequent to this error all positive tests were con- 
trolled by removing one ovary at laparotomy and examining it microscopically 
for lutein tissue after frozen section. These operated animals may be used for 
a second Friedman lest in about four weeks. 

The one false negative test was obtained in the first half of this series when 
a single dose of In c.c. of urine was used. The specimen of urine had a specific 
gravity of 1.014. On repeating the test three weeks later ; using the same rabbit 
and 15 c.c. of urine with a specific gravity of 1.028, a positive result was obtained. 

Some workers have retested the animals giving negative results in cases tor 
diagnosis with known positive urine. In the light of the variable reaction 
capacity of the animals this method of control is certainly indicated especially 
when less than 30 e.e. of urine is injected. In the latter part of our series 29 
negative tests were controlled bv'injection of positive urine and this control of 
negative tests is now a routine procedure. 

Since freshly voided urine from a known case of pregnancy is not always 
available for injection, the majority of the controls on negative tests in oin 
series were done with concentrated urine. The concentration may be carried 
out as described above for detoxifying urine. For concentrating large amounts 
of urine the original procedure has been modified in order to reduce the amount 
of reagents required. The method is as follows: 500 c.c. of 95 per cent alco io^ 
arc added to 1,000 c.c. of pregnancy urine in a shallow pan and the mixture 
evaporated to dryness by fanning (in a hood). The sediment is taken up 111 
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‘200 c.c. o£ 60 per cent alcohol and shaken vigorously in a shaking machine for 
one-half hour. The material is then filtered, the residue discarded and the 
hormone is precipitated from the filtrate by the addition of five volumes of 95 
per cent alcohol and allowed to stand in the ice box overnight for complete 
precipitation. The supernatant fluid is discarded and the precipitate is dissolved 
in as small an amount of distilled water as possible (about 50 c.c.). This solution 
is extracted with three volumes of ether in order to remove the folliculin. The 
ether washings arc discarded and the solution is aerated to remove the excess 
ether. An amount of the material equivalent to 40 c.c, of the original specimen 
is distributed into small tubes, each tube to be used as a positive control for nega- 
tive tests. This measured concentrate is again precipitated with five volumes of 
alcohol and stored under alcohol in the ice box ready for use. (The amount 
equivalent to 40 e.e. of urine was selected in order to allow for some loss of the 
active principle in handling.) Before a lot of the concentrate is used for con- 
trolling negative tests a sample of it is injected into a suitable rabbit to deter- 
mine its potency. Before the injection into a rabbit the alcohol is poured off 
and the sediment is taken up in a few cubic centimeters of physiologic saline 
, solution. 

RECOMMENDED PROCEDURES FOR THE FRIEDMAN TEST 

1. Selection of ordinary mature domestic female rabbits weighing from 2 
to 4 kg. 

2. Isolation of the animals in individual cages. 

3. Use of morphine sulphate intravenously as an anesthetic. 

4. Preliminary laparotomy and inspection of ovaries with selection of 
animals with ripe or nearly ripe follicles but no corpora hemorrhagica or corpora 
lutea. 

5. Injection intravenously of 15 c.c. of clear, filtered, first morning specimen 
of urine, warmed to body temperature, of a specific gravity of 1.015 or higher. 
This dose is repeated in about four hour’s. 

6. Forty-eight hours after the first injection the wound is opened and the 
ovaries are reinspected. If the ovaries grossly appear positive, one ovary is 
removed and examined microscopically by frozen section. The presence of 
lutein tissue in the wall of one or move follicles associated with more or less 
hemorrhage into the follicle constitutes an undoubtedly positive reaction. 

I. If the ovaries show no corpora hemorrhagica the wound is closed and the 
vabbit injected with 15 e.c. of known positive urine or concentrated urine as 
described above. A tentative report of a negative test is given. Forty-emht 
hours after the injection of the positive control urine the wound is opened and 
the ovaries are reinspected. If the ovaries now show corpora hemorrhagica and 
lutein tissue is observed microscopically, the final report of a negative test with 
the urine for diagnosis is given. 

If facilities are not available for making frozen sections, a reinspection of 
the ovaries on the fifth or sixth day after injection will show sufficient lutein 
tissue grossly to make an undoubtedly positive diagnosis possible. 
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AN IMPROVED ELECTRODE FOR THE .MEASUREMENT OF 


POTENTIALS ON THE HUMAN BODY* 


T. V. Fokuks, Ph.D., New Yoke, N. Y. 


I N AN attempt to map the electrical potentials of the various parts of the 
body in connection with studies of the relationship of such potential differ- 
ences to metabolism, it was necessary to use a large number of relatively non- 
polorizable electrodes. Such an electrode has been described by Alvarez, Frecd- 
lander, and Clark 1 and used by Purdy and Slicard- in connection with studies 
of metabolism. Our experience with the Alvarez electrode led us to attempt to 
eliminate the difficulties which we experienced: clumsiness due to the com- 
paratively large size of the “II” tube; frequent cracking of the cross member 
of the tube, especially when this electrode is used with noncooperative psycho- 
pathic patients; the variation of conductivity due to changes in the amount ot 
moisture in the gauze wicks; and the change of resistance and potential arising 
from the loosening of the copper wire embedded in stiff copper amalgam. 

Our improved electrode, which is drawn to scale in Fig. 1, consists es- 
sentially of an outer tube of one inch diameter, which functions in the same 
maimer as the wick-hearing arm of the Alvarez “IT” tube, and an inner tube 
% inch in diameter, which functions essentially in the manner of the second side 
of the “IT” tube. The chemical composition of the electrode is the same as 
that used by Alvarez and liis coworkers, i.e., saturated lead chloride, lead-mei- 
cury amalgam (3 per cent to 97 per cent) and copper wire connection. Ye, 
however, have omitted tlie stiff copper amalgam. The small inner tube is bent 

•From the Department of Psychology, New York State Psychiatric Institute anil Ho 
pital. jj ece j vei j £ ol , publication, October 26, 1933. 
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as shown, „„d a bulb '/a i.«b b. dh.mto blown in Ibo »« ^ ^ ’ < h »^ 
am, in orfa to give a Ifflpr «rosM*lion to the amalgam . 

This dafigu [n’evonta .pilling ot »“ “ s t a Xrd«e tha level of 

graduation, etched on the equator ot this but , 

the mercury-lead amalgam. 

This itutef tube is mounted by thrusting it through one of the bote of a two- 
hole rubher stunner A short tube (11), placed m the second hole, piowdcs lot 
the filling of the electrode and also serves as an anchor for the topper fad- 
ing off from the electrode (C). This wire is run directly m to the dead 

amalgam, thus eliminating the stiff copper amalgam used by A! aicz and s 
coworkers. The copper amalgam is inconvenient m assembly tends to jai 
with use, and is urnrecessary to the proper operation of the cleetiodc J 
permeable membrane (“fish-skin” condom, washed in alcohol and cthci) 




permeable membrane attached by rubber -------- - -- . ,i 0i -i r0 A 

1-inch tube allows the electrode to be neld loosel> in clamp, ir desired. 


stretched somewhat loosely over the bottom lip of the one-inch tube, furnishes a 
fairly constant moist conductor, and the slight bulge of the membrane under the 
weight of the solution iir the outer tube gives a means of standardizing the 
pressure of the electrode on the patient’s skin. Our experience indicates that 
electrode pressure on the skin may affect the potentials which are being measured. 

A loop in the lead-off wire (C) furnishes a convenient means of hanging a 
fairly large number of electrodes inside a moist chamber to prevent drying of 
the membrane and evaporation from the electrode between daily experimental 
periods. 

In actual practice, a single thickness of chamois saturated with lead chlo- 
ride solution was placed between the electrode and the skin of the patient. It 
was found convenient to clamp the electrode loosely in a vertical position (with 
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patient prone), thus utilizing t lie weight of elect rode rim and of the liquid on 
the membrane (II) as a standard pressure against the skin. The variation of 
potential differences on three different occasions between each of 10 different 
electrodes and a single reference electrode is shown in Table I. 

The figures in the table represent 3 out of 20 such determinations, which 
were picked to illustrate the range of potential variation observed. The elec- 
trodes were in use cm each day for from forty minutes to one hour. The first 
row of figures shows the variation of potential in millivolts for each of 10 
electrodes on a given day and represents the greatest change observed. On this 
(lay the electrodes had been in use for a week or more. The second row repre- 
sents change of potential during a similar period on the next day when the 
electrodes had been freshly assembled and, therefore, represents the operation 
of the electrodes under the most favorable conditions. The last row represents 
the variation of potentials after the same electrodes had been assembled for 
four days. 

The next to the last column at the right of the table gives the average 
potential variation for the 10 electrodes in each case, and the final column, the 
average potential variation per minute. Both arc in terms of millivolts. It is 
therefore evident that when the electrodes are freshly assembled, we may ex- 
pect an average change of approximately 0.001 millivolts per minute, whereas 
after four or more days’ use the electrodes are likely to develop a potential 
variation of 0.004 millivolts per minute or more. It is therefore recommended 
that for accurate work with body potentials, the electrodes be freshly assembled 
every four or five days or whenever a check of potential variation over a period 
of time shows sufficient change to affect the magnitude of measurements being 
made. 

The figures of Table I were obtained when the electrodes were applied to 
the human body and under ordinary clinical working conditions, so that tempera- 
ture of the electrodes undoubtedly varied due to transmission of heat from the 
body. The variation obtained is therefore not surprisingly large. 

SUMMARY 

A modification of the Alvarez, Freedlander, and Clark electrodes for use in 
measuring the potentials of the human body has been developed, as shown in 
Big. 1. It possesses advantages over the previous electrode of the same general 
type : handy size, allowing the use of a large number of electrodes; practically 
the same nonpolarizing qualities as the Alvarez electrode; uniform pressure on 
the skin; ease of hanging in solution between periods of use; and comparative 
ease of assembly, which favors the use of electrodes which are in «ood con- 
dition. ° 

In general we feel that our electrode is much more convenient for clinical 
use, and especially when used for measurements on psychopathic patients. 

ltar J£ t '"-' %V ° rk ° f and tCStin « out thc «e are indebted to Mr. Joseph 
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A SIMPLIFIED PSYCIlODOMETBU* 


H. II. (Jtt ex by, Sc.D., Bkooki.vx, N. Y. 


r | 'HE measurement of reaction time in fractions of a second following drug 
* action in man lias offered difficulties to investigators generally. The stop 
watch is costly and fragile in the hands of students. The split second timer 
described by Guthrie 1 in .1932, is not readily applicable to visual-mental-mus- 
cular reaction time tests. Dr. Mot fosse! ’s psyehodometer is an excellent reac- 
tion timer for such psvehophysiologie tests, but it is both complicated and ex- 
pensive. 

To obtain a less expensive, more rugged, and equally satisfactory apparatus 
for many types of experiments, the accompanying simplified modification of 
Dr. Motfessel’s psyehodometer was devised in connection with a study of the 
effect of caffeine upon the rapidity of mental and physical coordination and 
reaction in man. 

The relatively simple psyehodometer is illustrated in Fig. 1. It involves 
primarily the use. of an impulse counter which records time intervals in onc- 
one-hundred-twentieths (M i»«>) of a second. The other parts can be assembled 
usually from miscellaneous equipment around any physical or physiological 
laboratory with very little expenditure. 

The impulses were furnished by stepping down the 60-eycle alternating 
current of 110 volts to about 6 volts. Fig. 1 shows the apparatus to be quite 
readily portable and durable. Both of these factors are highly desirable in 
laboratory use. In Fig. 2, the schematic diagram of the psyehodometer, check 
lights have been omitted in order to simplify the circuit. It was found that an 
assistant to the experimenter can easily check the accuracy of the subject's re- 
sponses in performing tlie proper act in accordance with the stimulus given. 
For example, the tapping of the key corresponding to the color of the light 
stimulus flashed was required in most of the experiments. Auditory or othei 
stimuli could be substituted for light. 

The operation of the apparatus is very easy. It requires many more voids 
and much more space to write or tell it tlnm to do it. As the wiring shows m 
Fig. 2, the closing of a signal switch, for example, “S,,” determines which o t ie 

•From the Physiological Laboratory of Long Island University. 

Received for publication, November 22. 1033. 
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possible lights will bo llashod who,, the e.reu.t ,» olosod sutou,uo"tl, b ^ 

operator when ho throws the doohlc-polo, single-throw sw iu.li, • .• - 1 

switch also starts the impulse counter instantaneously w th “ 0 “ 

i: oht (wl in this i lls tancc). Upon receiving the visual stimulus, the .subject 

r ,1 L-n V { 1C in this instance) which stops the impulse counter, 

closes the proper key (K a , m uns nisuu««. > , 

but does not put out the light until the operator opens the dot! de-polc ^utc 

1> S 4 .” .Vote: As a matter of fact, in this mmphhcd apparatus without he 

check light circuit, the tapping of any one of the keys K I K J or K 3 stops t 

counter. The subject, however, is not aware ot this tact and opciato . 



Fis . i. simplified psychodomett-r for human experimentation. 


assistant observes whether or not the subject utilizes the correct key in ac- 
cordance with the light flashed. 

The operator is obscured behind his apparatus board (any large piece of 
wall-board serves effectively ) in order that the subject cannot observe any of 
the operator’s movements. The subject is seated at the opposite end of a 
12-foot laboratory table with the subject’s tap keys available. Wires of variable 
length may be used here to allow any desirable distance to intervene between 
subject and operator. The tap-keys are provided with large wooden discs so 
that the finger will not readily slip off, as the subject is required to hold the 
key down temporarily until the operator puts out the light by opening switch, 
“*v” The operator’s recording assistant is seated at a table near the subject 
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and in full view of the tap-keys. He notes any errors in the tap-key choice which 
the subject may make. The subject sits with his right hand on the table in front 
of the tap-keys and with his left hand resting upon his left knee. In this way, 
all of his movements to the tap-keys are as nearly equidistant as possible. 

MANIPULATION 

The operator reads the stationary reading of the impulse counter and gives 
the dial number aloud, which is recorded by his assistant as the original reading 
for that trial. At variable time intervals after giving an original reading in 
each ease, a light is flashed and the counter starts simultaneously. The subject 
observes the light Hash stimulus, determines its color, and stops the counter by 



Fig\ 2 . — Schematic representation of simplified psychodometcr for studies in human reaction 

times. 

closing the proper tap-key. The operator their reads the dial number as the 
final reading for that trial. The difference between the two readings is ob- 
viously the total reaction time for this eye-lmnd mental decision, and muscular 
response-action phenomenon. Twenty-five trials or more may he averaged for 
greater accuracy. 

The comparisons of reaction time under the influence of various drugs are 
compared readily, and their effect upon complicated psychophysiologic reaction 
times recorded quantitatively. 

The valuable assistance of Professor Clarence J. Pietcnpol of the Physics Depai tment 
and his assistant, Air. Ralph L. IlirseUel, is gratefully acknowledged. 
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A MODIFICATION OF HILL’S KADIOPAQFE MASS FOR TIIE 
INJECTION OF LCMINA' 


Eiwau .1. Dm!, Pu.D., M.D.A San Fi:an cisco, Calif. 


A RELIABLE technic for the inject ion of radiopaque materials into the 
lumina finds many applications in anatomical, pathologic, and surgical 
studies of lymphatic, vascular, and duct systems. Probably the most satis- 
factory material for the injection of dead subjects is the bismuth oxychloride 
mass of Hill 1 when the suspension is properly made. .Many workers, however, 
are unable to obtain consistently good results using the Hill preparation be- 


A. 



cause they cannot or will not follow the rather troublesome method of pre- 
paring the mass. A simple, easily duplicated method for the preparation of 
a uniform product has been evolved and will be described. 




The proportion of aeacia to bismuth oxychloride taken is as one is to two 
The quantity of water varies with the density of suspension desired The 
unmixed ingredients are placed in a glass fruit jar or ball mill crock one- 
third filled with ordinary glass marbles. This is placed on a ball mill (Fj,, T) ~ 
such as is commonly used by chemists for grinding materials extremely 
fine, and is allowed to grind for two to three days. These suspensions ar'e 
still un stable and wdt settle out appreciably after stauding several days and 

•From the Department of Surgery, Stanford Tnivir-in- . 

lteerivcd for publication, November 20 , 1033. ' ° ‘ Medicine, 

t Fellow In Medicine of the National Research Council. 
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so it is advisable to regrind for an hour or two before making injections. 
Table I illustrates certain suspensions and designates their use. 


Table I 


ACACIA 

GM. 

BiOCl 

WATER 

c.c. 

TOTAL VOL. 

I NT C.C. 

PERCENTAGE 

BiOCl 

GM. BiOCl 
PER C.C. 

SUITABLE FOR 

INJECTION OF: 

50 

100 

150 

500 

10.5 

0.2 

Lymphatics 

110 

220 

500 

000 

20.5 

0.37 

Arteries and 
capillaries 

105 

330 

500 

050 

.13.2 

0.51 

Arteries 


INJECTION TECHNIC 

a. Lymphatics . — Lymphatic injections are usually made with a Luer syringe 
fitted with a 27 gauge needle. 



Fig. 2. — Injection system. A, Pressure regulator containing mercury topped with " at . e r 
to eliminate mercury spray. The inner tube can be raised or lowered so as to ffive tne 
desired injection pressure. D y Mercury manometer. G, Fruit jar used in the grinding on 
mill shown with a top adapted for injection. D, Pressure regulating overflow trap containing 
mercury. The inner tube is adjustable to give the desired pressure in the venous tree. 
be used only when visualization of the venous bed is required. 


b. Arteries . — Arterial injections are best made by caimulating the artery 
and injecting under constant pressure using the system illustrated in Fig. 2, 
A, B, and C. The injection pressure is important and will vary with the 
density of the suspension, the end-result desired, and the species of animal 
injected. The small arterioles and capillaries are easily ruptured when a low 
density mass is injected under high pressure. The proper pressure for injec- 
tion is readily determined and is best done by beginning tlie injection at a 
low pressure and then increasing the pressure in steps of 10 mm. of mercuiy, 
taking roentgenograms at each level of pressure. The injection is usually 
complete within five minutes. The interval of pressure throughout which 
satisfactory pictures are obtainable is sufficient that once it is determined 
for a species, it will hold for all individuals of tliis species (Figs. 3 and 4). 
Likewise, this is a good procedure to follow when injecting a valuable specimen. 
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• • „r -irtorii-s aiul veins produce confusing 

c. Veins. — Simultaneous mjec ‘ the arterial and venous 

results because of the inability to diftmen m i j ] ow t p ens i t y mass 

systems. However, it .bo HM “ “ " s is obtained. Then, by 

at alow pressure, a satisfaetoiy uu llu , T | u , esea p e ot the excess 

increasing the pressure ^ through a pressure regulating 

™ "* may ^ 
— * — r v 1 



i — — — 

, ( Fi*. 3.-A photosraphta > Xot^uct 

ins hafbeen "dSie ^Same animal as is shown in FiS. 4. The smaller vessels are lost in 
the reduction- 


secured. Finally, a suspension of starch in aeaeia solution is substituted for 
the bismuth oxychloride mass, and the opaque material in the arterial tree 
is displaced. Since the starch suspension will not pass through the capillaries, 
a high pressure, 150 mm. Ilg. is used in this injection. This will force the 
opaque mass out of the arteries and permit visualization of the venous bed 
without the interference of arterial shadows. All roentgenograms should be 
made while the injection pressure is maintained. 




Fig:, -i. — Right thigh of animal shown in Fig. 3. Injection pressure as indicated jj 
each successive cut. These are contact prints from roentgenograms /which have i trav _ 
retouched. No vessels show rupture until a pressure of 200 nun. Hg \s useu . ^ * els of 

asated into femur. Stereoscopic roentgenograms clearly show that the nuuvsn of the 
bones are visualized when injected at a pressure equal to the normal biooa p 
animal. 
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With a little experience the proper density of suspension and the correct pres- 
sure for injection are readily selected for the problem at hand. 

DISCUSSION 

Bismuth oxychloride makes a very satisfactory substance for injection, 
not only because of the high atomic number of bismuth and its consequent 
opacity to x-radiation, but, also, because of the physical properties of the 
compound. The bismuth oxychloride* used in this work is extremely finely 
ground and will assume very definite physical properties when suspended 
and ground in acacia solutions. After grinding such a suspension for some 
hours in a jar mill the particles arrange themselves in chains less than % 
micron thick and from 3 to 4 microns long. Upon standing for fifteen minutes 
the chains arrange themselves into spherical rosettes about eight microns 
in diameter. Mo larger particles are formed regardless of the density of the 
suspension, except on long standing. 

The greatest density of any mass suggested by Hill contains 0.4 gm. of BiOCl 
per c.c. and, as he states, this is a paste. By the method of preparation presented 
here, the most satisfactory mass for arterial injection contains 0.5 gm. per 
c.c. and has the consistency of a thin cream. Injection of this material at a 
pressure equal to the normal blood pressure of the animal usually gives sat- 
isfactory visualization of the arterial tree extending out to minute arterioles 
without the fogging attendant upon capillary shadows. 

With a minimum expenditure of effort, exacting no individual skill, the 
mass described can be prepared, and it will have uniform and reproducible 
composition and physical properties. 


SUMMARY 

1. A simple, easily duplicated method for the preparation of a uniform 
radiopaque mass, which insures complete injection of lumiua, is presented 

2. An injection technic is described. 

3. Methods for obtaining visualization of both arterial and venous beds 
are outlined. 
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DEPARTMENT OF REVIEWS AND ABSTRACTS 


Bobekt A. Ku.dleee, M.D., Abstbact Editok 


THYMIC HYPERPLASIA: Follow-Up Study of 30 Cases, Wadlbott, G. L., and Anthony, 

G. E. Am. J. His. Child. 47: 34, I!>34. 

Of a group of 103 cases in which the diagnosis of status thymicolymphaticus was made 
by various pathologists, 34 were selected in which no adequate cause of death had been de- 
termined. Sixty-eight cases were excluded since other conditions, such as hyperthyroidism, 
birth trauma, gastroenteritis, and respiratory infections, were associated with lymphoid hyper- 
plasia, and in themselves were sufficient to cause death. 

In 11 of the 34 cases death occurred without previous illness, and there were no path- 
ologic lesions to indicate the presence of a previous illness. In 1C, minor, usually nonfatal, 
incidents preceded death. In 7, a syndrome developed manifesting dyspnea, stridor, fever, and 
shock. 

The lungs of all these patients presented uniform changes, characterized by capillary 
congestion, extravasation of blood cells, and edematous lluid. These lesions alternated with 
areas of emphysema and atelectasis. In 17 cases petechial hemorrhages were present, in- 
volving the heart, pleura, lymph glands, and various other viscera. In some, there were 
dilatation of the right side of the heart, degenerative changes in the liver, and edema and 
capillary congestion in other organs than the lungs. Hypoplasia of the suprarenal glands 
and hyperplasia of the lymphoid organs, as noted by other authors, were present. 

Comparison of this pathologic process with that reported in anaphylactic shock in man 
reveals a close resemblance, if not a complete identity, of the two conditions. Eosinophilia 
of the tissues and an allergic family or personal history point further to this conception. 

On the basis of these findings, it is believed that death may be the result of a primary 
anaphylactic edema of the lungs and ensuing asphyxiation. Such a theory can be upheld 
only if one assumes: (1) that anaphylactic shock may occur from incorporation into the 
body of nonprotein substances; and (2) that absorption of shock-producing antigen niaj 
take place by ways other than by injections. Evidence is presented, both from personal 
experience and that of others, which tends to confirm these facts. 

BLOOD LIPIDS, in Children With Scarlet Fever and Rheumatic Disease, Kaiser, A. D-, 

and Gray, M. S. Am. J. Dis. Child. 47: 0, 1034. 

Values for blood lipids in 29 normal children between the ages of five and sixteen uere 
fairly constant, but wero considerably below the accepted averages for normal adults. 

Values for blood lipids in 43 children convalescing from scarlet fever were praetica ) 
the same as in normal children. Deviations from the mean were considerably greater, 
especially for cholesterol. . on 

Similar values for lipids were found in 22 children with acute rheumatism and 111 
with chronic rheumatism. The standard deviations were much greater for the children 
rheumatism than for the normal children. . . 

Values for blood lipids deviated considerably from the normal in nephrosis an 

nephritis. . Tledevia- 

Values for blood lipids were not influenced by ordinary variations m ie • 1 

tions from the mean noted in normal and in sick children seemed to bear no lelations p 
an increased or diminished intake of fat and of carbohydrates. 
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. , determinations made on boys and those 

No appreciable difference was noted between ^ 

made on girls, Similar deviations were lound 111 1l0 ' ' ‘ ^ |liform iy lower than determinations 
Determinations made in the summer moat i- 

in the winter months. . .. „ ....a w itii searlet fever 

Studies on the blood lipids ot children " lt ' . T Jit il'lren The standard deviation from 

revealed values similar to those found m ^ ^ thaB ; n the normal 

the mean was considerably greater in the - var jed amount of f at m- 

childteti. It is quite likely that the infection, r.itlnr than 
gested, was responsible for the increased deviations. 

, „ .. _ Q f cell Morphology, Cary, W. H., 

SEMEN: A Differential Stain that Advances the 7 

and Hotchkiss, E. S. J. A. M. A. 102: 5S7, 1934. , d 

• , i „ notation of the amount, which, when complete, and 
The gross examination includes a not ,, - c Lcs , er amou „ts should arouse 

trom men under forty years ot age, shou - nal acidi ty, otherwise negligible, 

suspicion of deficiency and premature weakening bv '^t /vtllov tinge to the normal 
period, .( .«»i eb„i,,euee -w »P« „) vi ,e„,i. ? , t.bkh 

« an, demonstrated by slonly «„ ronton, , although the rove™ 

cosity with a lessening ot opaqueness points 

deduction does not hold. . .. . _ nn „ n . 

Q d ,„S4 lias been so constant that it seems an un 

An alkalinity giving a pH of Irom S.l to b.4 

necessary refinement except in research study. . n 

Two specimens, one thick and LH^fractional drop with cover 

.nation. This is done by gently protect 1 ^ motiUty of the cellular 

glasses, the forme, permitting a J study of individual cell morphology. In the 

content, the latter allowing a prelimina . J - - th _ . 

thicker preparation, semen of relatively high fertility presents a field teeming with spermato 
zoa, many 0 f which are rapidly propelled by fast-wl.ipp.ng tails. IMnle universal cell 
activity would constitute the ideal, one usually notes in comparatively vigorous specimens 
that these fast travelers are colliding with a certain number of inactive (2o per cent average) 
and a variable number of sluggish and impotent cells, which gradually sink toward the lower 
strata of the field. Familiarity with this picture under standard, dry, high power magnifica- 
tion constitutes the measure by which motility is judged. It is a practical observation that 
a motile field, though definitely subnormal, is apt to convey a favorable impression on the 
inexperienced or occasional examiner, but reverse errors in interpretation are rarely made. 
In the author's experience the practical aspects of motility are that a large number ot highly 
motile cells are essential to fertility; and when a specimen of normal quantity and rich 
cellular content shows 25 per cent or more of these dynamic cells, a rating of relative fertility 
must be assumed unless strongly disproved by other indexes to be described. Such specimens 
usually meet other major requirements of fecundity. 

The following technic permits illustration of the head, midsection, and tail of the 

sperm. 

A. Prepare thin cover slip smears as used in the preparation of blood for staining. 

B. Fixation in Schaudinn’s solution: 

1. Immerse for one minute in 7 per cent solution of corrosive mercuric chloride, 
2 parts, and absolute alcohol, 1 part. 

2. Immerse for one-lialf minute in 50 per cent alcohol. 

0. Immerse for one-lialf minute in distilled water, ?, ounces, and tincture of 
iodine, 2 drops. 

4. Wash in tap water. 

(\ Staining Process: 

1. Immerse for one-half minute in aqueous solution of eosin. 5 per cent. 

2. Immerse for one minute in .>0 per cent aleohol, ?» ounces, and concentrated 
hydrochloric acid, 2 drops. 
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3. Wash in distilled water. 

4. Immerse for two and one-half minutes in hematoxylin. 

d. Immerse for one minute in distilled water, 3 ounces, and glacial acetic acid, 

2 drops. 

0. Wash in distilled water. 

Dry and mount. 

Iu appraising seminal specimens, deduct the percentage of abnormal forms found 
from the total cell count. The resultant iigure, when correlated with other data, is of great 
importance in the more accurate evaluation of the semen. Dor instance, 40 per cent of 
inactive cells with 2d per cent abnormal forms would indicate more serious impairment and 
need for greater improvement in a specimen with a count of 00,000,000 or less than would 
obtain with a cell count of 100,000,000. 

ENTERITIS: Acute, in Infants and Young Children: Bacteriologic Studies, Cooper, 

M. L., Keller, H. M„ and Johnson, B. Am. J. Dis. Child. 47: OSS, 1934. 

The bacteriologic methods presented were used in the isolation of streptococci from 
tid per cent of 40 infants and children with acute enteritis. 

Morphologic and cultural characteristics of these streptococci alone were found to be 
insufficient for identification. 

Marked similarities in the fermentations of carbohydrate were noted in the streptococci 
isolated from the involved intestinal tracts of patients at necropsy, front the stools of 
patients, from the throats of patients, and from the intestinal tracts of animals which had 
received injections. 

All the cultures were insoluble in bile with the exception of two, which were ques- 
tionably so. 

For the reasons stated it is suggested that the term Streptococcus micro-apoikui (small 
colony) be employed to designate this group of microorganisms, and that the term Strepto- 
coccus micro-apoikia enttritulis be employed to designate the strain responsible for the 
production of enteritis iu the patients who were the subjects of this study. 

BLOOD, Studies of in Normal Pregnancy, Dieckmann, W. J., and Wegner, C. R. Arch. 

Int. Med. 53: 1SS, 1934. 

Previously reported hemoglobin, hematocrit, and erythrocyte values in pregnancy are, 
in many instances, at variance with each other, and the results are inconclusive because, with 
but few exceptions, the determinations were made with methods and apparatus which "ere 
not standardized, and they were not made on the same women throughout pregnancy, fhe) 
are of value only in that they indicate the direction of the change. 

Determinations of these constituents and of the blood volume were made on various 
groups of women for the different periods of pregnancy. While the means show a decrease 
in each substance, reaching a minimum in the last ten weeks, calculation of the difference 
between the means demonstrates that the change is of no significance. 

Similar studies in which the same women were followed throughout pregnancy and 
the puerperium indicate that the following changes occur in the blood: 

There is a definite decrease in the hemoglobin per hundred cubic centimeters of blood. 
The maximum decrease, amounting to 15 per cent, is from the twenty-sixth to the tliirtv 
fifth week. At two weeks postpartum the hemoglobin is 17 per cent, and at eight weeks l 
is 14 per cent, below normal. 

There is a slight but definite decrease in the hemoglobin per kilogram dining pre„ 
nancy, and a more marked one after delivery. Apparently there is an attempt during pre„ 
nancy to compensate for the increase in tissue by increasing the hemoglobin, but pos pai ui 
the stimulus is gone, and there is a lag in the production of hemoglobin. 
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The changes in the hematocrit value are similar to those in the hemoglobin content. 
The maximum decrease during pregnancy is 1 I per cent. The recovery after delivery is 
more rapid, although at eight weeks postpartum the hematocrit value is still below normal. 

The changes in the erythrocytes are also similar, hut the count is normal at three 
weeks postpartum, thus demonstrating the ability of the hematopoietic tissue to produce 
red cells hut its inability to stock them with the normal amount of hemoglobin. 

The total amount of hemoglobin shows an average increase of 1.1 per cent, but individual 
cases show a marked gain during pregnancy and a retention of much of the gain postpartum. 

The total cell volume shows an average increase of 20 per cent, which is even greater 
in many individual cases, and a retention of many of the cells postpartum. 

The increase in plasma volume is definitely greater than the increases in cell volume and 
hemoglobin. Therefore, these constituents show a relative decrease and an absolute increase. 

Since the erythrocyte is only a vehicle for transporting hemoglobin and since cell counts 
in. pregnancy are often misleading, more time and care should be devoted to hemoglobin 
determinations. 

In pregnancy a hemoglobin content under 10 gin. per hundred cubic centimeters of 
blood should be diagnostic, of anemia. 

The changes of blood volume, cell volume, and hemoglobin are a part of the mechanism 
by which the body is able to take care of its own increase in tissue and the metabolism of 
the fetus, with the expenditure of the least amount of work. 


ANEMIA, Etiology and Treatment of in Pregnancy, Strauss, M. B. J. A. M. A. 102: 3S1, 

1031. 

The “physiologic anemia” of pregnancy is only the effect of hydremia. 

The hypochromic anemia of pregnancy is due either to a direct dietary deficiency or 
to a deficiency conditioned by gastric anaeidity, hypoacidity or associated defects in the 
presence of the fetal demand for blood-building materials. It may be completely relieved, 
either during or after pregnancy, by the administration of iron in suitable (usually large) 
doses. 

The macrocytic anemia of pregnancy is generally due to a temporary lack in the gastric 
juice of a specific intrinsic factor, which has been shown to be absent from the oastrie 
juice of patients with Addisonian pernicious anemia in relapse. The ultimate complete 
return of this factor after delivery is hypothecated. In other cases the lack of the ex- 
trinsic factor (associated with vitamin B) from the diet may produce similar effects The 
macrocytic anemia of pregnancy ordinarily may he completely relieved with liver extract 
although iron is frequently required in addition. 

There is some similarity of the etiologie mechanism involved in the hypochromic anemia 
of pregnancy and idiopathic hypochromic anemia in the absence of pregnancy, and in the 
macrocytic anemia of pregnancy and Addisonian pernicious anemia. 

The development of anemia in pregnancy may best be prevented by supplying the preg- 
nant woman with an adequate intake of blood-building materials. ** 1 ° 


SYPHILIS, Transference of Inguinal Glands in Human, Lunsford, C J and n,„ -o ™ 

J. A. M. A. 102: 448, 1934. Uay> P - W - 

The results obtained from the intratesticular inoculation of rabbits , 

term. from top cases of syphilis with a 4-p.us Wassermaun reaction 

In 8 cnst*s of primary .syphilis Km per cent of the * 

results in live rabbits. sUaA trauS ‘ ,lant * caused positive 

The glands of 24 patients with chronic syphilis , 

negative results in rabbits. ' ‘‘ un,il ' r treatment caused 

In 3S per cent of 20 cases of untreated latent svp|,ilis H , 

positive. • 1 ' > t[ ‘c results in rabbits were 


3250 


TIIE JOUliNAL OF EAl'OItATOIIY A NO CUNICAb .MEDICINE 


For 0 patients with untreated dementia paralytica inoculations into rabbits gave nega- 
tive results. 

Tlie glands of 12 of 23 patients previously treated for chronic syphilis gave positive 
results. Six of the 12 patients had received intensive treatment, averaging fifty-two in- 
jections of ncoarsphenamine and forty-six of mercury. 

Three patients with acute syphilis who were adequately treated according to present 
standards showed live & 'pirochcta pallida in their inguinal glands after a lapse from treat- 
ment extending from three to live years. The conditions were diagnosed early; the patients 
were treated intensively and later were pronounced cured on the evidence of completely 
negative clinical and serologic findings. 

It is concluded that: 

1. The diagnosis of primary syphilis by means of gland puncture can be made in 
100 per cent of cases. 

2. It is probable that patients with late syphilis are not a menace to others while un- 
dergoing active treatment. 

A comparison of the ,21.5 per cent positive results obtained in previously treated 
patients with syphilis with the 38 per cent positive results obtained in untreated patients 
indicates that, from the standpoint of the biologic cure of the patient, inadequate treatment 
is very little better than none at all. 

4. According to our findings, Spirachrta pallida is not present in the cerebrospinal 

fluid. 

0. There is a necessity for frequent reexamination of patients with syphilis, even though 
it appears that they have been adequately treated according to modern standards. 

G. The clinical and serologic tests used as criteria of cure in syphilis are inaccurate 
and must be revised with increasing knowledge of the disease. 

TISSUE, Traumatic Epithelial Cysts of the Skin, Wien, M. S., and Caro, M. R. J. A. At. A. 
102: 197, 1934. 

Traumatic epithelial cysts develop as a result of injury to the skin, usually produced 
by a blunt or tearing instrument. Such cysts occur most often on exposed sites, such as the 
fingers and palms, and arc especially prevalent in those occupations which predispose to 
injury. 

'The origin of the cyst is most probably from a bit of epidermis which has been torn 
from the surface and Implanted in the corium. It may also originate from deeper epithelial 
structures in the absence of surface injury. Here the cyst may form about a foreign body by 
proliferation of epithelium from the hair follicles or the glandular structures of the skin. 
Occasionally a foreign body granuloma with cyst formation may simulate an epithelial cyst 
of traumatic origin. 

LEUKEMIA, Monocytic, Leukemic Reticulo-endotheliosis, Foord, A. G., Parsons, L., and 
Butt, E. M. ,T. A. M. A. 101: 1S59, 1934. 

Leucemic retieuloendotheliosis (monocytic leuecmia) is a distinct condition characterized 
by the presence of a clinical picture similar to that in other acute leucemic states and the 
presence of an extraordinary number of monocytes in the blood, usually immature form;,. 
Pathologically, a diffuse enlargement of the lymph nodes, spleen, and liver is found, and in 
the microscopic examination of the tissues, widespread proliferation of reticulocndotlieba 
cells is found, to a degree as great as or greater than is usually found in the so-called m 

filtrates of other leueemias. . . . d 

A report of four cases conforming to the foregoing feature, with autopsies m no . 

biopsy in one, is given. 
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EDITORIAL 


Have Hospitals Attained a Standard of Mediocrity? 

xt OT so very many years ago there were numerous hospitals, many of them 
N relatively large institutions, in which the standards of medical practice 
and the type of eare given to patients were notoriously far below what 

should be and ought to be expected and demanded. 

Realizin' 1 - this sitnation-and. occasionally, it was very bad, mdeed-the 
American Medical Associatiou and the American College of Surgeons in- 
augurated a pro-ram of hospital standardization whereby a minimum standard 
of "efficiency was formulated to which all hospitals must conform to be “ap- 
proved ” The teeth in this edict lay in the fact that no unapproved hospital 
was deemed suitable for the training of resident physicians without whom 
few hospitals can function. 

As a result, there are today very few hospitals which have not made such 
changes as were necessary to secure approval, which does not, however, 
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signify that all “approved” liospitiils have now reached and maintain a high 
standard of efficiency. 

If there be, as probably there are, those who doubt this statement, their 
attention may well be directed to the remarks of Dr. II. A. Christian, Professor 
of Therapy and Practice of Medicine in Harvard University Medical School. 

In the course of an address delivered before the Congress of Medical 
Education, Medical Licensure, and Hospitals in 1931* he said: 

“Present efforts at hospital standardization have attained a fairly satis- 
factory level of mediocrity for hospitals. A few, often perfunctory, changes 
in past practices of a hospital now will secure for it a Class A rating. The 
very poor hospital has been forced to improve, and this is the only real good 
that has resulted from all the work of those organizations which have been 
concerned in the classification and rating of hospitals. 

“Many institutions, instead of receiving vigorous stimulation for better- 
ment, are basking in the calm complacency of Class- A-dom. Regulations of 
the classificationists are cheerfully omitted in the case of the best hospitals 
in the realization, perhaps the subconscious realization, of the mediocrity of 
their standards and the probable deterioration that would result in these 
hospitals from their uniform enforcement. 

“If there is to be any official standardization of hospitals new standards 
should be set. At present far too many hospitals are rated as satisfactory, 
that is, are Class A hospitals, for such rating to have much value or to be 
any real stimulus to improvement. We are too much in the condition of a 
heaven peopled by perfect beings, the angels. Fewer hospitals should be 
Class A than at present is the case; in other words, there should be fewer 
angels.” 

That these comments are not without some basis the impartial observer 
will not dispute. 

It may be true that monthly staff meetings are held, as required, but 
how often are they inspiring and how often do the reports of services lead 
to critical debate or constructive criticism? How often, on the contrary, do 
they degenerate into mutual admiration societies? 

Constructive criticism, debate which leads to study or to fruitful thought 
should never be painful nor reluctantly received for, as Herbert Spencei 
wrote : 

“Mankind in its progress passes through three stages: the unanimity 
of the ignorant; the disagreement of the inquiring; and the unanimity of the 
wise. ’ ’ 

Hospital records alone, now proudly displayed by all “approved hos- 
pitals, furnish many startling and at times amusing illustrations of perfune 
tory emphasis upon ridiculous detail and equally perfunctory compliance with 
the requirements of hospital standardization. 

The purpose of the hospital record is obvious and elementary : to supp y 
for future contingencies a clear, succinct recital of events from which a deal 
reconstruction of the situation can be formed in the mind of the reader. ; 
story so plain, so complete, yet without verbosity, that any one can ^ 
understand why such a diagnosis was fornndated, and just why a pai mu 
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method o£ treatment was followed, or u specific operation was necessary. The 
record need not be voluminous but it should be thorough, clearly phrased, and 
complete in its data of a particular case. 

Let those who have attempted to utilize hospital records in the compila- 
tion of statistical data or the preparation of papers testify if the majority of 
records in the majority of hospitals conform to the requirements listed. 

The following editorial from an official bulletin of the Philadelphia County 
Medical Society offers these comments : 

“Hospital records are voluminous and cover everything that can be dis- 
covered concerning the patient, but in many instances are shy such minor 
details as to which arm or leg or eye was operated upon, why the operation 
was done, how the operation was done, and an exact statement of the degree 
of restoration to normal on discharge. These details, when omitted, are filled 
in from the fertile imagination of the medical attendant at large. It is seldom, 
indeed, that auv hospital record cites the indication for a first operation and 
much rarer that it mentions the indication for a second operation. On the 
other hand, the emotional variations of the midnight hours are engrossed for 
posterity with infinite care by the night nurse in charge, and the marital 
affairs of the blood cells and bacteria set down with mathematical accuracy 
hearing unanswerable testimony to the fact that the technician, reached at 
least the eighth grade." 

That examples may be found, and readily, to justify these strictures will 
require no extensive investigation. Pew, indeed, are the “histories” which 
could be used verbatim in a scientific report. 

It may well be suggested, with all due respect to the “approving” or- 
ganizations, that in the inspection of records, it might be advantageous, not 
merely to tick off the fact that records are made and filed but to ascertain 
exactly what kind of records. 

It is quite true that standardized records are practically a sine qua non 
m standardized hospitals, that they are inevitably or generally, therefore 
good records is, to speak mildly, open to grave doubt. 

Record inspection will invariably present an orderly array of neatlv 
hound sheets which, through their number, their variety, and the stereotyped 
marginal printed guides, tacitly make claim to the desirable and admirable 
quality of thoroughness. 

And yet one of those responsible for their existence in later w 

this to say of them r } 


“In a medical ward of a class A teaching hospital I recently saw a -Jewess 
aged forty-five years. Five minutes’ conversation brought out the facts th t 
she had always been in reasonably good health until after the death of l/ 
husband a year ago; that she then looked hopefully for support from hZ 
eldest son; but that about three months ago she gradually experienced the 
final and cmslnng conviction that his talents were limited to the selling l 
newspapers, which yielded a profit of less than a dollar a dav. She 
in addition to caving for her home and the voun-mr children Y , t- . t0re ’ 

"*,* — ssr- riz^zr 

ache, sleepless nights of worry, anorexia, loss of 20 pounds, nervousness, untr 
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exhaustion, and hospitalization. Cursory examination revealed only the or- 
dinary effects of such a life, including possibly some thyroid disturbance. 

“Now, I ask of you sticklers for form and order, what do j-ou suppose 
that woman’s folder contained? Five and one-half closely written pages of 
matter comprised under twenty-eight captions, all neatly underlined with 
red ink and ruler! Figure out the time that probably took, and then ask 
yourselves how much time and energy remained to devote to the clinical 
problem of that woman. We toil through those five and one-half pages in 
search of useful bits of information. Here and there we find a few, frag- 
mentary and uncorrclated. In the place for ‘social condition’ is stated that 
she is a widow ; under ‘occupation’ it is stated that she is a ‘housewife’; 
under ‘marital history’ that she has four children, but not a word about 
that fiasco of the eldest son. The paragraph on ‘habits’ speaks of loss of 
weight but gives no hint of the possible cause. Breathlessly we work down 
to the captions ‘complaint,’ ‘onset of present illness,’ and ‘course of present 
illness’ and find only some sketchy references to pains in the back, palpita- 
tion, breathlessness on effort, gas in the stomach, and so on, but never a word 
of the restaurant or the thoughts in the poor woman ’s head. Then conies the 
sacred array of paragraphs on the various systems, with reiteration of short- 
ness of breath under ‘ cardiorespiratory system,’ of stomach gas under •gastro- 
intestinal,’ etc., etc. 

“The writer of this history was evidently painstaking and industrious, 
and yet what a mess he made of it! There is not the slightest doubt that if, 
before he ever set foot in the medical school, he had been confronted with this 
patient and Jiad been asked to write down what he could find out about her 
condition, he would have done incomparably better. And as a commentary 
on the teaching of clinical history taking is not that the height of irony? 
The reason for this enormity is obvious. The writer of the history has been 
so occupied in constructing and polishing the frame in order to meet the 
standard specifications that he has been unable to paint the picture; indeed, 
he has scarcely seen the patient and her experiences at all. 

“This case, to be sure, is worse than many of our hospital clinical his- 
tories, but it is none the less a good illustration of a valid general criticism 
of unrestrained standardization; namely, stereotypism, perfuuctoriness, medi- 
ocrity. And, parenthetically, the criticism is applicable beyond the subject 
of clinical records. I have heard members of a hospital staff oppose better- 
ments in organization for the reason that the hospital was already accredited 
by the American College of Surgeons and the college did not require the 
change.” 

Criticism is most valuable when constructive and the suggestions of the 
same author are therefore worthy of interpolation : 

“1. That we abandon the effort to amplify records for the purpose of 
future statistical researches except for specific objectives in institutions wheie 
there is a reasonable prospect of continuity and reliability of data to justify 
the effort. 

“2. That teachers and those who presume to examine hospitals toi a - 
crediting purposes shift the emphasis from form to content, that they recognize 
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merit in any form in pmn ortinn an it aWs it. elarifyms tl.« individual «««, 
ami demerit in proportion as it exhibits aimless nauJemtf, tn-clcva, it matter, 
redundance, disjointing of related facts, or otheiuise e ou s ie . 

" 3 . That the technie of history tnkins be regarded as an mtelleetnal 
rather than a meelianieal process. Histories should exhibit uniform c ‘“ c ; 
mindedness rather than a uniform system of headings an paia e rap nn c 
record of important phenomena, such as weight !.*, blood vomiting or edema 
should show in the immediate context the effort to assem e ie a\ai 
historical evidence for or against the various possibilities suggested. 

“It will he argued that such freedom in composition may be a rig i 01 
mature clinicians but not for students; that the lattei \si o^ei oo t ini 
portant data if they are not required to include all the conien 1011a paia 
graphs. Of course the3' will; but so are they under the present uitensome 
regime; and it is better that they miss some of the kernels of gram whi e 
actually looking for them than that they miss them through being more 

occupied bv an elaborate sorting of the eliaff. 

It is probable that more than one hospital pathologist has been impressed 
with the multitude of careful and varied preoperative studies carried out during 
the preparation of the fifty cases required for obtaining the coveted F.A.G.S. 
and likewise somewhat nonplussed to note their abrupt cessation after the 

initiation ceremonies are a matter of historj . 

What conclusion is a Resident Physician to form from such a happening: 
that such studies are valuable and necessary ; that they were based upon 
real indications in fifty consecutive eases which indications were then no 
longer to be found; or that they are simply the bunk : 

What value can he attribute to the histories the sole leason foi writing 
which is that the patient is to be discharged, or the “progress notes” compiled 


when he has gone home 1 ? 

It is undoubtedly true that Resident Physicians have been to a greater 
or lesser extent benefited by tlie compulsory reformation thrust upon hos- 
pitals. They have cause to be thankful that the days have passed when all 
the emphasis was laid upon the duty the interne owed to the hospital and 
precious little upon what the hospital owed to the interne. 

But the millennium is not yet here and one wonders what would accrue if 
it became the custom for internes to report, when tlieir hospital days were 
over, to their Dean who advised them in their student days as to interneship, 
their honest opinion as to their experience, their summation as to what they 
learned and from how great a proportion of the staff, and to wliat exact 
degree, as testified to by actual experience, the “approved” hospital justifies 
its rating. 

It is obvious that by far the greater number of those who embark upon 
the interne year receive their training, not in great medical centers, not in 
well-equipped and well-manned clinics, not in hospitals with teaching affilia- 
tions. but in the average hospital of moderate size. Xor is it always true 
that those under whom they serve, with whom they are associated in this 
formative period whieh often does and always should exert a profound and 
powerful influence upon the manner in which these young men will later 
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practice their profession, are necessarily possessed of the teaching instinct 

or the ability to pass on to others the lessons they themselves have learned in 

» 

the School of Experience. 

If, as a result of his experience, the Itesident Physician does not emerge 
from his hospital year richer in knowledge and enthusiasm, inculcated with 
the idea of honest, earnest care and thoroughness in the study of his patients, 
inspired to give to the life work lie has chosen the very best that is in him, 
and thoroughly imbued with the necessity for continual effort to improve his 
knowledge and ability ; and if the lack of these ideals and qualities can be 
laid at the door of the hospital and its staff, then that hospital has but ill 
fulfilled its duty toward the interne, has but ill. discharged the responsibility 
which it has assumed toward him, and ill deserved the “approved” status 
which it doubtless possesses. 

Aud, by the same token, the Dean or the School by whose advice or with 
whose tacit assent the student seeks and accepts such an appointment, have 
ill deserved the confidence and belief he has given them. 

“Approved” hospitals do not by mere virtue of that fact necessarily be- 
come good hospitals nor, and the two are by no means synonymous, efficient 
centers of postgraduate instruction. 

One’s travels need not be wide nor his experience with hospitals extensive 
to grant the truth of this statement. 

It is impossible to reach perfection in a single stride; the standardization 
program, without doubt, was not regarded by its originators as achieving 
perfection. But there seems reason to wonder if its initial impetus may not 
have subsided into a gentle stroll along well-defined but narrow pathways; if 
the early desire for improvements in order to secure approval may not have 
simmered down to the gentle “complacency of Class- A-dom ” ; and if its mam 
result is not in some danger of becoming simply a “standard of mediocrity. 
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STUDIES IN BACTERIOPHAGE* 

I. The Behavior op the Bacteriophage and the Bacteria in the Lesion 
After the Treatment op Acute Staphylococcus Skin 
Infections 'With Bacteriophage 


Helen Zaytzefp .Jern, M.D., Edward L. IIowes, M.D., and 
Frank L. Meleney, M.D., New York, N. Y. 


introduction 


TN THIS and in several subsequent papers we shall endeavor to report our 
laboratory observations in connection with the clinical use of bacteriophage. 
In reviewing the voluminous literature on the subject of bacteriolysis since 
the first reports by Twort 1 and dTIerelle 2 one finds that most of the articles 
fall into two groups : one confines itself to various aspects of the phenomenon 
in the test tube, while the other concerns itself purely with its clinical appli- 
cation. Only a few authors have reported experiences with the bacteriophage 
both in the clinic and laboratory and have attempted to set up controlled con- 
ditions for their observations. The reports of test tube phenomena have been 
contributed largely by investigators trying to work out some of the funda- 
mental principles of the reaction, without attempting to apply them clini- 
cally. Their work has been of prime importance for our understanding of 
the nature of the phenomenon and for establishing a rationale for its use°but 
many of the phenomena which have been observed in vitro cannot be dupli 
rated in vivo, and most of the reports of the clinical application of bacterio 
phage indicate that the results obtained have been poorlv controlled bv laho 
rator T observations. The majority of clinical reports have been favorable 


•From the BacterioloRlcal Research Laboratory of thr- r>. 
of Physicians ami bunions. Columbia University, and the Pr i v. ‘ men L of Surgery. Coll,.-.. 
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failures have seldom been published. One does not persist in a method of 
treatment which does not have some degree of success. Therefore, only those 
who have had success have been able to collect a series of cases sufficiently 
large to be impressive, but it may be seriously questioned whether bacterio- 
phage actually changed the course of some of the self-limited diseases which 
have been treated with it. The commercial exploitation of bacteriophage has 
resulted in its wide use by physicians who are not in a position to determine 
the potency of the products which they employ and who have made no at- 
tempt to set up control series sufficiently large to make it possible for them to 
properly evaluate their results. 

We seriously question the wisdom of this uncontrolled use of bacterio- 
phage at the present stage of our knowledge, because its successful use prob- 
ably depends upon a combination of conditions intrinsic in the patient, in the 
Intel erium concerned, and in the l3'tic principle available, as well as upon the 
manner in which these are brought together. Certain minimal essentials 
would seem lo be required for success, a potent bacteriophage, a susceptible 
infecting organism, an adequate and intimate contact of bacteriophage with 
in feeling organism, and an environment favorable to or at least not antagonistic 
lo Hie interaction of these two. If the four conditions for success are absent 
or only partially fulfilled, bacteriolysis, in vivo, can hardly be expected to occur. 
It is not likely to occur with an impotent bacteriophage, with a resistant strain 
of bacteria, with poor contact of bacteriophage with organism or in an environ- 
ment unfavorable or antagonistic to the interaction of these two. Whatever, 
huned t may accrue from the injection or administration of the lytic products 
of bacteria as antigens has been given very little consideration. The whole 
procedure is still in the experimental stage and unless an effort is made to find 
out what the necessary conditions for success are and how to set them up, 
failure will be the rule and the whole subject will be brought generally into 
the disrepute in which it already finds itself, in the minds of some of the 
more conservative clinicians and bacteriologists. Extravagant claims for bae- 
leriopliagc have been made largely by hyperenthusiasts or by those financially 
interesled in its commercial success. This situation is to be deplored, for it 
seems fairly certain that in the hands of some critical investigators, favorable 
results have been obtained, results which at times have convinced both the 
physician and the patient that bacteriophage has some virtue as a method of 
therapy. 

We have been impressed by incidents of this kind and have set out to 
clarify, if possible, certain obscurities with regard to the behavior of bac- 
teriophage after its injection into the body and the behavior of the bacteria 
in the lesion after subjecting them to contact with the bacteriophage. In 
this paper we shall consider the following questions: 

3. Poes the hemolytic property of certain strains of Staphylococcus aureus bear anj 
relationship to their resistance or to susceptibility to bacteriophage? 

2. Po the bacteria in the lesion change their cultural characteristics after a single ui 

jeclion of bacteriophage? f bac _ 

3. Po the bacteria become more susceptible or more resistant to the actio 

leriophagc? 
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d’Herclle has claimed 3 1 dij , tan t from the lesion reach the lesion 

7. Does the bacteriophage injected at . bacteria there? 

through the circulation and multiply at the expense £ d ■ the blood serum 
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9. Can the apparently favorable tllect o persia tenee of bacteriophage in 

correlated with the absence of antiphage in the blood, P 
the lesion or any other laboratory finding 1 

LITERATURE 

Tl,u only reports bearing upon lh “" ’"“““"“we it” e^es ol urinary infeotions, 

sss-.. 

the urine. When bacteria disappeared urin e. she note d that the growth and 

bacteriophage could no longer be recover ;u; , undcr bacteriophage action. In 

pigmeut characteristics of tbu baotom ol..bgoa M „ tog „„ of 

those cases in which the urine i was "° res ; 3t ant. The bacteriophage-resistant bacteria 

phage the bacteria were modified ana 

grew in smaller colonies than Spontaneous bacteriophage in the washings of 
In 1926, Schumm and Co0 ^ it in four. In 11 of the negative cases, all of which 
10 cases of maxillary sinusitis and ± wee klv intervals, but no favorable results 

— oittouic, 1 O.O. OP bacteriophage ”» " « e( ,«,,a f ,„ m a re.jori,, o« 

were obtained, although bacteriop g ]esion3 remained susceptible to the bacterio- 

these cases and the organisms cultivated rrom 

phage in the test tube. employing horse-blood agar, reported that 31 strains of 

In 1926, Epstein and Fyg , bacteriophage, while 91 nonhemolytic strains were 

hemolytic staphylococci were resis ^ working with a bacteriophage which was active 

susceptible. McKinley and amara- , ^ ’ ccus failed in their attempt to adapt it to 7 
against a strain of nonhemolytic ? observation tended to confirm the work of Epstein 

hemolytic strains. They be mve explain the relative virulence of hemolytic organ- 

ana Fygin, and suggested t a i ^ recently obtained by d’Herelle and Kakietens who 
isms. Contrary results, however, ^ staphylococcus infections, using human and rabbit 

studied cultures from a un re ^ sta pbylococci, isolated from chronic cases of 

blood agar. Seven strains o ^ were resistant to a number of polyvalent bacterio- 

furunculosis, sinusitis an os eo staphylococci, with one exception, were found to be sus- 
phages, while 71 strains o iemo ^ remaining 21 nonhemolytic strains were finally lysed, 
ccptible to the baeteriop age. repeated contact with the bacteriophage. These results 
hut in several instances o y a the preceding authors that d’Herelle and Bakieten re- 

lvere so at variance with t e ' v , nrs „. blood agar and found that the hemolytic strains were 
peated their experiments wi ag £ ], e y were on human and rabbit blood agar. 

just as susceptible on * a -vr c Xeal° reported that purulent exudates and blood as well as 
Tn 1931, Applebaum and Alc-xeai “t \ 

serum inhibited lysis sufficiently to explain the weakening of the action ot bacteriophage and 
”l r ” s tencc of Uving bacteria in purulent lesions treated witii bactenophage. 

C Ivin in 1932,10 incidental to his observations on the inhibition of lysis by sterile pus, 
cerebrospinal fluid and serum, found that bacteriophage could be found in the lesion several 
days after its administration. 

SOURCE OF MATERIAL AND METHOD OF STUDY 

During the course of our study we have worked with four potent staphylo- 
coccus bacteriophages obtained from d’Herelle and Rakieten in New Haven; 
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from McNeal of the Post-Graduate Hospital, New York City; from Gratia in 
Brussels; and. from Larkum of the Department of Public Health in Lansing, 
Michigan. 

Our bacterial cultures were obtained from 110 patients with furuncles 
and carbuncles on their first visit to the Vanderbilt Clinic. If the lesion was 
draining, the exudate was collected on a swab, if not, a small amount of plain 
broth was injected into its center and reaspirated. This fluid was then cul- 
tivated for from three to five hours in plain broth. Prom the three- to five-hour 
growth in broth, four 5 c.c. tubes of plain broth were inoculated and to two 
of these tubes, 0.25 c.c. of bacteriophage was added. The other two tubes 
were kept as bacterial controls. One tube containing bacteriophage and one 
control were incubated at room temperature and one of each was incubated 
at body temperature for twenty-four hours. At the end of this time the tubes 
inoculated with bacteriophage were read for the degree of lysis and graded 
from 0 to 4-f, the latter grade being assigned only to those tubes which were 
absolutely clear, comparison being made with the growth in the control tubes. 

At the same time that the broth cultures were made, a drop from the control 
tube and a drop from the tube containing the culture and bacteriophage were 
smeared on the two halves of a sheep's blood agar plate. If the growth in the 
control tube at room temperature was less than the growth in the incubated 
control tube, it was filtered and the filtrate tested for the presence of 
spontaneous bacteriophage. Next day the plates were studied and the cul- 
tural characteristics of the colonies with and without bacteriophage were 
noted. If the colonies on the control half were rough or varied hi size or 
shape or appeared “moth-eaten," spontaneous bacteriophage was suspected 
and searched for. When such cultures were found, transplants were made 
from these colonies into broth, grown at room temperature, filtered, and the 
filtrate was tested for lysis of the homologous and stock strains. In the more 
recent phases of our study, we have found spontaneous bacteriophage more 
often than we did at first because of greater care in the search. 

At twenty-four, forty-eight, seventy-two, and ninety-six hours, after 
bacteriophage was given, cultures were again taken from the lesions and 
studied for the characteristics of the colonies and the susceptibility of the 
organisms to bacteriophage. Usually bacteriophage was given twenty-foui 
hours after the first visit, the interval required to determine whether or not 
the bacteria were susceptible to bacteriophage. 

RESULTS 

I. The Classification of 110 Strains of Staphylococcus Obtained from a 
Series of Furuncles and Carbuncles. — In the whole series of HO cultures, 
hemolytic Staphylococcus aureus occurred 81 times. In some of these cases 
the hemolysis was slight and could be seen only on removal of the colonies. 
Nonhemolytic Staphylococcus aureus was found in 18, and a mixture of these 
two in 8. Hemolytic Staphylococcus albus was found in one lesion and non- 
hemolytic Staphylococcus albus in one. Hemolytic Staphylococcus aureus an 
nonhemolytic Staphylococcus albus were combined in one. The results may 
be seen in Table I. 



.JEIiX. ITT -U..: 


.STCDIKS IN HACTEUIOl’II AfiE 


1261 


Table I 


The Classification or 110 Stilus's oh Staphylococci According to Their Hemolytic and 

CHKOMOGESIC I’l'.OPEP.TlES AND TllEUt SUSCEPTIBILITY TO THE LYTIC 

Action or Bacteriophage 
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01 
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o 

1 
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10 

17.3 

to 
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3 

2.7 

i 2 

i 

1 ! - ; " i “ 

' ’ ! . j 

" 

Totals 

no 

100 

i SI 

1 18 : S 1 1 ! 1 
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II. The Susceptibility of the Hemolytic and Xonheniolytic Strains of 
Staphylococcus to Bacteriophage . — Table I shows that only three of the 110 
strains tested were found to be resistant to the action of all of the bacterio- 
phages. Certain of the strains were resistant to one or two, but susceptible 
to at least one of the bacteriophages which we used. Two of the resistant 
strains were hemolytic Staphylococcus aureus and the other was a nonhemo- 
lytic Staphylococcus aureus. Of the 81 cultures of hemolytic Staphylococcus 
aureus, 64 were completely lysed; 15 underwent partial lysis; and 2 were 
resistant. Of the 18 strains of nonhemolytic Staphylococcus aureus, 16 under- 
went complete lysis; one partial lysis; and one was resistant. Of the 8 mixed 
cultures with both hemolytic and nonhemolytic Staphylococcus aureus, com- 
plete lysis took place in 5 and partial lysis in 3. "With the 3 remaining albus 
cultures, either alone or with Staphylococcus aureus, complete lysis was ob- 
tained. In our series, therefore, no difference was found between the hemolvtic 
and nonhemolytic strains in their susceptibility to bacteriophage. 

III. Persistence of Bacteriophage in the Lesion . — The persistence of the 
bacteriophage in the lesion was studied in 32 patients, as the opportunity 
afforded upon their return to the clinic after treatment. In some the search 
was made after twenty-four hours and in others it was made later. In a few 
it was made daily, but in most of the cases we desired to institute daily 
treatment and did not withhold it to study the duration of the bacteriophage 
following a single injection. These results are shown in Table II. In 0() 
cultures were taken twenty-four hours after the first administration of potent 
bacteriophage. As a general rule, these cultures displayed considerable 
degeneration of the colonies on the blood agar plate. Often only rem- 
nants of colonies were left, or the intact colonies varied in size and shane 
However, only rarely did we find no growth at all on the plate. On onlv 
two occasions, cultures of the lesion twenty-four hours after administration 
of bacteriophage yielded no growth on the plate or in broth. At the time 
of these observations, we assumed that bacteriophage was responsible but if- 
presence was not definitely proved. Broth tubes inoculated with culture- 
twenty-four hours after the administration of bacteriophage usually did not 
show growth when incubated at room temperature, but gave abundant -rowth 
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Tabu: It 


The Persistence or Bacteriophage 2-1, -IS, 72, and 90 Hocus After Injection Into the 
Lesion Correlated With tiie Clinical Evidence or Benefit Following the Treatment 
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30 
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2 
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4 



in the incubator, although occasionally secondary lysis took place. Filtrates 
made of the 20 cultures left at room temperature produced complete lysis of 
the original homologous organisms obtained from the lesion in 16 instances, 
demonstrating the presence of potent bacteriophage. These bacteriophages 
often produced lysis of heterologous strains as well. They remained polyval- 
ent and did not become specific for the homologous strain by passage. There 


is evidence, then, both from the appearance of the blood plates and from the 
test of the filtrates incubated at room temperature, that bacteriophage may 
be present in the lesion in about 4 cases out of 5 at least twenty-four hours 
after a single injection, and that under its influence there is a change in the 
growth characteristics and morphology of the organisms. 

Cultures were taken from 18 cases forty-eight hours after the injection 
of bacteriophage. In most of these cases the culture was not taken after 
the first injection of bacteriophage, but later in the course of treatment. 
Therefore these and later determinations of bacteriophage in the lesion are 
not as significant as the tests made after twenty-four hours. The character- 
istics of the colonies on the blood plates made at this interval differec io 
those taken after twenty-four hours. Usually only a few colonies weie 
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1 r . v.r, nco-ts of destruction in the colonies 
fected while the rest were normal. La o'- ‘ • ms W as not seen when 

were seldom observed. Degeneiation o ^ re ” vev i u the tubes incubated 
these colonies were smeared and stained. - ’ in a high percentage 

at room temperature some growth of 01 gams tbe j vt i c principle was 

of cases. When these tubes were h term. , ’ bacteriophage was 

obtained from 12 of the IS, althoug i t .ie P * ally s ] l0 wed abundant 
definitely diminished. Those ineubatei a 

growth of bacteria. . resisted iu the lesions 

It must be concluded, then, that bacteriop iag potency 

£oe forty-eight hour, in a smaller percentage ot the eases 

than at twenty-four hours. g cases tes ted after 

Bacteriophage persisted m the after nine ty-six hours. The 

seventy-two hours, and in - out o f the destructive action, but 

colonies on the blood plates showed no t 0 f cultures incubated at 

the bacteriophages were recovered ^ ^ 

room temperature. These bacteriop a n 

h0Wever - T . . .. persistence of Bacteriophage in the Lesion, 

IV. The Relationship of ihe J e ^ _ J ^ cases we tried to correlate 
to the Presence of Antiphage m i l . wJth the presence of an inhibit- 

the persistence of bacteriophage m £or the presence of this sub- 

ing substance in the blood serum „ £ some instaBCes the antiphage 

stance we employed Rosenthal s of bac teria and in other cases 

tests were done with the homo antiphage (supposed to render the 

with stock strains (Table ML ^ ^ bacteriophage) was only detected 

bacteria resistant to the lytic J ^ (supposed to directly neutralize the 
m 3 cases, while the direct P ° in 16 of 10 cases in which the 
action of the bacteriophage) was V ^ ? showed a direct antiphage in 

test was made with the homo D bacter iopha"e was found in the lesion 
the blood, but in 6 of these case ^ injection. The other 3 cases showed 
from twenty-four to d bacteriophage was found in the lesion, 

no direct antiphage m . made for indirect antiphage using the 

Of 11 eases in wh the pres enee of antiphage in blood, but the 

homologous strain, two sno both eases. In 9 cases no anti- 

bacteriophage was later found in the ^ be found * the 

phage ivas found, but m - 

lesY0T1 - . . , test was made for direct antiphage, using a 

Of 11 cases m w ^ ^ preS ence of antiphage in the blood and yet 

heterologous strain, found in the lesion. In the 2 cases in which 

m 7 of these bacteriop o blood, bacteriophage was present in the lesion, 
no antiphage was ou tfae test was made for indirect antiphage using a 

logons strain, one showed the presence of antiphage in the blood, hut 
; ° , (te was f ouu d in the lesion after twenty-tour hours, while m 2 
bacteriop ^ - was found in the blood, no bacteriophage could 

' , in the lesion after twenty-four hours. In 8 cases no antiphage was 

demonstrated in the blood and bacteriophage persisted in the lesion. 
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1‘hltSISTKXCK Of PHage IX THE LESION 
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the Lesion to the Lesion PaUe>lt f, '° m a Sitc Remotc /««* 

around the original lesion treated ' with ‘* ients '. sateII,te furuucl <» developed 
the bacteriophage from these net leini S 'T t0 folate 

given subeutaueous injections of *' 1 AgaIn ’ 4 P atients were 

tanee from the lesion and Imotn .• * ,° C qliautlties of bacteriophage at a dis- 
the lesions twenty-four hours lutei^ ThlT^ ^ iS ° lated from one of 
ducing only 1+ lysis of the U °V ^ bactcno P ]| age was very weak, pro- 
of two heterologous str-iinc ogous organism, and it produced no lysis 
previously been effective* MlncJl tbe lnjeetecJ bacteriophage had 

the l-ion btfcel,:: 1 ; , Mt “ bacteriophage was evident in 

been transmitted from the site of m prMUm<! tl, “ t il ha<1 eitl,er 

orated. With the exception of this Jeetwn or was spontaneously gen- 
evidence that bacteriophage can be Jan , q " J- 10nable iustauce > we liave 110 
distant from a skin lesion to the lesion Tseff ^ ^ ^ 

Been ^i'rmttd^uitli^Bactc^oplmge—Om^e ^ Uro J’ oe in thc Lcsions Which Ha ve 
in" nro°-env of o a l , ^ ' ^ lU ex Peuence has shown that the surviv- 

lTOd by . i ’“° **P>*«™» «*««> whiell has to 

eo oLs “ P ® e M* 7‘ e ”‘ iro,r produces nonhemolytic 

come mil, ® “° 0<1 “ Sar ‘ ,late - Usually c „,„» ies at first be- 

come fused, some being hemolytic and so.no nonhemolytic, bat in a fe,v in-' 

nccs m on. senes all of the colonies promptly became completely non- 
iemo j ie. n uvo a similar change has occasionally been observed, but it 
required more prolonged contact of the bacteria with the bacteriophage. Of 
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i 7 in 5 of these, the 
2S eases studied, this transformation occur ^ ^t^iophage treatments 
hemolytic variety was replaced alter liu st rains. In another, the 

by a mixture of the hemolytic i , ^hemolytic organisms, while 

hemolytic strain was completely replace • . ^ hemolytie staphylococcus 

in the last case the culture yielded < - possibility of contamma- 

aureus and nonhemolytic Staphylococcus albus. Hie P . 

tion in this ease is recognized. staohvloeoceus from 

We have never observed a trans orma mn^ ^ bacteriophage, but 

nonhemolytic to hemolytic after 111 _ - n patients in the course of 

such a change was observed on tuee oec • ^ became resistant to bac- 

bacteriophagc treatment. Two o jcsc ^ comp l e tely lysed before treat- 
teriophage, whereas the original eu 

ment began. . Wome resistant to tbe bac- 

Tlrese cases also illustrate bacteria ^ was observed in 6 

teriophage during treatment. • 1 re tidie n as the lesions were 

out of 36 cases, and in -1 of these, cu susceptible to bacteriophage 

healing. In 8 instances the bacteria bee &uscep tibility of tbe bae- 

whrle in the remaining 22 cases no change m 

teria to the bacteriophage .toot ^ bad been ^ted int o the lesion, 

It was also observed, aftei batter \ ® rorn'h. Moreover, some 

that the colonies frequently change rom^^ chaQges t ban these could be 
of the colonies became pinpoint, r «™oressed in the presence of bac- 

detected in their characteristics as ea 1 = ° f t he larger carbuncles 

teriophage, except that some of the colonies 

changed in color from yellow to a comp lete destruction of bac- 

At no time could we ® in j e ctions of bacteriophage. They 

teria in the lesion tested witl P disanneared. On several occa- 

persisted even after the slough an ^pus after the removal of the 

sions, moreover, positive cnltu 

terminal scab. lesions in w Hch bacteriophage was generated 

Bacteria also persisted , cons iderable degeneration, however, 

spontaneously. These cu ou<Tbened All of the bacteriophages isolated 

and many of the colonies n e ■ » ^ possesSed cons iderable potency. 

from these lesions were * P ^ ^ can P Quly conc i ude that while the bac- 

From our resul - , characteristics of the bacteria in the lesion, it 

teriophage may change the cliaraciex 

certainly does not completely destroy thei 

VII The Correlation of Various Laboratory Fading, With the Clinical 

and carbuncles run a varied course under the 

individuals. Furuncles tend to be selt- 
variable conditions found in cuuua - .. , 

limhed There is a period of induration, a period of liquefaction and dis- 
,.,' V and a period of resolution. The same periods are more prolonged in 
h ncles The extent of the slough, the rapidity of liquefaction, and the 
Se ami number of 'the drainage openings all modify the period of spontaneous 
c d'iiv' With such variable controls it is very difficult to judge m any given 
-ases whether or not any form of treatment hastens or delays the process of 
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healing. In order to furnish convincing evidence, we must await the acquisi- 
tion of a large series of treated cases with an exactly parallel series of con- 
trols, unless we can apply a clear-cut laboratory criterion. This we are trying 
to establish. For the present we have tried to note from the appearance of 
the lesion after treatment, as well as from the subjective symptoms of the 
patient, whether or not the progress of the infection indicated a favorable 
or an indifferent effect from the bacteriophage treatment. (In no case have 
we had an unfavorable reaction.) We have tried to discover whether this 
could be correlated with (a) the presence of a bacteriophage-inhibiting sub- 
stance, “antiphage,” in the blood, or (b) the persistence of bacteriophage in 
the lesion, or (c) the maintenance of susceptibility to the bacteriophage on 
the part of the invading organism, or (d) changes in the hemolytic action 
of the cultures on blood agar. 

(a) Antiphage : In ill eases a study was made of the presence of anti- 
phage in the blood with the Rosenthal technic, 11 and the tests were carried 
out with the homologous organisms (see Table IV). Eight of these cases gave 
evidence of the presence of both strong direct and strong indirect antiphage. 
After instituting bacteriophage treatment, our belief was that the bacterio- 
phage had exerted a favorable influence in 5 of these and had had no influence 
on the infection in 3. Seven of the cases gave a strongly positive test for 
direct and a negative test for indirect antiphage. Of these, 5 gave a favorable 
response to bacteriophage, while 2 seemed to be slightly improved by it. 
Eight of the cases gave evidence of a weak direct antiphage and no sign of 
indirect antiphage in the blood; and of these, 5 gave a favorable response 
and 2 a questionable response, while one was not affected. Five cases gave 
no evidence of direct or indirect antipliage. Of these, 2 were favorably affected 
and 3 gave a questionable response. The other groups are too small to be 
significant. 


Table IV 

The Presence of a Bacteriophage-Inhibiting Substance in the Blood Serum of the 
Patient Correlated With the Clinical Effect of Piiage Treatment 




ANTIPHAGE 

IN SERUM* 


1 CLINICAL 

EFFECT OF PHAGE 
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DIRECT 
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CASES 

STRONG 
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STRONG 
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0 
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2 I 

5 
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+ 

+ 

1 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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+ 
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+ 
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5 

0 

1 

5 

0 

o 
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0 

1 

2 

0 

0 

2 

0 

0 1 

3 1 

3 

0 

0 

0 

0 

1 

0 

0 

0 


•As determined by Rosenthal’s technic. 


(b) Persistence of Bacteriophage in the Lesion (see Table II)- I_ n 
cases in which the bacteriophage was sought for, twenty-four to ninety -six 
hours after its injection into the lesion, 16 eases out of 20 testec S 
bacteriophage in twenty-four hours. Of these, 14 gave a very 
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spouse while 2 were slightly favorable. Of -1 eases which yielded no bac- 
teriophage after twenty-four hours, one seemed to be favorably affected by 
the treatment while 3 were unaffected. The favorable case had already com- 
pletely liquefied when treatment began. In forty-eight hours, 18 eases were 
tested for the persistence of bacteriophage. Twelve of these cases showed 
bacteriophage in the lesion at that time. Seven of them responded very 
favorably, while in 5 the effect was slightly favorable. Of 6 cases which 
showed no bacteriophage after forty-eight hours, 2 seemed to respond well 
after bacteriophage treatment, while 4 gave no evidence of any favorable 
response. One of the favorable cases had already liquefied. Out of 8 cases 
tested after seventy-two hours, bacteriophage was found in 6 and all seemed 
to be benefited by the bacteriophage treatment. In the 2 cases in which no 
bacteriophage was found after seventy-two hours, one seemed to be favorably 
affected by bacteriophage treatment while the other was not. In the favor- 
able case, bacteriophage had been found in twenty-four hours. In 6 eases 
bacteriophage was sought for, ninety-six hours after its injection. It was 
found in 2 cases only. In 3 others it had been present at twenty-four, forty- 
eight, or seventy-two hours. In all of these cases, the result was favorable. 
In the other ease in which it was not found, it had also been absent at forty- 
eight hours. In this case the effect of bacteriophage was negligible. 

(c) Maintenance of Susceptibility of the Bacteriopliaye on the Part of the 
Culture: After treatment with bacteriophage, as we have stated above, the 
organism cultured from the lesion may show an increased or decreased sus- 
ceptibility to the bacteriophage. This observation was correlated with the 
clinical response in twenty-eight cases (see Table Y). In 25 of these eases 
the organism remained susceptible to tlie bacteriophage. Of these, 20 gave 
a favorable response while 5 were not benefited. In 2 cases the organism was 
only partially susceptible and these eases were not benefited. In 3 eases 
the organism became resistant to the bacteriophage and none of these was 
helped by the bacteriophage treatment. 


Table V 


The Maintenance of Susceptibility to Piiage on the Part of the Culture Correlated 
With the Clinical Effect of Bacteriophage Treatment 



NO. OF 

I CLINICAL EFFECT OF PHAGE 


1 CASES 

TREATMENT 

— — . 


BENEFITED 

NO BENEFIT 

Remained susceptible 

25 

20 


Became resistent 

3 

0 

5 

3 


w , (d) r ’! C C ia l UJCS the Xemolytk Action of the Culture on Blood Amr- 
\\e have stated above that when hemolytic Staphylococcus aureus Is lysed by 
bacteriophage m the test tube, if it is not entirely destroyed, the pro-env 
are generally nonhemolytic. These bacteria are evidently re k l i 
lytic effect of the bacteriophage. In treated eases these forms oft ° * 16 
but not as regularly as in the test tube. The clinical remit ' ^ ai)pear ' 

not as favorable as in those in which the 
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the lesion after treatment, is the same as it was before treatment whether 
it were hemolytic or nonhemolytic. In thirty-four cases in which this point 
was studied, 22 showed no change in the culture and the clinical results were 
favorable in IS and indifferent in 4. In the other 12 cases there was some 
modification of the culture, consisting of a change either in the hemolytic or 
chromogcnie function of the organism. In 4 of these the results were favor- 


Tahle VI 

Granges in the Cultural Characteristics or tjie Bacterial Strains Following Bac- 
teriophage Treatment Correlated With the Clinical Results 



xo. op I 

\ CLINICAL EFFECT OF PHAGE TREATMENT 


BENEFITED 

SLIGHT 

XO 


I CASES 

IIEXEKIT 

BENEFIT 

No change in culture 


■OH 

0 

4 

Change in culture 

Wmmm 

■ ■ 

2 

6 


able, in two there was partial success, either favorable at first and later indif- 
ferent, or indifferent at first and later favorable, while in 6 there was no 
apparent response to the treatment (see Table VI). 

DISCUSSION 

We recognise the difficulty of judging whether or not the administration 
of bacteriophage affects in any way the course of the disease. In order to 
be thoroughly convinced by clinical criteria alone, we should have two ab- 
solutely parallel series, one treated with bacteriophage and one untreated. 
We are at present attempting to assemble two such parallel series, taking into 
account the age of the lesion, its location, the presence and degree of necrosis, 
and the size of the lesion at the time of the beginning of treatment. If the 
results in these treated eases can be correlated with certain consistent labo- 
ratory findings, the latter may be depended upon as bases for prognosis. 

It has been observed repeatedly that the most severe staphylococcus in- 
fections generally yield on culture a hemolytic strain of Staphylococcus aureus. 
Lesions somewhat less severe may yield a culture showing no hemolysis or a 
very slight degree of hemolysis beneath a few colonies on a blood plate. Still 
less severe lesions more often yield Staphylococcus albus rather than S. 
aureus. In our series the primary cultures yielded the usual proportion of 
such variable strains. The cultures which we called a mixture of hemolytic 
and nonhemolytic Staphylococcus aureus may have been pure cultures of the 
intermediate group, but usually those showing frankly yellow 7 and franklj' 
white colonies do represent a mixture of aureus and albus. It is rather sur- 
prising that in lesions of this kind mixtures are not more frequently fount ■ 

In our studies the hemolytic and nonhemolytic strains sliowmd an equa 
susceptibility to the bacteriophages rvkieli we employed. Attention must e 
called to the fact, however, that our organisms w 7 ere freshly isolated fiom 
acute stephylococcus infections and the same results might not have een 
obtained with staphylococci obtained from elironie infections or with cu ures 
grown for some time in artificial media. Thus we did not confirm the observa- 
tions of either dTIerelle and Kakieten or McKinley and Camara whose result 
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were opposed to one another. Dmercuce, in result, eoold probably ^ ex- 
plained bv differences in the bacteriophages employed. I hi.-, p - n 

seem to be important. There does seem to be some siguiticaum • ' q 

the fact that both in the test tube and in the patient the orga => » 
certain changes after contact with the bacteriophage. The hemol.u c suatim 
frequently become nonhemolytic, the smooth strains tend to become * - 
and while thev mav become more resistant to the lytic action or the bacteno 
phage, both of these changes are in the direction of nonviruleuce It jhouW 
be remembered that this occurred more consistently m the test n 
the patient, but such changes occurring in the lesion might ku or ^ P 
recovery from the infection by the action of the defensive forces or the body. 

The persistence of the bacteriophage for twenty-four hours or moie _ in 
the lesion after one injection is of considerable importance from a p * 
dewpoint. We do not feel that there is any evidence that it actually propa- 
gates itself there, and when injected elsewhere w hat ma> appeal in le « 
gives no evidence of increasing either in quantity or m po encj. n 
evidently something inhibits the multiplication of the bacteriophage^ and yet 
it is not due to the presence of any inhibiting substance in the patient s senna 
if Rosenthal’s method can be relied upon, for the failure of the bactenop i 
to persist in the lesion does not run parallel with t e presence o su ' 
stance in the blood as shown by this test. If Rosenthal and Raiga obtamed 
better results in their cases by autohemotherapy it is hard to belie e t 
this fact is due to any alteration of this substance m the blood The fadu 
to corroborate their results has induced us to study this phase of the problem 
more fully. The failure of the bacteriophage, recovered fiom the -nound 
either after twenty-four or forty-eight hours, to act at incubator temperature 
would seem to indicate that it is less potent than the original bacteriophage, 
and it is, therefore, overwhelmed by the growth of the organisms at the 
temperature most suitable for their propagation This temperature is ot 
course, the temperature at which bacteria grow m the body and therefore, 
the inaction of the bacteriophage at body temperature may be of some sig- 
nificance. 

The weakening of the bacteriophage by its habitation in the lesion for 
twenty-four hours was also indicated by the development of secondary growth 
after lysis With the potent bacteriophages originally employed, secondary 
culture formation seldom occurred, but with the bacteriophages obtained 
from the lesion, either those arising spontaneously or those persisting for a 
day or two after instillation, secondary growth was the rule. 

All of these results fail to support the idea that the bacteriophage propa- 
gates itself in the lesion. This points to the necessity of frequent reinoeula- 
tions of the bacteriophage into the lesion. If bacteriophage is not reinjected 
into the lesion, at the end of twenty-four hours the growth of bacteria un- 
touched by the original injection may continue unabated. These facts need 
further elucidation, but in the meantime there is a very definite indication 
for the frequently repeated administration of large quantities of bacterio- 
phage. if it is to be used at all. Until we know what is inhibiting its propa- 
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gation in the body or in the lesion we must expect very little action following 
its injection at a distance from the lesion, except whatever may be gained 
from the injection of the lytic products of the bacteria. 

In attempting to correlate the clinical results with certain laboratory 
findings, it would appear from the above observations that the presence or 
absence of antiphage in the blood as determined by Rosenthal's method has 
little or no etfect on the usefulness of bacteriophage treatment. This point 
will be studied further and enlarged upon in another paper. However, the 
persistence of bacteriophage in the lesion and the persistence of susceptibility 
of the culture to the bacteriophage, as well as the absence of the development 
of progeny having cultural characteristics different from the original culture, 
are all factors of considerable importance. These three may all be important 
because they may indicate the potency of the bacteriophage. If there can be 
any other simple laboratory method of determining the potency of bacterio- 
phage and maintaining its potency, the problem will be greatly simplified. 
But the efficiency of any treatment is determined to a great degree by the 
phase of the disease in which the treatment is begun. This is particularly 
true of infections for even after the infection is under control the process of 
healing is greatly modified by the kind and extent of the tissues which have 
been destroyed. 

SUMMARY 

One hundred and ten cases of furuncles and carbuncles have been studied 
from the point of view of the cultural characteristics of the strains of staphylo- 
coccus obtained from them and the susceptibility of those strains to the lytic 
action of bacteriophage as well as the changes in the cultural characteristics 
of these strains both in the test tube and in the lesion following the repeated 
administration of the bacteriophage. Certain features of the behavior of the 
bacteriophage and its persistence in the lesion have also been studied, and 
an attempt has been made to correlate the persistence of the bacteriophage 
or the disappearance of it in the lesion with the absence or presence of an 
inhibiting substance in the patient's serum known as antiplmge. Our find- 
ings were briefly as follows : 

1. A relationship could not be demonstrated between the hemolytic or 
nonhemolytic properties of the staphylococci and their susceptibility to bac- 
teriophage. Of the 110 strains tested, only three were resistant. In the whole 
series, 81 were hemolytic Staphylococcus aureus and 18 were nonhemolytic 
Staphylococcus aureus. The rest were intermediate or mixed strains. These 
tests were all made with freshly isolated strains of bacteria and with several 
potent bacteriophages. The results indicate that if potent bacteriophages aie 
employed practically all strains of staphylococci from acute lesions can be Ijsed. 

2. The bacteria in the lesions were found to be altered in their cultural 
characteristics following the repeated injections of bacteriophage. After 
twenty-four hours the colonies on the blood plates showed degenerative 
dlianges, areas of absent growth, and “a moth-eaten appearance.” At foity- 
eight hours these changes were not as marked, although after more injec- 
tions, the colonies sometimes became roughened and pinpoint m size. A eu 
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changed h their chrome, tie STSMl 

ertie. Some became more r»' » ° b e unchanged in 
resistant. In the majority of » ^ demonstrated that the 

their susceptibility to bactenopha 0 . ‘ ‘ irnections of 

lesions became absolutely free of bacteria either Iter repeated. mjeet.o^ot 

bacteriophage or when the bacteriophage was geneta botll on the 

"t Sr"“ I, 1t«y“t !T.« 

isolated from the lesion at the end of twenty-four hours and fo« 3 -et.h hou^ 

At these intervals the baeteria showed evidence of **™£**"J 
at the twenty-Eour-hour period. The bacteriophage could also be 
from the filtrate o£ cultures incubated at room temperature afte » entydwo 
and ninety-six hours, after instillation into the lesion, but m a much weakened 
state. While the bacteriophage persisted m the esion and still had some 
destructive action after twenty-tour hours, it did net merme n, potency 
as it did in the test tube. Instead, it grew progressively weaker. 

4 In about a third of these cases, the serum of the patients was tested 
tor the presence o£ -antiphage,” a substance which has the power to -mb** 
the action of bacteriophage in the test tube. This principle was ^T^ , 
blood serum of a number of these patients, but there was no common be- 
tween this fact and the persistence or disappearance of bactenopha D e m 
lesion 

s' The favorable clinical effect of the use of bacteriophage seems to have 
some correlation with the persistence of bacteriophage m the lesion and the 
maintenance of the cultural characteristics and susceptibility of the strain 
producing the disease and may have little or nothing to do with the presence 
or absence of the so-called “antiphage” (bacteriophage inhibiting substance) 
in the blood serum of the patient. 
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CORONARY OCCLUSION AND SUDDEN DEATH 


A Study Baskd Upon a Review op 3-15 Necropsies Performed at the Board 
op Health Laboratory, Ancon, Canal Zone, Between 
April 15, 1932, and April 15, 1933 


Capt. Elbert DeCouksey, MX'., U. S. Army, Ancon, C. Z. 


HISTORY 

X* ORONARY occlusion was recognized and described at autopsy by patliol- 
^ ogists forty to fifty years before wide medical interest was aroused in the 
disease about 191S. Coronary disease “has only been generally recognized and 
found to be extremely common since about 1926,” according to Rolleston, 1 who 
also states that the condition was first described adequately by Weigert in 1SS0, 
but that a clinical diagnosis of coronary thrombosis was made in 1S7G by Adam 
Hammer. In a general review, Benson- traces first observations on coronary 
sclerosis to Drelincourt in 1700. Dock recognized the disease during life in one 
patient, and in 1896 reported the case with autopsy confirmation. 3 In 1910, 
in Germany, two Russians, Obrastzow and Straschcsko* adequately described 
the clinical syndrome. Herrick 3 soon described the disease in America. Osier 1 ’ 
early correlated the clinical and pathologic findings; he believed that the dis- 
ease was one which affected mainly the upper classes, and he used as examples, 
John Hunter, Charcot, Nothnagel, and William Pepper, each of whom died of 
coronary disease. 

CASE REPORTS 

There arc a few general considerations to be mentioned before reviewing 
the cases listed in Table I. A constriction of 95 per cent or more of the arterial 
lumen is considered as occlusion in this paper. All autopsies were performed 
within twenty-four hours postmortem, and included examination of the brain, 
microscopic examination of all organs, and except in embalmed bodies, serologic 
and chemical examination of the blood and spinal fluid. In the embalmed 
bodies fixing fluid generally was flowing into the right common carotid artery 
within three hours after death. Cases 1 to 11, inclusive, are of coronary sclerosis; 
Cases 12 to 15, inclusive, are of coronary sclerosis with thrombosis; Cases 16 and 
17 are of constriction of the coronary orifice by syphilitic aortitis; and Case 18 
is of coronaiy embolism from a mitral valve vegetation. 

DISCUSSION 

Agc . — As shown in Table II, the fifth and sixth decades claimed the most 
cases. This frequency is one decade younger than the usual published figures, 

•From the Board of Health Laboratory. 

Received for publication. December 23, 1933. 

Read before the Medical Association of the Isthmian Canal Zone, July 
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and may be explained by the relatively yc )vmgcv- J^dHol It/ 

Z«c. However, this » »». . *“£*£££ Wore Sf.y-o.ro 

who in a study of 2S i cases found th. * veaTS 0 f age in 75 per cent, 

years of age in 33 per cent and °i ‘ b ‘ efore f' ort y, not uncommon between 
According to Eggleston 3 the disease is . an(1 seYC nty. The ages of the 

forty and fifty, and most fvequen e , orifice cases may be much 

emholie and of the syphilitic constnc 10U died su ddcnly from syphilitic 

younger. The age of a black female 

atresia of the left coronary orifice was six cent) than females (12.5 

Su._Tl.crc were many man .mate JL ^ „. e smt the 

per cent), and since in the Can , represen t the existing situation. 

morgue for autopsy these figures P - - cen t in the number 

Published series show a variation from about 1U 

of females affected. bodies over 0 nc year of age only 78 

Race . — Although m autopsies - ‘ was exa ctlv twice as numer- 

were white, the number of °c on ffldering all type's of coronary oc- 

ous m the white as m the black ’ j aitc raC e, the usual finding, 

elusion there was a marked preponderance m the win e d 

,a» (2, 8, 10 a.ul M), tta« of cares. Cardiac 

showed sclerosis with thrombosis • ^ or epigastric discomfort), fever 
pam, gastric symptoms (of uaus tempe rature reading may be below 

(because of the profuse sweat \ ^ generally indicate the presence 

normal, but a rectal ^ ^ {n two cases tachycardia, low blood 

of fever) and/or cough , . Enlarged heart, pericardial friction 

pressure aud leucocyte w « e d once 

rub, and albummuna weie J^oucc intetcgti t0 note that in a study 
and correctly aide in * p^B^t Brigham Hospital in 1923, Weam s stated 
t “^ri^ical or characteristic electrocardiographic curve of the 

condition ” The clinical symptoms arc due to the ischemic necrosis of the 
condition. t well deseribcd in the literature,’ and m recent text- 

boote ^lamman- lms collected the symptoms into four groups based upon the 
hooks ttam , ,, m The immediate symptoms associated with 

~ £££ a ..omW, pad. and shock nvanifcs.ed hy pros.ra- 
tion fall in blood pressure, and suppression of urine; (2) the symptoms asso- 
ciated with the mvocardial change; namely, dyspnea, feeble cardiac impulse, 
and chronic passive congestion manifested by cyanosis, pulmonary edema eu- 
lar" C d liver and albuminuria; (3) the symptoms associated with myocardial m- 
f-uctioiv namely fever and leucoeytosis, pericarditis, and embolic phenomena; 
and (4)’ additional symptoms such as gastric, vasomotor and nervous. 

The longest duration of symptoms before death in sclerosis was three and 
one-half vears (Case 21, and then the patient died suddenly. One patient had 
symptom's for six months; 2 had symptoms for two months; and 2 had some 
previous but slight symptoms. In 3 the duration of symptoms is unknown. 
Since the mortality of the first attack is only about 16 per cent, 7 prompt vccogni- 
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Table II 


Types of Coronary Occlusion 



CORONARY 

SCLEROSIS 

WITHOUT 

THROMBOSIS 

CORONARY 

SCLEROSIS 

WITH 

THROMBOSIS 

SYPHILITIC 

ATRESIA OH 
CORONARY 
ORIFICE 

CORONARY 

EMBOLISM 

TOTALS 

No. of Cases 

it 

•i 

•> 

i 

18 

Ago 20 

0 

0 

0 

i 

1 

30 

0 

0 

l 

0 

1 

•JO-17 

i 

1 

0 

0 

5 

50-59 

6 

1 

1 

0 

s 

02-03 

0 

o 

0 

0 

2 

72 

1 

0 

0 

0 

I 

Sex 






Male 

10 

•i 

o 

0 

16 

Female 

1 

0 

0 

1 

O 

Race 






White 

0 

•1 

0 

0 

10 

Black 

5 

0 

o 

1 

8 


tion is an advantage for earlier and prolonged rest treatment and a better func- 


tional outlook. 

Pathology . — Unfortunately "coronary thrombosis and infarction of the 
heart are generally spoken of in the same breath as if they were one and the 
same thing,” 12 whereas ischemic necrosis of the myocardium may result from 
only - an extreme degree of narrowing of the coronary arteries, a lesion too seldom 
stressed in the literature. That "the obstruction is almost always due to the 
development of a thrombus” 3 is not borne out by postmortem findings (Boyd, 1 - 
Willius, 13 and Bedford 13 ). The clinical use of the term "Coronary Occlusion, 
due to . . . (type of lesion) ” is suggested. 

In every case of sclerosis with or without thrombosis the occlusion was m 
the left coronary artery, and in only one case was it not in the anterior descend- 
ing branch. The typical location for the largest atheromatous patch was from 
2 to 3 cm. beyond the bifurcation of the main artery. In coronary disease the 
statistical evidence is in favor of a diagnosis of left coronary occlusion unless 
there is some definite evidence for right coronary occlusion, such as emboli m 
the lungs from a mural thrombus in the right ventricle. The right coronary 
artery was the seat of the lesion only in the case of embolism. The left coronary 
w'as the seat of the lesion in 16 of Wearn’s 8 19 cases. Of 33 cases with autopsy, 
Willius 13 found the left coronary artery occluded in 29, the right in 2, and 
both in 2. 

The areas of ischemic necrosis generally appeared in the anterior portion of 
the left ventricle near the apex; in four cases they also appeared in the left side 


of the interventricular septum. Although in 10 cases there were distinct gross 
acute infarcts, in only 3 of them were there conspicuous white infarcts. It is 
necessary to closely inspect the myocardium because “acute infarct formation 
may frequently be overlooked in the gross specimen.” 14 Ischemic necrosis was 
evident in every case microscopically. Such a heart embalmed immediately aftei 
death presents an easily discernible infarct which is characterized by a pm' 
area of softness (devoid of arterial supply) surrounded by firm, fixed myo- 
cardium; postmortem blood clotting which has occurred before embalming ma> 
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obstruct a coronary artery and the surrounding myocardium may simulate an 
antemortem infarct, but then the microscopic picture of swollen muscle cells wi 1 
granulation, loss of striation, shrunken nuclei, leucocytic infiltration and o a 
bordering zone of hyperemia is absent. An infarct which extends to the endo- 
cardium offers an opportunity for the formation of a mural thrombus (only 
one, Case 14, in this series) and resulting emboli, or, the infarct may extend to 
the pericardium and bring about a pericarditis. An infarct may become thin, 
form a myocardial aneurysm, and finally rupture. Myofibrosis, evidence of 
previous anemia, was found in all cases except the one of embolic occlusion. 
Generalized arteriosclerosis was found in 14 eases; and in 2 cases syphilis maj 
have been the etiology' of the sclerosis. An enlarged livei (1,750 gm. oi o\ei) 
occurred in only 50 per cent, a low figure. Albuminuria was present in 66 per- 
cent of the cases in which urinalysis was done. Extraeardial thrombi were found 
in only 2 cases. Meakins 11 in 62 eases of coronary artery thrombosis found 
extraeardial thrombi in 40 cases. 


Table III 

Sudden Death, All Causes 



CORO- 

NARY 

OC- 

CLUSION 

RUPTURED 

AORTIC 

ANEU- 

RYSM 

MYOCAR- 

DITIS 

PUL- 

MONARY 

EM- 

BOLISM 

UNDE- 

TER- 

MINED 

HEAT 

PROS- 

TRATION 

TOTALS 

No. of Cases 

13 

4 

3 

2 

2 

i 

25 

Age 19 

0 

0 

0 

0 

i 

0 

l 

20-29 

0 

1 

0 

0 

0 

0 

1 

30-39 

1 

0 

1 

0 

i 

0 

3 

40-49 

3 

1 

2 

0 

0 

1 

7 

50-59 

7 

1 

0 

2 

0 

0 

10 

60-69 

2 

0 

0 

0 

0 

0 


70-79 

0 

1 

0 

0 

0 

0 

1 

Sex 

Male 

13 

4 

3 

0 

2 

1 

23 

Female 

0 

0 

0 

2 

0 

0 


Race 

White 

8 

2 

1 

0 

0 

0 

11 

Black 

5 

o 

2 

2 

2 

1 

14 


Sudden Death . — Excepting the accidental and traumatic deaths there were 25 
sudden deaths from all causes. Table III shows the various causes with age, 
sex, and race figures. Cerebral hemorrhage is a clinical diagnosis commonly 
made at sudden death. Death from cerebral hemorrhage occurred in only 3 
cases within twenty-four, twenty-three, and fourteen hours, respectively, after 
the strokes. “Of all sudden and unexpected deaths, apoplexy furnishes the 
fewest autopsies and inquests.” 15 The largest single cause was coronary oc- 
clusion, which was more frequent than all other causes combined. It is interest- 
ing to note that of 11 cases of sudden death in the white race, 8 were of coronary 
occlusion. Table IV shows the various types of coronary artery occlusion which 
caused sudden death. Major MeXabb," 1 in reviewing the 34S autopsies he per- 
formed in a year at the Canal Zone Board of Health Laboratory, found 14 cases 
of sudden death caused by coronary occlusion, and that “60 per cent of sudden 
deaths were a result of myocardial failure resulting from coronary lesions.” In 
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a recent study of 198 patients brought in dead, Bedford 14 found “coronary artery 
disease, 80 eases, and atheroma of coronary arteries, G3 cases.” 


Table IV 



Sudden 

Death Fnou Couonaky 

Occlusion 



.SCLEROSIS 

THROMBOSIS 

SYPHILITIC 

ATRESIA Or ORIFICE 

TOTALS 

No. of' 1 eases 

s 

3 

*» 

13 

Age 

30-39 

0 

0 

i 

1 

40-49 

3 

0 

0 

3 

50-39 

5 

1 

1 

7 

00-09 

0 

o 

0 

O 

70-79 

0 

0 

0 

0 

Sex 

Male 

s 

3 

o 

13 

Female 

0 

0 

0 

0 

Race 

White 


3 

0 

s 

Black 


0 

o 

5 


Scott 17 has aptly said “when a man beyond forty and in his usual health 
is seized with a severe attack of substcrnal pain, accompanied by shock, circula- 
tory collapse, and dyspnea, we may assume that something definite has happened 
in the heart. If the patient dies in a few minutes, we may be reasonably sure 
that be has had a circulatory accident, most likely coronary. Indeed, more than 
90 per cent of all individuals dying suddenly . . . will show at autopsy a cardiac 
lesion, coronary disease ... or rupture of the heart at the site of an old or 
recent infarct. In a few cases a ruptured aorta is found. Very rarely does 
cerebral hemorrhage kill in a few minutes. In spite of these well-established 
facts we still find such erroneous diagnoses as ‘acute indigestion,’ or ‘ptomaine 
poisoning’ given as the cause of sudden death.” 

SUMMARY 

In a study of 345 consecutive autopsies, of which 286 were upon bodies 
over one year of age, representing 208 negroes and 78 Caucasians, and which 
were performed one calendar year, there are presented : IS eases of coronary oc- 
clusion produced by sclerosis without thrombosis (11), sclerosis with thrombosis 
(4), syphilitic constriction of a coronary artery orifice (2), and embolic oc- 
clusion (1); a discussion of the symptoms and pathology of coronary occlusion; 
and a discussion of 25 eases of sudden death, 13 of which were caused by 
coronary occlusion. 

It is suggested that the inaccurate general term “coronary thrombosis” be 
used only when an actual thrombus is present. 

The following working rule is suggested: Unless there are signs definitely 
indicating other disease in a white male over forty years of age who dies within 
three hours after the onset of cither respiratory, cardiac, or gastric symptoms, 
the cause of death is coronary occlusion. 
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ALPHA D IN ITRO PHENOL AND ITS INFLUENCE UPON METABOLISM* 


William Eguekt Rouektsox, M.D., F.A.C.P., Philadelphia, Pa. 


IV/TY INTEREST in this chemical substance was are 
IYJ War. The reports of eases of acute and others t 


roused during the Great 
reports of eases of acute and others of chronic intoxication; 
the circulatory disturbances in the former and the progressive loss of flesh, 
anemia, and sweating in the latter, and even sudden death among some of the 
acute manifestations, naturally invited attention in relation to the manufacture 
of munitions, especially during that period when part of this industry de- 
volved upon the United States. When the pernicious potentialities of certain 
of the chemicals utilized in the making of explosives were clearly recognized, 
successful methods of safeguarding those in the industry were introduced. 
It was this factor probably which caused a lag in the attention originally 
given to the subject. However, during the past two years especially, numer- 
ous articles have appeared, most of them in the French journals, particularly 
by pharmacologists and physiologists. Host of the published work has dealt 
with the effects of nitrated naphthois, specifically dinitro-alpha-naphthol, often 
referred to for the sake of brevity as D. A. N. Of the two isomers, alpha and 
beta-naphthol, the nitrated alpha-naphthol has received the greater attention. 
These two are derived from coal tar, or are prepared synthetically by hydrat- 
ing the hydrocarbon naphthalene. The phenol group consists of nitrated 
hydroxyl derivatives of benzene. Both the naphthol and phenol groups are 
toxic in certain doses. Both are thermogenic, also in appropriate doses, but 
the naphthol group is more selective in its thermogenic properties, for certain 
animals fail to develop fever, irrespective of the route by which the drug is 
administered. 


Renewed and widespread interest has been stimulated by the recent 
article by Cutting, Melirtens and Tainter, 1 and still more recently by the pub- 
lications of Anderson, Reed and Emerson 2 and by Tainter, Stockton and Cut- 
ting. 3 Each of these reports dealt with alpha-dinitropheuol (1:2: 4), and, as 
the Preliminary Report of the Council 4 stated, “this compound is relatively 
new both to pharmacology and to clinical medicine.” To those who know 
something of the literature of this subject, and particularly if thej r have had 
some clinical experience with this chemical, the advice of the Council will be 
regarded as sound. “There are limitations to and possible dangers from the 
use of the ding clinically. It slioidd be used only under strictly controlled 
conditions.” Pertinent to this quotation, it may be stated that the dose should 
be accurate, based upon the weight of the patient, and converting metric into 
apothecary's weight may introduce a possible error. I seriously question 

•From the Medical and Metabolic Departments of The Philadelphia General Hospital. 

Received for publication, December 28, 1933. 
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months with no appreciable ill ^ e ’ and ver y high metabolic rates^ 
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tliyroidism. Owing to the rapid ^ ^ thg difficu i t y in control mg diets 

passes “from hand to mouth ■ a we ll-organized metabolic depa 
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of pain in various parts of h>- workin „ Decidedly short, his average weight 
and dyspnea prevented lum years . Nineteen months prior to his ad- 
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dolorosa and not unusual in the nodular, circumscribed variety. This nodular 
distribution he first noted thirty years ago and gradually the tumefactions 
increased in number, a few having become quite large, llis bowels were regular, 
his habits good. lie denied the use of alcohol. No syphilitic history, Kalin 
negative. Family history of no importance. His past history was good, but for 
a postnasal catarrh for some years and moderate deafness, especially in the right 
ear, which followed a severe cold ten years ago. For some months he had a 
productive cough and an occasional night sweat. 

Physical Examination . — Not of pituitary type. No abnormal distribution 
of hair. Teeth in poor condition. A little pyorrhea. Tonsils enlarged. Few 
rales at bases of lungs. Heart: 13 cm. from midline to left border. No mur- 
mur. Muscle tone suppressed and distant. Pulse rate 80. Blood pressure, 
142 systolic; 90 diastolic. Abdomen: No gross pathology noted. Genitalia: 
normal. Eyes: Pupils reacted normally to light. Veins overfull. No patho- 
logic findings on examination of fields. Skull: X-ray of bones of skull was 
negative. No evidence of intracranial pressure. Sella slightly larger in ver- 
tical diameter than normal. A narrow bridge of bone passed from the an- 
terior to the posterior clinoid, but the elinoids were otherwise normal. One 
of the circumscribed, fatty masses was removed for a biopsy. Dr. R. P. Custer 
reported the finding of typical adult fat supported by the usual fibrous 
trabeculae. 

Before any of the drug was given to him, he had a basal metabolism rate 
of plus 6 on one occasion, plus 8 on another. His blood counts and urine 
were normal. Blood cholesterol 270, and his calcium 12.6 and 10.3 at different 
times. Liver function by the bromsulplialine and by the Quick, benzoic acid 
methods were both normal. Without dietary restriction, limiting fluid to 
1,500 c.c. daily, he lost four pounds in nine days, his weight now being 210 
pounds on July 27, 1933. On Aug. 9, 1933, he was placed upon a diet of 

Proteins Fats Carbohydrates Calories 

100 50 100 1,250 

Fifteen days later, on Aug. 24, 1933, he weighed 205 pounds, a total loss of 
but 9 pounds in thirty-seven days, approximately 3 /± of a pound a day. On 
Sept. 18, 1933, he was admitted to the men’s metabolic ward and the metabolic 
study was begun. At this time he weighed 197 pounds, a total loss of 17 
pounds in sixty-two days, a little over % of a pound a day since his admission 
to the hospital. Up to this date he had received no dinitropheuol and during 
this period his basal metabolism rate was plus 6 on July 27, 1933, and plus 8 
on Aug. 24, 1933. On Sept. 18, 1933, his fasting blood sugar was 100 ; Urea N. 
0.013 ; CO„, 59 vol. per cent. For the next three days he was kept upon the 
following diet: 


Proteins 

100 


Fats 

50 


Carbohydrates 

100 


Calories 

1,250 
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Sept. 22, 1933, bis diet was changed as follows: 


Proteins 

So 


Fats Carbohydrates 

00 200 


Calories 

1,680 


Sugar 

Fasting 
1 hour 

1 hour 

2 hours 

3 hours 


Tolerance 

83 mg. 
132 mg. 
134 mg. 
90 mg. 
61 mg. 


TIME 


Sept. 25, 1933 

A.M. 7 :30 
6 a. M.— 9 A II. 

8:50 
9:15 
11:15 
9 A.IL— 12 Noon 
p.m. 1:15 
12 Noon-3 p.m. 

3:15 


Sept. 26, 1933 

A.il. 8:20 
6 A.M .—9 A.IL 
9:00 
11:00 

9 A.IL— 12 Noon 
P.M, 1:00 


B.S. 

MG. 


UBIN'E 
GIL X. 
PEP. UR. 


R.Q. 


B.II.B. 


CAL. PEE UP.. BUBN’ED PKOM 


PKOT. 


PAT 


No breakfast or lunch, regular supper 
92 ' ' ' 


0.511 

| 0.78 

0.45 gm. dinitroplienol 


93 


102 


0.415 

0.424 


0.75 

0.74 


0.74 


+ 6 

+37 

+37 


+44 


13 

11 

11 

11 


49 

87 

87 

92 


CARB. 


No breakfast 


0.73 


. 0.447 , 

0.45 gm. dinitroplienol 


Sept. 27, 1933 

A.M. 8:50 
9:00 
11:00 


Sept. 28, 1933 

A.M. 8:50 
9:25 
10:25 
11:25 
12:25 
9:25-12:25 


0.492 
Regular luneli 
and supper 


0.73 

0.69 


+24 

+52 

+54 


12 

13 

13 


71 

89 

98 


0.73 


+27 


Regular breakfast plus’ 0.36 gm. dinitroplienol 
- b , , _ i o.85 1 J-72 I 


Regular lunch 
and supper 


+72 


Oct. 1, 1933 
Oct. 3, 1933 

a.il 8:45 
Oct. 7, 1933 


101 | 1 VF.UV J # I 

100 gm. glucose plus 0.45 gm. ^dinitroplienol 




0.80 


+24 


13 


180 

118 

74 


0.491 


0.81 

0.93 

0.91 


+38 

+41 

+33 


13 

13 

13 


51 

55 

12 

20 


Readmitted to Men’s medical ward 


0.76 


+ 7 
+36 


14 

12 

6 

8 


WEIGHT 


7 

0 


31 

76 

62 


194 


193 


It will be noted that from Sept. 18 to Oct. 3, 1933, a total of fifteen days, 
lie lost an additional four pounds in weight, or approximately one-quarter 
pound per day. Following his return to the medical i\ ard, he was not given 
dinitroplienol for a couple of day’s, lienee his return to a basal metabolic 
rate of plus 7, with a respiratory- quotient of 0.76. The dose of 0.45 gm. 
given at one time on September 25 and 26, the first two days of the observa- 
tion, was equivalent to 5 mg. per kilo. The same dose was given on Septem- 
ber 2S, but on September 27 the dose was less, being but 4 mg. per kilo. 
Despite the smaller dose on this day’, the basal metabolism rate rose to plus 
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72, very much higher than it had done on September 25 and 26, which were 
fasting periods. We interpreted this as being due to the specific dynamic 
action of the food, plus the elevation of rate due to the drug. It will be 
evident, therefore, that in the ambulatory individual on a full diet, even 
smaller doses should be employed. One woman who was on a full diet and 
ambulatory, except during the period of study of her rates, with a basal rate 
of minus 27, was given but 1 mg. per kilo. One hour later her rate was minus 
22, and after another hour it was minus 13. hi none of the various observa- 
tions above cited was there any appreciable change in temperature and pulse 
or respiration. On another occasion. I intend to present other phases of this 
subject, but at this moment my chief concern is to advocate a small dose once 
a day of 3 mg. per kilo, or even better, but 2 mg. per kilo over a long period 
of time, to the obese individual who is not a diabetic, and is engaged in a daily 
routine, i.e., not bedridden. This T regard as perfectly safe. Weight will 
not be lost rapidly and many days may elapse after the drug is first given 
before the weight begins to fall, but it is fairly steady and continuous subse- 
quently. In the case of J. S„ the subject of this special study, as previously 
stated, there was a loss of but 17 pounds in sixty-two days before dinitro- 
plienol was given. Under a strictly controlled diet, three partial fasting days 
being included in a total of seventeen days up to the day of his discharge 
from the hospital on October 12, his weight fell to 187 pounds, a further loss 
of 10 pounds, or at the rate of three-fifths of a pound per day. The metabolic 
study in the case of J. S. shows the time factor in the development and the 
extent to which the basal metabolism rate is raised on a dose of but- 5 mg. 
per kilo. At the same time the respiratory quotient was slightly lowered on 
September 25. With but one meal on this day and no breakfast next morn- 
ing, a further lowering of the respiratory quotient is what would be expected. 
This progressive drop in the respiratory quotient, during the first two days 
of the study, does not necessarily mean that the oxidation of fat is stimulated, 
though very suggestive. The low calory intake must also be considered. It 
seems equally evident that the extra oxidation caused by the drug was not 
accomplished at the expense of protein or carbohydrate. The progressive in- 
crease in calories of fat burned per hour on each of the first two days, when 
considered in the light of the other findings portrayed, makes it very prob- 
able that the very evident increase in oxidation is at the expense of the fat. 
A side light is shed on this feature in our obese cases of cardiac decompensa- 
tion. Presumably the interface phenomena of fat and water in the edematous 
cardiac case, in some way affords a firmer binding of the two. The basal 
metabolic rate does not mount quite so high, and until the tissue fluids have 
been mobilized and in large part excreted, there is no appreciable loss of flesh 
and the loss is very gradual when it does occur. An attempt to reduce the 
weight of the obese individual with myocardial involvement is manifest!} 
justifiable, but it remains in doubt as to whether it is advisable to attempt it 
by means of diuitroplienol. 

The study of sugar tolerance after 100 gm. of glucose plus 5 mg. per kilo 
of the drug, indicates that sugar utilization during the first hour may be m- 
■ hibited. At the end of the second hour the blood sugar is essentially norma , 
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and the respiratory quotient of 0.93 is what one would anticipate, even had 
no drug been given. Jji experimental work on animals with dinit ro-alpha- 
naphthol, an early rise in the blood sugar has been noted and the liver and 
muscle glycogen are reduced. 

It is of further interest to note that a single dose of 5 mg. per kilo, given 
during the fasting state, caused a rise in the rate of 31 per cent in less than 
two and one-lialf hours, and a total rise of 3S per cent in about six and one- 
half hours. Twenty-four hours after the administration of the drug, the rate 
remained 18 per cent above his basal rate of the previous day. On another 
occasion, two hours after a dose one mg. less per kilo, given with his regular 
breakfast, there was a rise of 45 per cent in his rate, but this was regarded 
as a summation effect. The rapid action of the drug upon heat production in 
the fasting state was very similar on the two days. On the first day this was 
31 per cent and on the second day 28 per cent, each in a little over two hours. 
Oxidation was much less rapid and less pronounced when the drug was given 
with a glucose meal, than when it was given alone and in the fasting state. 

COMMENT 

1. A metabolic study of the effects of dinitroplienol has been reported. 

2. The rapid increase and degree of oxidation have been shown, (a) in the 
fasting condition, (b) when given with a glucose meal, (c) the summation effect 
of drug and regular meal. 

3. The probability that oxidation occurs at the expense of fats has been 
suggested. 

4. The question of dosage has been considered and in the light of present 
knowledge, doses of 2 to 3 mg. per kilo at one dose daily have been advised. 

5. It would seem unwise to use it in a case of diabetes or in an edematous 
individual. 

6. In appropriate doses, though its oxidative properties are striking, weight 
loss is not rapid, nor is there any appreciable effect upon temperature, pulse, or 
respiration. 
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ABSORPTION OF DEXTROSE FROM THE HUMAN 
GASTROINTESTINAL TRACT’' 


Max Wisiixofsky, M.D., Brooklyn-, N. Y. 


IN 1925, Cori, 1 as a result of an ingenious method by which absorption of 
saccharides from tlie entire gastrointestinal tract of rats was studied, came 
to the conclusion that (1) a proportionality exists between the absorbing 
surface of intestine and body weight in growing male and female rats, and 
(2) the rate of absorption of hexoses is constant and is independent of the 
absolute amount and of the concentration of sugar present in the intestine. 
He calculated the absorption x’ate to be 1.78 grams of dextrose per kilogram 
of rat. 


Trimble, Carey and Haddock, 3 utilizing Cori’s technic in dogs, made sub- 
stantially the same observations. They found that the rate of absorption of 
dextrose from the intestinal tract of dogs is one gram per kilogram of body 
weight per hour; also, that this rate is constant and not influenced by: (a) the 
concentrations; (b) the absolute weight of dextrose ingested; (c) lengths of 
absorption period; (d) weights of the animals used; and, (e) excitement occa- 
sioned by experimentation. 

MacKay and Bergman, 3 also employing Coil’s method of study, made 
findings entirely at variance with those of the latter. They concluded that 
(1) the absorption rate of dextrose per unit of time from the intestinal tract 
of male and female rats of various ages bears a more constant relation to 
body surface than to body weight, and (2) the absorption coefficient (amount 
of dextrose absorbed per unit of body surface per hour) is raised by increases 
in either the amount or concentration of dextrose administered. "Whatever 
the dose, the rate of absorption decreases with time after it is given. Pierce, 
Osgood and Polansky 4 and Burget, Moore and Llovd 5 previously had made 
observations which are in agreement with those of MacKay and Bergman. 
In addition they found that the total amount of dextrose absorbed and the 
amount absorbed per 100 gram of body weight per hour varies within wide 
limits. These variations are not dependent on body weight or upon the 
actual amount of dextrose fed. 

In animal experiments, then, the findings and conclusions of the various 
investigations are diametrically opposed to each other. 

Jacobsen 6 found that the administration of water does not influence the 
‘‘fasting” blood sugar level. Strouse 7 made similar observations, and m 
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addition noted that the “fasting” blood sugar level is not changed by in- 
creased excretion of water. Boe* found in dogs that the administration of a 
dilute solution of dextrose causes only an insignificant rise in blood sugar; 
whereas a more concentrated solution caused a much higher rise. This may 
be taken as evidence that the more concentrated the solution the greater is 
the rate of absorption. 

Direct methods of study of the absorption of dextrose from the gastro- 
intestinal tract are, of course, not applicable to man. We are, as a consequence, 
deplorably ignorant of this subject as far as human beings are concerned. 
From a study of the respiratory quotient curve after the administration of 
dextrose, Johansson 3 concluded that the maximum rate of absorption of 
dextrose in man is between 80 and 100 gm. per hour. 

In this paper will be reported the results of an investigation, bj' an in- 
direct method, of the laws governing the absorption of dextrose from the 
human gastrointestinal tract. 

In a normal individual it is practically impossible to raise the blood sugar 
level above 180 mg. per 100 c.c. of venous blood on the administration of 
dextrose by mouth, for the amount of insulin secreted is easily capable of 
causing the abstraction of dextrose from the circulation regardless of the 
rapidity with which it is absorbed from the intestine. In diabetes mellitus, 
however, hypoinsulinism exists and the amount of insulin secreted at any 
particular time is fixed and dependent on the severity of the case. The 
amount of dextrose that the individual diabetic can metabolize per unit time 
follows the equation determined by Allan.* 10 If the absorption of a certain 
amount of dextrose per unit time in a given diabetic gives rise to a certain 
blood sugar curve, the absorption of a greater amount will cause a higher 
blood sugar curve because the amount of insulin secreted remains constant. 
In the same diabetic, the greater the amount of dextrose absorbed in a given 
time, the higher will the blood sugar curve be. If, then, one gives to the 
same diabetic varying amounts of dextrose, two days apart, the blood sugar 
curves will be equal in height or higher with the larger dose, depending on 
whether the rate of absorption is the same or greater with the larger dose.f 


METHOD OF PROCEDURE 


With this a basis, experiments were performed on 14 female diabetics. 
To each one two doses of dextrose were given ; a large one on one day, and 
a smaller one two days later. To a group of three. 125 gm. of dextrose were 
given on the first day and 25 gm. two days later; to a second group of six, 


, . ’The dextrose equivalent of insulin in any given case Ls not a constant, but is represented 
“V, 1 ‘he equation g(u)"»' = 10 1 •** where g is the amount of dextrose metabolized by each unit. 


u is the number of units of insulin given. The dextrose equivalent of insulin 'is increased 
u the amount of insulin remains constant and the amount of dextrose increased or if the 
'w U i nt ot dextrose remains constant and the amount of insulin decreased ; the dextrose equiva- 
™ “ decreased if the amount of insulin Is increased and the amount of dextrose remains 
In or ^ the amount of dextrose is decreased and the amount of insulin remains constant 

V* “its situation the amount of insulin remains constant. If more dextrose is absorbed the 
lextrose equivalent will be increased, so that the rate of rise of the blood sugar curve will he 
less and less with increasing rate of absorption of dextrose. 

... I 11 la realized that the blood sugar level Is influenced by the secretions of the thvrnbi 

In/.W 11 :lnJ pituitary glands, and other factors. It is fair to assume that these factors lit-X 
msuun, remain constants during the period of experimentation. ' • 
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either 100 or 150 gm. were given on the first flay and 50 gin. two clays later; 
to a third group of five, 150 gin. were given on the first day and 75 gm. two 
days later. The anhydrous dextrose was dissolved in distilled water and 
made up to 500 e.e. An hour after the administration of the dextrose 250 c.e. 
of water were given. The total volume was therefore 750 e.e. in each case 
for both the large and the small dose. 

The dextrose was given in the morning after a fast of fourteen hours. 
Blood (venous) specimens were taken at the “fasting level/’ immediately 
before ingestion, and forty-five minutes, two hours, and in some eases, three 
hours after the ingestion of the dextrose. The sugar content, of the blood 
was determined by the macro Folin-Wu method. The urine was collected 
at the end of the first, second, and in some of the cases, third hour after 
ingestion of the dextrose, and its sugar content determined by Benedict’s 
method. 


ANALYSIS OF RESULTS 


The results are incorporated in Table I. After careful consideration it 
was decided that the best method of determining the influence of the different 
doses on the blood sugar curve was to calculate the differences in rise of blood 
sugar concentration when the large dose and the small one were given, from 
the “fasting level” to the “forty-five-minute,” “two-hour,” and “three-hour” 
levels, respectively. To illustrate: in Case 1 (Table I) the “fasting level” 
when 125 gm. of dextrose were given was 21-1, and the “forty-five-mimite 
level,” 332, indicating a rise in blood sugar concentration of IIS mg. per 
100 e.e. of blood. When 25 gm. of dextrose were given the “fasting level” 
was 230 and the “fortv-five-minute level,” 332, indicating a rise in blood 
sugar concentration of 102 mg. per 100 c.e. of blood. The difference in 
elevations is 16. A plus sign is arbitrarily placed in front of the 16 to indicate 
that the rise is greater when the larger dose is given. A minus sign, on the 
other hand, indicates that the rise is greater when the smaller dose is given. 


Analyzing the blood sugar concentrations at. the “two-hour level” it- '"•ill 
be observed that in Group I, in all eases, the rise is markedly greater with 
the larger dose. This also holds true for all the cases in Group II, although 
the difference is much less and in one case (Case 1)) is within the limit of 
error of the method used to analyze the blood. In Group III, howevei, a 
striking change has taken place. Here, in four out of five cases, the rise is 
gi’eater when the smaller dose is given. This is of fundamental significance 
for it indicates that at the end of two hours at least as much dextrose is hem., 
absorbed when 75 gm. are given as when 150 gm. are given; in other woics, 
the rate of absorption of dextrose is the same regardless of the absolute amoun 
in the intestine. As a corollary to this it may be stated that the rate of absoip 
tion is constant. 

An interpretation may now be given for the greater rise in blood sugai 
concentration at the “two-hour level” in Groups I and II when the hugti 
dose is given. The reason is that the dextrose, when the smaller dose is gn « , 
has been completely absorbed before the end of two hours so thaM ue 
sugar concentration has been dropping for some time before the ' 
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the amount remaining in the ^ astl0 ' ri e ^^ ^ „ iven> the amoun t remaining 
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used for analyzing the blood. In spite of this one is impressed dia 
. difference in rise is somewhat greater when the larger dose “ _ ; 

no greater in the group receiving 25 gm. than m the one recei to - 
What is the cause for this greater rise with the larger dose at the forty - 

five-minute level”? , , „ 

It was stated above that some investigators 3 - «■ 5 found that the rate o 
absorption is increased by increase in concentration of dextrose administered; 
also, that Boe> observed that the level of the blood sugar curve is higher when 
a more concentrated solution is given. In the experiments recorded m Table 
I, the volume was kept constant; the concentration necessarily raned. 

The question then is : Is the greater rise with the larger dose due to the 
fact that the solution administered was more concentrated? To determine 
this point, the following experiment was performed. To seven patients, suf- 
fering from diabetes mellitus, varying doses of dextrose, of equal concentra- 
tion, namely 32 per cent, were given two days apart. On one day 12o gm. 
and two days later 45 gm. of dextrose were administered. Venous blood was 
taken at the “fasting level” immediately before ingestion, and forty-five 
minutes after ingestion. The results are incorporated in Table II. It is to 
be observed that in 6 out of 7 cases the rise is greater with the larger dose, 
and that the differences in rise are of the same magnitude as m Table I. The 
conclusion to be drawn is that the height of the blood sugar curve is not 
influenced bv differences in concentration of the dextrose administered. As a 
corollary it mar be stated that the rate of absorption of dextrose is not in- 
fluenced by this factor. I am at a loss to explain the greater rise in blood 
sugar concentration with the larger dose at the forty -five-minute level. 

The observations made above have a practical value. The dextrose toler- 
ance test, especially when combined with a simultaneous study of the respir- 
atory quotient curve.” constitutes the best method of determining the pres- 
ence of diabetes mellitus and also its se\erity. 1 In a symposium on the 
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dextrose tolerance test, Gray 13 lists the test substances and doses used by 
various investigators in the study of carbohydrate metabolism. They are as 
follows: from 20 to 25 gm. of dextrose; 50 gm, of dextrose; 70 gni. of dextrose; 
100 gm. of dextrose; from 150 to 200 gm. of dextrose; 100 gm. of levulose; 
from 50 to 100 gm. of cane sugar; 25 gm. of starch; 50 gm. of starch; from 
70 to 100 gm. of starch; and a mixed meal. In addition it may be mentioned 
that Januey and Isaacson 11 use 1.75 gm. of dextrose per kilogram of body 
weight. The choice of these doses and substances in all instances is purely 
arbitrary. 

John 15 performed dextrose tolerance tests on 50 patients with diabetes, 
using 100 gm. of dextrose as a test dose. lie found that in 86 per cent of 
the cases the maximum rise occurs within two hours after the ingestion of 
the dextrose. This also holds true when 150 gm. of dextrose are given, for 
in 5 cases in which this dose was given by me (see Table I) all had the 
maximum rise within the first two hours. The character of the curve after 
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the first two hours is determined by the site of the dose; the larger the dose, 
the longer it will take for the “fasting level” to be attained. In performing 
a dextrose tolcranee test it is of value not only to determine whether the 
blood sugar curve is or is not higher than normal but also the maximum rise 
obtainable. From Table I it can be seen that 75 gm. of dextrose is the Sinai - 
est dose that will give a maximum rise in blood sugar in the average a u 


diabetic. 

It is also important to note that a dose of 50 gm. of dextrose or less may 
fail to disclose a potential or very mild diabetic if the ‘‘fasting level is 
normal. The reason is that because of the complete absorption of the dextrose 
before the end of two hours post cibum, the blood sugar may drop to the 
“fasting level” at the end of the two hours. This event would not occur if 
75 gm. of dextrose are given. Seventy-five grams of dextrose is the minimum 
dose that can be used to detect diabetes mellitus. It is accordingly proposed 
that 75 gm. of dextrose be used as the test dose. 

A point which is not entirely relevant to the subject of this paper may, 
however, with value he discussed here. Does the administration of large 
quantities of dextrose, such as the patients received in these experiments, ea 
to a breaking down of tolerance? Joslin 10 strongly deprecates the use of the 
dextrose tolerance tests in diabetics, although he has never seen one injured 
by them Ohler 17 also argues that on theoretical grounds the giving of large 
quantities of dextrose is harmful. Allen,- in liis work on partially depan- 
creatized dogs, found that excessive feeding of carbohydrates, especially 
where given in a rapidly absorptive form, such as dextrose, leads to a rapid 
breaking down of tolerance. Several years ago I 12 observed for several months 
seven diabetics who had had two dextrose tolerance tests performed two days 
apart. The test dose was 100 gm. of dextrose. None showed the slightest 
change in tolerance as a result of this procedure. Nor was there any depre- 
ciation of tolerance in any of ten patients of Table I as a result of receiving 
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the large quantities of dextrose. It may be stated categorically that the giv- 
ing of large quantities of dextrose does not cause the slightest depreciation 
of carbohydrate tolerance in diabetics. 


SUMMARY AND CONCLUSIONS 

The absorption of dextrose from the gastrointestinal tract has been 
studied quite intensively in animals. The results and conclusions of the 
various investigators are conflicting. 

This subject lias been almost completely neglected in man. 

An indirect method of studying this subject in human beings is described. 
It consists in performing repeated dextrose tolerance tests on diabetics, using 
varying doses of dextrose. The rationale for this procedure is outlined. 

The conclusions drawn from the data obtained are as follows: 

1. The rate of absorption of dextrose from the human gastrointestinal 
tract is the same regardless of the absolute amount present. A corollary to 
this is that the rate of absorption of dextrose is constant. 

2. The amount of dextrose absorbed from the gastrointestinal tract of 
the average adult in two hours lies somewhere between 50 and 75 gm. 

3. The rate of absorption from the gastrointestinal tract is not influenced 
by the concentration of the solution of dextrose administered. 

4. Seventy-five grams of dextrose is proposed as a standard dose to be 
used in performing a dextrose tolerance test. 

5. The ingestion of large quantities of dextrose by patients with diabetes 
does not cause the slightest depreciation of their tolerance for carbohydrates. 

Note: I wish to express my thanks to Miss Louise Zelcnko for technical assistance. 
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HISTOCHEMICAL STUDIES OF ORGANS OF r ^°^^ AR 
RATS BY THE MICROINCINERATION METHOD 


AY. C. IIueper, M.D., Philadelphia, Pa. 


T HE study of the amount, el.af.eter and dia.nbntion of mineral matter 
1 in normal and malignant tissues lias been ie«n , Scott 

troduetion of the miero.nemeratton met' ohmtim!s ma de, eq.eci.Ujr 

mszsS'St - 

great majority of the ° ot inconsiderable changes in 

the amount^nd^dhdribtirion'of* the mineral substances ^ ^ and^type 

Branns,. Polie.rd and Olthels,- “'."Lnl^ «£T«£ 52, 
of changes produced by fixating and J ^ ° h<j hysicochemica l con- 

chemical nature, a time factor and pos. } 

stitution of the tissues. „ ,■ f • 

Many of these defects in the proper preparation of sections for 

croineineration have been eliminated in the techtuc of frozen seetion mg de- 
veloped hy Sehnlts-Brannsd who modified the commonly _ rod method by 
cutting unfixed tissue with a knife cooled with carbon dioxide to o to 
20" 0 Losses of mineral substance, are thereby completely avo.ded and the 
possibility of artificial displacements of tile eellu at nunei 

markedly decreased. . « 

The present communication represents a report of the results of an in- 
vestigation on the mineral skeleton of malignant cells studied m frozen sec- 
tions of fresh, unfixed tissue cut according to a modification of the method 
of Schultz-Brauns (IIueper). In the second part of the paper observations 
are recorded which were made on normal and neoplastic tissues of rats treated 
with parathormone and viosterol. 

PART I. MINERAL STRUCTURE OF MALIGNANT TISSUE 

The tumor tissue used was obtained from rats which had been inoculated 
with a transplantable sarcoma, Philadelphia No. 1 and a transplantable medul- 
lary carcinoma, Walker No. 256 respectively, a detailed histologic description 
of which has been published in a previous paper (Vv aldschmidt-Leitz. Mc- 
Donald, IIueper and CoworkeiV). Sections were prepared with the cooled 
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knife technic from fresh, unfixed tumor tissue removed from the peripheral 
parts of the tumors. Alternating sections were stained and incinerated re- 
spectively. For the incineration an electrically heated quartz furnace was 
used, the maximum temperature of which was adjusted to 600° C. The sec- 
tions were kept in the oven for about forty-five minutes. They were left in 
the incinerator until they were cool and were then covered with a glass 
coverslip which was sealed with paraffin. A Zeiss cardioid condenser was 
used for the dark-field examination. A small Leitz camera which had no 
bellows and which could be attached to the eyepiece was used in the photo- 
graphic work. The sections to be stained were first put into 95 per cent 
alcohol and then stained in the ordinary way with hematoxylin-eosin or 
hematoxylin-phloxin. 

The stained sections show more or less densely packed tumor cells, em- 
bedded in a loose connective tissue stroma. The nuclei are relatively large 
and contain dark stained chromatin material arranged in irregular lobules 
and threads. A complete or incomplete ringlike accumulation of the chro- 
matin in the periphery of the nuclei is exceptional. The cytoplasm is moderate 
to scanty in amount and is indistinctly outlined in the sarcomatous tumor, 
while rather well defined in the carcinomatous neoplasm. Small localized foci 
of degeneration and necrosis are scattered in moderate number in the tissue. 
In these degenerative areas pyknotic nuclei are numerous. Pseudopapillary- 
cystic formations are seen in some of the regressive foci. The necrotic areas 
are pink in color and contain chromatic nuclear fragments. Diffuse, usually 
perivascular hemorrhages are occasionally observed. 

The ash pictures of the tumor sections vary considerably in different 
portions of the same section. In the areas corresponding to the above de- 
scribed healthy parts of the tumor a scanty bluish to bluish gray reflecting 
matrix of very small granules is present. Embedded in it numerous, smaller 
and larger, somewhat ill-defined, irregularly round shaped rings are seen. 
They are either exclusively or mainly composed of accumulations of fine, bluish 
reflecting particles. The center of these rings is sometimes empty, usually, 
however, filled by a small clump of the same bluish reflecting substance or 
of a mixture of the bluish and a coarse white reflecting matter. Small white 
reflecting particles occur also in some of the bluish rings. Reddish or brown- 
ish red reflecting granules are usually absent in the ring formations. The} 
appear in only a few of the sections, where they participate in appreciable 
amounts in the composition of the rings and their central content in some 
areas. Surrounding the individual rings an indistinctly outlined area o 
less densely packed bluish granules fades away into the above describe 
matrix. 

The rings are much more distinct in those areas which show in the 
stained sections evidence of cell degeneration. They stand out as more oi 
less solid, white reflecting formations, consisting either of a continuous 01 a 
discontinued, bead-like accumulation of coarse, white particles. The cen 1 a. 
portions of the rings are sometimes empty, but in general they are film wi 
the same white reflecting material of which the rings are eomposec . o 
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white, round bodies are often seel, in such areas in place of ring 

and are apparently the result of a merger of the nag and its ; 

White granules are also found in varying number m the zone 

the individual rings. There is not infrequently a second, outer W ^ 

consisting of white particles arranged in a bod-lik. formation uh, eh seem 

to demarcate the eell from the intercellular matrix. A l«rg« _of 

mineral matter, in which the white reflecting particles are prominent, 

found in tlie matrix. . . A 

The necrotic foci of the tumor tissue are characterized in t le incmera e 
section bv an incomplete or complete loss of the cellular structure. There are 
more or 'less dense, diffuse accumulations of white reflecting matter, which 
contains sometimes smaller and larger reddish bionn pai 

As the interpretation and significance of the observations recorded de- 
pends to a certain extent upon the chemical nature of the venous elements 
visible in the asli pictures, brief reference may be made to the jnformation 
available at the present time on this subject. It is concec ed y a J nv ° 
tors that the white reflecting particles represent calcium, probably m the 
form of calcium oxide. The brownish red to red granules seen in the ash 
are iron oxide. The nature of the bluish reflecting material is not definitely 
known. Policard suggested that it represents potassium and sodium. Schei 
has called attention to the presence of brownish, homogeneous, glassy or 
granular substances, which appear especially often in tissues containing large 
amounts of phosphatids, such as the white substance of the brain ese 
droplets, which may occasionally express a similarly colored liquid forming 
a network in the ash (artefact), are according to the investigations of 
Tscliopp 5 and Sclieid 9 phosphorus oxide. It may be mentioned m this con- 
nection that identical formations of droplet or network type have been ob- 
served in the incinerated sections of the two tumors examined and were found 
in general in close relation to degenerative and necrotic foci, where, how- 
ever, also brownish red granules of iron character were frequently met. 


COMMENT 

The examination of the incinerated sections of the two transplantable rat 
cancers showed that the inorganic remains of the healthy tumor tissue are 
mainly bluish reflecting granules, which represent according to Policard s 
opinion sodium and potassium. Similar observations on the coloi of the ash 
of malignant and normal proliferating tissue were made by Olch 10 who re- 
ported that the ash of human breast and skin carcinomas and of the epithelial 
proliferations in chronic cystic mastitis, in hyperkeratoses and warts has a 
bluish color. Calcium appears either to be absent or to be present only in 
small amounts in the mineral skeleton of the healths tumor cell. Iron does 
not seem to play any important role in the mineral constitution of the cyto- 
plasm and the nucleus of the cells of the two tumors examined. 

While the ring-like accumulations of mineral matter are located in the 
region where the nucleus is found in the stained sections, it appears to be 
doubtful, judging from the size and diameter of some of the rings, whether 
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these formations are located in the peripheral parts of the .nucleus or are 
mineral matter absorbed to the nuclear surface or represent to a certain 
extent accumulations of minerals in the perinuclear space. These mineral 
rings can, however, not be looked upon as artefacts resulting from the action 
of fixating and dehydrating agents upon the cells, as suggested by some in- 
vestigators. 

These findings do not substantiate in some respects those recently made 
by Scott 3 and Scott and Horning , 3 who reported that malignant cells are 
characterized by an extraordinary concentration of iron ami to some extent 
also of calcium in the peripheral margins of the nuclei resembling in this 
regard the mineral structure of embryonic cells. An explanation for this 
discrepancy cannot be olfered at the present time. The only conclusion 
which can be justly drawn from the evidence at hand seems to be, that not 
all malignant cells resemble in their mineral structure that present in em- 
bryonic cells. 

The observations made do not confirm another claim of Scott in regard 
to the presence of correlations existing between the mineral structure of the 
nucleus of malignant cells, the distribution of chromatin substance and the 
absorption picture obtained by ultraviolet ray photography. Scott has to a 
certain extent disproved his own contention in his experiments with opalinids, 
where he noted the absence of a relation between the scanty amount of 
nuclear ash and the good amount of chromatin present. The chromatin sub- 
stance of nuclei of malignant cells in tumors in men, mice or rats is moreover 
not accumulated in the peripheral parts of the nuclei as contended by Scott. 
An accumulation of chromatin matter in this region is in general considered 
as evidence of cell degeneration. The location of the mineral substance as 
demonstrated by the incineration method does, therefore, not correspond to 
that of the chromatin matter of healthy tumor cells. The actual existence 
of the correlations cited above seems to be insufficiently supported by reliable 
experimental evidence. 

In regard to the absolute amount of mineral matter in malignant cells, 
the investigations reported aboA r e do not support the conception that malig- 
nant cells have a higher mineral content than normal cells (Scott). This 
impression is gained by a comparison of ash pictures of areas of health} 
tumor tissue with those of organs of similar cellularity, such as liver, spleen, 
pancreas, kidney, lymph node, salivary gland, etc. Much apparently depends 
upon the relative size of the cells and their functional state. Oleh 10 reported 
that the cells of the resting mammary gland contain large amounts of calcium. 
Policard and Pillet” stated that proliferating tissue has a low ash content 
and Policard and Doubrow 12 noted that the ash content decreases with the 
increase in the embryonicity of the tumor. Schultz-Brauns mentioned during 
a brief discussion of the ash content of various tissues that benign as well as 
malignant neoplasms show in general a light to moderate amount of ash. e 
added, however, that marked variations may occur among the ash content o 
individual tumors. 
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Considerable differences in the density of the mineral ash exist also be- 
tween different parts of the same tumor. These have been referred to van* 
tions in the vital status of the cells. The ash and especially its calcium com 
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. , Fie. 1 . — Incinerated healthy sarcomatous tissue showing rather faintly visible rings of 
luiah rellectlng granules scantily mixed with white particles. 

Fig. 2. — Ashed section of degenerating sarcomatous tissue with prominent white rings. 

1" lg. 3. — Degenerating sarcomatous tissue with white rings and central ''calciflcations.'’ 
., Fig. i. — Very edematous degenerating sarcomatous tissue with marked central "calcifica- 
uons and distinct white outer rings, demarcating the cellular outline. 

. Fig, 5 , — Advanced degeneration of sarcomatous tissue with partial loss of cellular struc- 
ture in the ashed section. 

, Fig. 5 . — X,. -erotic focus in sarcomatous tissue characterized by dense accumulation of 
calcium particles. 
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ponent increases in direct proportion to the degenerative state of the cells 
and is apparently most abundant in areas of complete necrosis. 

Shear 1 ' 1 stated in his recent review on the role of different minerals 
(sodium, potassium, magnesium and calcium) in cancer, that it is the current 
view that the calcium content of tumors increases with increasing age and 
with increasing extent of necrosis. Policard and Doubrow 1 ' noted that de- 
generating and necrotic tumor tissue contains more ash than living tissue. 
Scott and Horning 3 remarked that their investigations furnished supplemen- 
tary evidence for this observation. The experimental data obtained in this 
study confirm this conception and supply at the same time additional infor- 
mation in regard to the intracellular mineral changes and shifts which are 
associated with the process of degeneration. 

An increase in the amount of calcium particles In the nuclear mineral 
ring represents apparently the first sign of a decreasing vitality and begin- 
ning degeneration of the cell. Following this nuclear calcinosis calcium par- 
ticles are accumulated in increasing amounts in the central portions of the 
ring, until ultimately a union between the ash of the ring and of the central 
nuclear mineral deposits occurs. Accompanying this nuclear change there is 
also an increase in the number of calcium particles in the cytoplasmic region 
combined with a deposition of larger calcium granules in the peripheral parts 
of the cell (membrane?), where thereby a second outer ring is formed. AVith 
the ultimate complete disintegration of the cellular structure with progress- 
ing necrosis a definite mineral skeleton of the cells disappears and diffuse 
accumulations of mineral matter mainly representing calcium take their place. 
Older necroses are characterized by denser, almost solid masses of coarse cal- 
cium particles. 

, It was noted that necroses which showed in the incinerated sections 
marked deposition of calcium were not stained blue with the hematoxylin 
stain, but were pink, indicating thereby that the calcium present in these 
necroses is either too small in amount to be visible in the stained section or 
that it is present in a form which cannot combine with the hematoxylin. If 
the last conception should be correct the stainability of intracellular calcium 
would depend upon the physicochemical state in which this substance is held. 

A certain similarity would exist in this respect to the stainability of intra- 
cellular fat. As cellular degeneration is often accompanied by an accumula- 
tion of fat, correlations may exist between the increase of mineral ash, espe- 
cially calcium, and that of fat in the degenerating cell (Schultz-Brauns). H 
is, however, doubtful, if an accumulation of calciiun in the cell designates 
always a degenerative process or if it may also characterize a cell with low 
vital activities. 

PART II. TIIE EFFECT OF PARATHORMONE AND VIOSTEROD' MEDICATION UPON THE 
MINERAL CONTENT OF NORMAL AND MALIGNANT TISSUES IN RATS 

Various authors have attempted to influence cancer growth by the intro 
duction of substances which affect the calcium metabolism, such as calcium sa s, 
Irradiated ergosterol and parathyroid hormone, into the cancerous organism 
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(Goldfeder, 11 Paik“ Barelli, 10 Sugiura and Benedict, 17 Goerner, 18 Goerner 
and Shafiroff, 20 Sumi, w Bischoff and Maxwell, 21 Reding and Slosse ). bhear 
came, in his recent review on this subject, to the conclusion that parathormone 
treatment is ineffective as an agent which may inhibit or stimulate malignan 
growth and that vitamin D is without any reliable antigrowth action, i is 
conception is confirmed by observations made by me some time ago on a ar 0 ei 
series of cancer patients who received calcium salts, viosteiol an para 
mone over a prolonged period and in relatively large doses. 

In view of the controversial observations made on the blastic action of 
vitamin D and parathormone, a histoehemical study of ashed sections pre- 
pared from cancer tissue of animals, treated with these two a D ents, seeme 
to be of interest, as it could he assumed that any action of these substances on 
the tumor would very likely be associated with definite changes m the mmera 
constitution of the cells. 

Six rats, three inoculated with the transplantable sarcoma, Philadelphia 
No. 1, and three inoculated with the transplantable carcinoma, Walker No 
256, were used in the parathormone experiment. After . t e umors lac 
reached the approximate size of a walnut and after a small piece of the tumors 
had been removed for comparative study, the rats received subcutaneous in- 
jections of parathormone. One animal was killed twenty-four hours _ after 
the injection of 50 units of parathormone; three rats were killed sixteen 
hours after the injection of 100 units of parathormone. Rat o was sacrificed 
sixteen hours after injection of 150 units and Rat 6 lecene a 0 a 0 
units in the course of three days and died on the fifth day after the beginning 

of the medication. 

As the rat is rather resistant to parathormone (Collip ,« Tweedy and 
Chandler, 21 McJunkin, Tweedy and Breuhaus 2 '), relatively large doses of para- 
thormone are required for the production of toxic degenerative organic lesions, 
such as those rather readily obtained in dogs (Hueper). 

In the viosterol experiment six rats with sarcoma, Philadelphia No. 1, were 
fed with 0.75 c.c. of viosterol 10,000 X daily by mouth with a dropper. After 
five days of this medication the rats became listless and showed a coarse fur. 
The treatment was discontinued and one animal ivas killed four days later. 
After an interval of a week the medication was resumed for a period of four 
days. One animal died two days after the resumption of the feeding and one 
was killed at that time. The remaining three animals were killed ten days 
later, while they were still showing symptoms of viosterol intoxication. 

Any inhibitory effect of the viosterol medication upon the growth rate 
of the tumors was not observed. This inay be noteworthy, in spite of the 
small number of animals used, on account of the rapid growth of these neo- 
plasms. 

The autoptic examination of the rats did not show any macroscopic path- 
ology in the tumors and organs which might have been referred to the medica- 
tion given, with exception of Rats 5 and G, where irregular whitish, soft 
areas and streaks were found on the cut surface of the kidney and heart, indi- 
cating the presence of necroses. 
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The histologic findings in the organs of the rats in both groups were essen- 
tially identical. The following organs were examined: tumor, salivary gland, 
heart, lung, liver, pancreas, spleen, kidney, lymph node, suprarenal gland, 
and skeleton muscle. 

The stained and incinerated sections prepared from the tumors of the 



Fig. 7. — Vascular and myocardial calcification in the heart after parathormone poisoning. 
Fig. 8. — Accumulation of calcium particles in the myocardium without evidence of de- 
generative changes in the stained section. 

Fig. 9 . — Accumulation of calcium in the muscularis of the esophagus of Rat 6, which ie 
from parathormone poisoning. 

Fig. 10.— Calcifications in the kidney of Rat 6. 


treated animals did not reveal any appreciable and fundamental difference 
from those made before the medication was started. There were no changes 
in the stainability of the cytoplasm and of the nucleus of the tumor cells. 1 he 
ashed sections were essentially identical with those previously describe 
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There was neither an increase nor a decrease of mineral matter, especially of 
calcium, in the tumor cells and the intercellular spaces. 

In contrast to these negative results in the tumors definite histologic and 
liistochemieal pathology was found in some of the organs of the treated rats, 
especially in Rats 5 and 6, indicating that the medication given had been 
intense enough to cause pathologic lesions in some parts of the organism. 

Heart . — There is a moderate to marked interstitial and especially perivascular leucocytic 
infiltration of the myocardium. A bluish stained hyaline material is found here and there in 
the perivascular spaces in between the leucocytic exudate. The walls of the myocardial ves- 
sels of Bats 5 and G are markedly thickened and deeply blue stained. Reddish and blue 
stained necroses surround and extend from these vessels into the myocardium. The incin- 
erated sections show a moderate, spotty increase of white reflecting particles. The leucocytic 
infiltrations appear as small accumulations of strongly reflecting white dots. The vascular 
walls in the heart of Rats 5 and G appear as thick, solid white rings, from which less massive 
accumulations of white matter extends into the surrounding a’sh which is also rich in white 
reflecting granules. 

Esophagus. — The muscularis of the esophagus of Rat 6 is dark grayish blue in color 
and contains dense accumulations of calcium particles in the ashed section. 

Liver . — In some of the livers examined the cytoplasm of the Kupffer cells and of scat- 
tered individual liver cells is blue stained. The distribution of accumulations of white 
granules corresponds approximately with that of these bluish stained cells. There is a gen- 
eral increase of white ash. It is noted that the liver cell areas surrounding the central veins 
do not participate in this increase, but are composed of bluish and reddish reflecting ash. 

Kidney. — The tubular epithelium of the cortex shows a distinctly bluish stained sub- 
stance located in the pink stained cytoplasm. This bluish material surrounds sometimes the 
nucleus and exudes and fills the lumina of tho tubules. Small, isolated foci of necroses are 
occasionally seen. In the kidneys of Rats 5 and 6 extensive necroses of the tubular epithelium 
nre present. There are also localized calcifications of the necroses and calcium casts in the 
tubules in great number. The walls of many of the smaller vessels are thickened and in- 
tensely blue stained, indicating a high degree of calcification. 

The ashed sections show a marked increase of white reflecting material, which often 
forms dense clumps or rings corresponding in their distribution with that of the tubular 
necroses and vascular calcifications, respectively, seen in the stained sections. 

The microscopic examination of the stained and ashed sections of the 
other organs mentioned above did not reveal any differences from the condi- 
bons seen in the sections of a series of three normal rats of the same strain and 
Approximate age as the experimental animals. 


COMMENT 

The observations made seem to indicate that the cells of the two rat 
tumors used do not belong to that group of tissues in which disturbances of 
the mineral metabolism caused by overdosage of parathormone and viosterol, 
fespcctively, result in local degenerations and necroses. The absence of anv 
Appreciable changes in the amount, character, and distribution of the mineral 
blatter of the cancer cells following the medication of parathormone and 
'losterol suggests that the malignant tissue is apparently unable to withdraw 
calcium from the hypercalcemie blood, because the calcium is present in the 
°od in a form which cannot be taken up by the malignant cells. This ex- 
P an, it ion is supported by the observations of Kluge 25 who found, that there is 
a 1Ilai ‘ked difference in the absorption of calcium compounds by tumor tissue 
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depending on their organic or inorganic character. While the subcutaneous 
injection of inorganic calcium compounds resulted in a marked temporary 
increase of the calcium content of the tumor tissue, its calcium content was 
barely increased when organic compounds were used. 

The presence of a bluish stained substance in the perivascular spaces of 
the myocardial vessels and in the cytoplasm of the renal epithelium and liver 
cells together with the corresponding increase of calcium particles in these cells 
according to the observations made in the ashed sections suggests, that intra- 
cellular disturbances of the mineral metabolism precede and cause the degenera- 
tion and necroses of the myocardium and kidney occurring in parathormone 
and viosterol poisoning. This conception receives additional support by previ- 
ous investigations of ITueper, 7 MeJunkin, Tweedy and Breuhaus 23 and Ham. 20 
It is obvious that the lethal cellular calcinosis may not always be followed and 
intensified by an additional necrotic calcification. The presence of a hyper- 
calcemia will, however, favor this process. The contrast existing between the 
marked increase of calcium in degenerative and necrotic foci, according to 
the ashed sections, and the absence of a positive staining reaction for calcium 
in these areas, according to the stained sections, seems to suggest the possi- 
bility that the demonstration of calcium in the tissue with the hematoxylin 
stain depends not only on the amount but also on the character of the calcium 
compound present. 


CONCLUSIONS 


1. Microincineratiou of two transplantable rat cancers showed that the 
healthy tumor cells consisted almost exclusively of bluish reflecting granules, 
representing presumably sodium and potassium. 

2. Iron and calcium did not seem to play any important role in the 
mineral constitution of these cells. 

3. Cellular degeneration in these two tumors was characterized by an in- 
crease of the calcium content of the cells, manifested mainly in the formation 
of white nuclear rings. 

4. The character and composition of the mineral skeleton of the tumor cells 
could not be changed by the medication of parathormone and viosterol. 

5. Degenerations and necroses in the kidney and heart of rats receiving 
excessive amounts of parathormone and viosterol were apparently caused by 
the toxic action of an intracellular calcium accumulation. 


I am indebted for technical assistance to Miss II. Russell, Cancer Research Laboratories, 
University of Pennsylvania. 
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TIIE SIGNIF IAN 0 E OP STREPTOCOCCI THAT RESEMBLE 
DIPHTHEROIDS RECOVERED PROM BLOOD CULTURES 
IX SUBACUTE BACTERIAL ENDOCARDITIS 3 


John* A. Ferguson. M.D., Thomas P. Murdock, M.D., and 
Hen it v Welch, Ph.D., Hartford, Conn. 


A X ASTONISHING change in size and shape of streptococci may be noticed 
- under different conditions of cultivation. 1 At times these changes result 
in forms that have a distinct resemblance to the diphtheroid group of bacilli. 
In old cultures the changes that take place are probably best interpreted as 
“involution forms.” The term “diphtheroid” is applied to an ill-defined group 
of bacilli, largely on account of their morphologic resemblance to the diph- 
theria bacillus. In this article the terms “diphtheroid” or “diphtheroid 
appearing” are used because of the morphologic resemblance of the organ- 
isms studied to the diphtheria bacillus and do not specify any particular 
bacterium. 

Jensen and Morton 2 have, from a case of acute cystitis, isolated a strepto- 
coccus that under certain conditions resembled a diphtheroid bacillus. They 
speak of the organism as having a diphtheroid and a streptococcus phase. 

Tow and Weehsler 3 have reported a case of acute endocarditis in a girl 
eleven years old in which diphtheroids were recovered from the blood during 
life and at autopsy. One year prior to the onset of the acute illness the girl 
had pain in the right knee and fever which lasted one week. Eight blood 
cultures during the course of the disease were negative, and the ninth was 
positive for a diphtheroid organism. Sections of the vegetations taken at 
autopsy showed cocci in pairs and groups. The vegetations were not cultured. 
In their conclusion Tow and Weclisler state that the existence of diphtheroid 
endocarditis is problematical and that it is likely that the streptococcus was 
the etiologic agent and the diphtheroid a secondary invader. 

According to Thomson and Thomson 4 “true diphtheroids” do not show 
streptococcal forms in broth cultures. If this statement is true then it is of 
unusual interest to find diphtheria-like forms and typical streptococci m 
smears from uncontaminated young broth cultures from the blood of a patient 
suspected of having subacute bacterial endocarditis; further to find similar 
forms in a (Gram-Weigert) stained section from the vegetations on the heart 
valve when the patient came to autopsy. 


report op cases 


Case 1. — History: L. H., twenty-three years of age, admitted to The Meriden Hospital, 
Jan. 31, 1933, complaining of weakness and fever. Had rheumatic fever in 1921. About tuo 
weeks prior to admission, patient had grip, on fifth day pain developed in right shoulder, 


•From the Departments of Pathology and Medicine of The Meriden Hospital. Mei idem 
Conn., and the Bureau of Laboratories of the Connecticut State Department of Health. 
Received for publication, December 2, 1933. 
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to, Lw-. Had S «v«,0 teM* Had **»#•» “ J T , 

,<,J, marked at the « V »t and referred the left aailla. Laage »e,« clear Jp ™ 

,a, fe!, at the e.a.al margin. On H, »>•* .pet. were t.ead »n 

February IS, ah.eea.ed teeth tea. eattaeted. From thi. ... ealtured ..oahemolytte, green 

pigment-producing streptococcus. 

In view of favorable reports by Brody and Crocker,-. Gordon,* Stephenson* and Howe 
Portia and Beverly,* an hmnuuotransfusion was decided upon. A vaccine was prepare 
from the organism found in the patient’s blood stream. A suitable donor was gnen si 
injections of the vaccine subcutaneously, and one injection intravenously. Following the 
last injection he had a severe reaction with chilis and fever. 



Fig. l. 


Fig. 2. 



Fig. 1.— Shows enormous masses of bacteria in the vegetation on the aortic valve. Gram- 
Weigert stain. X100. 

Fie- ■> —Section from the vegetation on the aortic valve stained by Gram-Weigert method. 
Shows an abundfn?" of d? P htheVo?d organisms and one chain of streptococcus. X1000. 


Six days after the last injection was given to the donor, the patient was given 300 c.c. of 
whole blood. Following transfusion lie developed cyanosis, dyspnea, and cough. This critical 
condition persisted for several hours. He was slightly dyspneic for two or three days. From 
then on his condition became gradually worse, and ho died on March 20. The temperature 
was irregularly high, ranging from 90° to 104° from admission until four days before death, 
when it lluetuated between 9G° and 9H°. 

Laboratory Observation* : Wassennaun negative. Blood nonprotein nitrogen 24 mg. Blood 
sugar 120 mg. Several blood counts were done. The erythrocyte count varied between 4.4 
millions on February 1 to 3.G millions on March G. The leucocytes ranged from 12,200 on 
February 1 to 16,600 on March G. The differential remained fairly constant. Hemoglobin 
7.1 per cent; polymorphonuclear neutrophiles 74 per cent; small lymphocytes 17 per cent; 
large lymphocytes 12 per cent. The blood culture was positive. 
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AUTOPSY 

Gross Observations: Well-developed :iiul jio >1 rinhed adult male. Peteeliiae observed 
on extremities and abdomen. Finger nails, lobes of ears and lips deep bluish in color. Each 
pleural cavity contained about 500 c.e. of clear, straw-colored lluid and a few Hakes of 
fibrin. 

Hvart: Weighed 500 gm. The myocardium was soft and pale. The pulmonary and 
tricuspid valves appeared normal. The free margin of the mitral valve was slightly thick- 
ened and whitish in color. There were three pale grey, friable vegetations measuring 0.3 cm. 
in height by 0.3 cm. in diameter at the base of the right cusp of the mitral valve. The 
vegetations were located on the ventricular surface of the valve. The columuae carnae were 
flattened and some chordae temliueac showed slight fibrosis. The cusps of the aortic valve 
were obscured by a large, pale grey, friable vegetation. All the cusps were involved. The 
great mass of the vegetation was on the ventricular surface of the valve. The cusps were 
not ulcerated, although they were considerably distorted in shape. The remaining organs 
showed the usual appearance as found in subacute bacterial endocarditis. 



Fig. 3. — Smear from broth culture which was planted from a blood agar plate. Shows a marked 
predominance of long chain streptococcus. X1000. 

31 ICKOSCOITG EXAMINATION 

Section through the aortic valve showed a massive vegetation composed of polymorphonu- 
clear leucocytes, fibrin, platelets, red blood cells, and dark blue staining masses of bacteria. 
A Gram-Weigert stained section from aortic valve showed great masses of cocci in chains 
and diphtheroid appearing organisms. Tiie microscopic examination of the remaining organs 
showed nothing of special importance. 

Summary: The important findings in this autopsy wore vegetative endocarditis 111 
volving both aortic and mitral valves, multiple peteeliiae over the body, infected infarcts o 
the spleen, chronic passive congestion of the liver and acute congestion of the lungs, spleen, 
and kidneys. 

Case 2. — History: F. G., unmarried female, nineteen years of age, was a dramatic 
art teacher. The significant features in the past history were scarlet fever at seven an 
chorea at ten years of age. Her last illness began in September, 1932, when she complain 
of pain in hips and ankles and went to bed for three weeks at home. On getting up she ia 
pain in her back and had an enlarged liver and spleen. ^ 

She was a patient in the New Haven Hospital, New Haven, Conn., in November, -■ 
A blood culture on Nov. 3, 1932, was positive for diphtheroids. The patient left t le r ^ 
Haven Hospital in December, 1932, against advice. The diagnosis on the recor 
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admitted to the Meriden Hospital, Dec. 20, 1932, 


subacute bacterial endocarditis.* She was adimttcu to l “ period four blood cultures 

and discharged Jan. 14, 1933, on request of the tatmly. During tins I* paticBt , as ad . 

were taken with negative results. Following «s<- ■ - n thc Uosp ital a day each 
iuitted several times for blood translUMons .inr » • airdithcroids. The bacteriology' of 

0. April 25> ion *— »* >“ 

these diphtheroid-like organisms was suml. , 

reported above. Patient died in May. An autopsy was retusel. 

BACTERIOI.OG1C STUDIES 

Three cultures u-erc stated to this series. The 
MU) was isolated fa.* “ood c ^ l “” blood at autopsy; 

«■ >r“ ed £ 

Case -2 during life. After isolation several platings <“ 1- 

and in each instance single colonies oliosen to me ^ ^ ^ aU rc , pe cts 

tamination. Culture (laboratory ” m " ' i ’ a 7 t ! stri[ , t i 0 „ of the experimental 
as Culture 3,67-1, so for the sake of bieMtj a ae.se i 

studies ou this cultui-e are omitted. , w1ipri 

.VerpMogy.-The morphology of all three 
grown on Loeffler’s medium, blood agar plates (both ae.ob.o and anaerobic) 

and in Douglas broth. . . 

On Loeffler’s medium culture 3,674 was a ° fo !L (narrow 

streptococci in association with diphtheroid, aci aiy 1 . forms to 

Club ended, and granular). There was a tendency for the > ^ 
decolorize with the Gram stain. Culture 7,038 was 

except that the streptococci and paired forms pi e omma forms 

tures. Cultures five days old, however, showed many diphtheroid • • 

The "rowth on blood agar plates of Culture 3,674 (aerobic and anaerobic) 
was fine°and veil-like in character. In forty-eight hours a small zone -of 
hemolysis appeared. By repeated incubation at 3i C. followed by refr ^ ' 
tion, secondary hemolytic rings were developed. The hemolysis was typical 
of the alpha variety • Both diphtheroid and streptococcus forms were demon- 
strated microscopically. 

The beta type of hemolysis was produced with Culture 7,038 when grown 
on blood agar plates either aerobically or anaerobically. Individual colonies 
were larger than with Culture 3,674 and showed wide, clear zones of hemolysis 
After a series of eight daily transplants a few alpha type colonies developed 
which retained their alpha characteristics on subculture. Both diphtheroid 
and streptococcus forms were demonstrated microscopically. 

Transplants to Douglas broth caused practically complete change to 
the streptococcus phase of both Cultures 3,674 and 7,038 regardless of whether 
inoculum was obtained from Loefiler’s slants or blood agar plates. Continued 
daily transplants over a period of forty days were made and w ithout excep- 
tion a pure culture of long-cluiincd streptococci (16-lb cocci to a chain) was 
obtained. The streptococci remained constant in their morphology for three 

•Wo are indebted to the Department of Internal Medicine of Yale University for por- 
mbMon to use data, from nconls of the N\-w Hnv»:n Ho.M>itaI. . 

Th« mlcrophoiograph* were tafc^n by Mr. Joan Kiefer of Th* Norwich Tuberculosis 
Sanatorium. 
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to four days. Usually between the fifth and seventh day diphtheroid forms 
could be demonstrated microscopically as the chains of streptococci appeared 
to have changed to the diphtheroid phase. Transplants at this point to fresh 
Douglas broth, however, again resulted in a pure culture of streptococci. 
There was a general trend toward the diphtheroid phase in cultures as they 
grew older. In no instance was the reverse of this phenomenon noted in any 
medium upon aging. 

Biochemical Reactions of 3,07-1 and 7,033.— Both cultures were inoculated 
into 1 per cent sugar broths from Douglas broth, Loefiler’s slants, and blood 
agar slants. Sugar broths were sterilized by filtration. Both cultures, 3,674 
(alpha hemolytic) and 7,038 (beta hemolytic), gave similar reactions: Dex- 
trose, lactose, sucrose, salicin and maltose were fermented with the produc- 
tion of acid. Mannite, rhamnose, arabinose and rafiinose were not affected 
although definite growth was obtained. In litmus milk, acid and coagula- 
tion was produced. On the basis of the morphologic and biochemical reac- 
tions Culture 3,07-1 would be classified as a strain of Streptococcus virulans, 
Variety probably mitis. Culture 7.038 would be classified as a strain of 
Streptococcus hemolyticus. 


SEROLOGIC STUDIES 

In order to augment our findings both cultures were sent on blood agar 
slants to the Rockefeller Institute* for further study. The following report 
was obtained : 


“Culture 7, OSS seems to be a typical hemolytic streptococcus. A precipitin test with 
an extract of the organism shows that it contains the carbohydrate ‘ O, ’ characteristic ot 
strains of human origin (Group A). 

“Culture 3,07-1 seems to be a typical Slrcplococciui viruhom and not merely a non- 
hemolytic form of 7,038, since extracts of 3,157-1 do not show any traces of the *0' sub- 
stance characteristic of hemolytic streptococci belonging to Group A.” 


After several weekly transplants on Loefiler’s slants and blood agar plates, 
Culture 3,674 developed colonies which showed typical beta hemolysis. When 
single colonies were chosen and plated on blood agar, however, both alpha and 
beta type colonies developed. Morphologically and biochemically both types of 
colonies (alpha tuid beta) agreed with the colonies obtained from Culture 
7,038 (alpha and beta). These four cultures were then sent to the Rockefeller 
Institute and tested for the group carbohydrate “C-” The two beta hemolytic 
strains both gave precipitin reactions with anti serum for Group A and 
no reaction with anti “C” serum for any of the other groups. The two alpha 
hemolytic strains did not react with any of these sera. From these studies 
it is obvious that the colonies showing alpha hemolysis are antigenically dis- 
tinct from those showing the beta type. 


COMMENT 

The interesting features of the case clinically were: the reaction follou- 
iug transfusion with a specifically immunized donor; and the blood culture 

studies. 

•The authors are indebted to Dr. It. C. Lancefield for these studies. 
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Two possibilities present themselves as probable causes of the severe 
reaction following immunotransfusion. First, the occurrence of a pulmonary 
embolus following the transfusion, always a possibility, must be considered 
Second, the interaction between the antibody of the donor and antigen of 
the recipient. Of these two possibilities, the latter appears to us to be the 
more likely. The patient’s tissues were proliferated with antigen. Both the 
streptococcus and diphtheroid phases were demonstrated in tissue section at 
autopsy. The donor received both phases in the vaccine used foi production 
of the therapeutic serum. With a preponderance of antigen in lus tissues, 
the recipient was in a highly sensitive condition and the violent reaction 
following transfusion with whole blood containing antibody was probably 
due to an antigen antibody complex in the tissues and blood stream of the 
patient. The clinical picture of cyanosis, dyspnea and cough directlj fol- 
lowing the immunotransfusion would appear to augment this theory. 

Jensen and Morton’s 2 experiments with the diphtheroid phase of a 
streptococcus isolated from a case of acute cystitis led them to belieie that 
the diphtheroid phase was nonpathogenic. We are carrying on experiments 
at the present time that appear to show that in rabbits the diphtheroid phase 
is pathogenic in the sense that definite valve localization can be pioduced. 
At this time, however, we wish to suggest the possibility that in certain in- 
stances, in subacute bacterial endocarditis, it is the attenuated diphtheroid 
phase of the streptococcus that first becomes implanted on the heart vahe. 
Once a small clot is formed on the valve the medium is perhaps suitable for 
the change of the organism into the streptococcus phase following which, the 
disease progresses in the usual manner. 

In a study of 1,079 blood cultures Thompson 10 ' 11 has shown the presence 
of diphtheroids in 3 per cent of those examined. His object was to test the 
hypothesis advanced by Koeli and Mellon 1- that diphtheroids aie found in the 
blood stream in persons convalescent from streptococcal infections. Thompson 
believes that diphtheroids in blood cultures appear to have the same sig- 
nificance as the saprophytic cocci. 

Thompson 10 - 11 states that “Any organism which appears as rods, and 
which in subcultures in broth develop chains of streptococci may better be 
classified as streptococci, especially if it is not possible subsequently to bring 
about the reverse change from the streptococcal to the rodlike form.’’ The 
organism numbered 3,671 in this investigation originally showed a majority 
°f diphtheroid forms and subsequently developed into a streptococcus, but 
We have been able to change this organism hack to the diphtheroid phase at 
will by the use of proper media. 

If we accept the hypothesis of Thomson and Thomson 4 the organism would 
have to be classified as a streptococcus with a diphtheroid phase. However, 
whether we regard this phenomenon as one of pleomorpliism or not is not our 
basic interest. We are primarily interested in focusing attention on the sig- 
nificance of the finding of diphtheroid appearing organisms in blood cultures, 
particularly in cases of subacute bacterial endocarditis. 

Grinned 13 reports that he was able to obtain from single cell strains of 
streptococcus hemolyticus, strains of Streptococcus vindans with constant char- 
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acteristies. lie notes “the alpha variants remain true to type, the loss of 
hemolytic power is accompanied by a slight loss of virulence, the alpha de- 
rivatives usually but not always give the same fermentative reactions.” In 
tins investigation we were able to confirm these results. The alpha variants 
from the beta hemolytic types were antigenieally distinct although giving 
identical fermentative reactions. 

Our experiments on animals to date have shown definitely that the or- 
ganism has very low virulence. Large quantities, regardless of the phase, 
when injected into rabbits produce no toxic effect. However, by repeated 
injections of any of the three phases over a period of from twenty-three to 
tliirty-live days definite localization has been demonstrated. This section of 
the investigation has not yet been completed. 

SUMMARY 

1. Two eases of subacute bacterial endocarditis are described in which 
diphtheroid appearing organisms were recovered repeatedly from blood cul- 
tures during life. 

In Case one, Gram-IVeigert stained sections from the vegetation on the 
aortic valve at autopsy showed both diphtheroid appearing forms and chains 
of strcqitococci in each section. Bacteriologic investigation in both eases 
showed that the streptococcus under study existed in two phases, a typical 
streptococcus phase and a diphtheroid phase. 

2. As a result of the bacteriologic studies of the two cases reported in 
this paper evidence is submitted which shows that the occurrence of diph- 
theroid appearing organisms in blood cultures from suspected cases of suba- 
cute bacterial endocarditis must be regarded as important. The organism, 
isolated from blood cultures in the diphtheroid phase, changed under suitable 
conditions into a green producing streptococcus which is unquestionably oi 
etiologic significance. 
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THE USE OF GALACTOSE IN THE DIFFERENTIAL DIAGNOSIS 

OF JAUNDICE 3 


A Preliminary Report 


Kenneth A. Owen, M.D., Cleveland, Ohio 


TN A SURVEY of the literature concerned with the physiology of the liver 
^ and the tests devised to estimate its functional capacity, 1 ’ *’ 3 ’ 4 ' 0 it is note- 

worthy that until recently very little of clinical value has been accomplished 
either in the diagnosis or in the prognosis of liver disease. 

There are several reasons for this. First, the liver is a huge organ, the 
site of multiple activities, and has been aptly called “the great storage battery 
of the human body.’’ It is obvious, therefore, that no one test is likely to 
yield an accurate index of its total functioning capacity. Furthermore, ex- 
perimental work has shown that there is a tremendous hepatic reserve, a re- 
serve greater probably than in any other* organ of the body. To cpiote from 
the report of Bollman and Mann on lesions of the liver produced experi- 
mentally in dogs: 5 “It would appear that any test, capable of measuring the 
metabolic changes which depend entirely on the liver, would give an accurate 
index of the efficiency of this organ. There are several reasons why such tests 
show but little, and studies of animals from which the liver has been partially 
removed reveal some of the reasons for the failure of those tests. In the dog 
and in many other animals, the liver consists of several distinct lobes, one or 
more of which may be successfully removed. Immediately following such 
operations, the remaining portions of the liver begin to hypertrophy, and by 
serial operations, removing a lobe of liver every few weeks, it is possible to 
remove more hepatic tissue than was originally present and still have a normal 
amount of hepatic tissue remaining in the dog. During this process no signs 
°f hepatic insufficiency are observed except a transient upset of a few days’ 
duration, which is probably due to injury of its remaining hepatic tissue rather 
than to actual deficiency because of removed tissue. ... It is obvious that less 
than 20 per cent of liver can accomplish the work of the entire organ.” 

Second, the main effort and emphasis in the study of this problem from 
the laboratory standpoint have been expended on attempting to estimate the 
axcretory capacity or permeability of the liver by the use of various dyes — in 
a Wa y analogous to the dye tests of renal function. Ms a result of this, the 
bromsulphalein and rose bengal tests have come into general clinical use. Their 
'alue is indeed very limited, for while the rate of their elimination from the 
hlood stream and excretion by the liver may give some information as to the 
Permea bility of the liver and the patency of its biliary system, it helps not at 

"From the Cleveland Clinic. 

Rt.*ceiv(.<l for publication. January 5. 1931. 
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all iu estimating the ability of the liver to perform its more vital functions. 
Foremost, among these may be mentioned the conversion of sugar to glycogen, 
its storage and release again into tiie blood stream as glucose; the synthesis 
of urea; the formation of bile pigment and the detoxification of poisons. 6 The 
dye excretion tests do not indicate the capacity of the liver to perform these 
functions; and furthermore, when either intrahepatic or obstructive jaundice 
is present, the estimation of dye in the plasma is bound to be inaccurate, yield- 
ing a value which is almost always too high. 

Tests of pigmentary function of the liver, of which the van de.n Bergh 
test is outstanding, have been of no help in determining the nature or extent 
of liver damage and have failed particularly in the differentiation of obstructive 
and intrahepatic jaundice. In recent years, the rate of removal of bilirubin in- 
jected intravenously has been used as a test of liver function as reported by 
Bergmann in 1927 and by Ilarrop and Barron in 1931. 7 

Estimation of the cholesterol content of the blood plasms in cases of 
hepatic and biliary disease has been reported recently in an excellent article 
by Epstein. 3 This promises to be a valuable means of estimating liver damage. 

Since the discovery of the glycogenic function of the liver by Bernard 
about the middle of the last century, many reports have been published in the 
literature on the utilization of various sugars for testing hepatic function. 
These investigations have been productive of widely divergent results and 
interpretations, due to the fact that the tests were not standardized, that they 
were used in all varieties of liver disease, and that no allowance was made for 
the properties of great reserve and rapid regeneration which we now know to 
exist. In short, extensive acute or subacute damage to the liver must, be present 
before changes are reflected by a derangement of carbohydrate metabolism. 

In this report, I shall confine the discussion to that puzzling group ot 
cases of relatively painless acute jaundice in which neither the history, physical 
signs, nor laboratory reports make the diagnosis clear. These cases may be due 
to common duct obstruction of one sort or another or may be caused by acute 
or subacute diffuse liver damage, such as occurs iu catarrhal icterus or toxic 
hepatitis. 

Recently a modification of the glucose tolerance test has been used with 
some success to estimate the liver function by workers at the University of 
California. 0 

Keeping in mind the functional complexity of the liver, its great reserve 
and power to regenerate rapidly, and the present inadequacy of the tests m 
general use to determine its “vital capacity,” the problem of jaundice and its 
differential diagnosis by means of galactose tolerance may be considered. 

This differentiation has often confused the keenest clinicians, yet it is of 
the utmost practical importance to the patient, since the therapeutic measures 
are diametrically opposed. Extrahepatie obstructive jaundice is a surgical 
problem. In jaundice due primarily to inflammation or degeneration of the 
liver parenchyma, surgery is positively contraindicated. The galactose tolex- 
ance test of liver function furnishes a simple and positive means of making t is 
differentiation. 
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USE OE GALACTOSE 

About thirty years ago the use of levulose as a test for liver function was 
sLU and five yea,, la.ee Kiehaed Bauer of V.enna . bj*. . to 
me galactose for the same purpose.- Sh.ee that tune levulose, **»<».“ 
fructose all have bccu proposed and tried os tests of the earbol. yd.ate - 

lisa, of the liver will, little success. Galactose, svh.eh appears o be the mo 
valuable of the monosaccharides for this purpose, has rece.ved but 

tentiou in this country. „ 

In 1031 several papers were published by Shay, Sel.loss Bell, and Eodis 

of Philadelphia outlining the theoretical considerations for «‘e use of a - 
lose as a test of liver function" and also their results m eases of aund ce 
The work here reported was done in order to confirm or deny then timi ngs. 

Prom a theoretical standpoint, in considering the use of any earbohydia e 
as a test for liver function, galactose seems best touted for tta purpose. j 
the sugar must be pure and stable. When given orally .t must be abso.bed 
from the gastrointestinal tract easily and with little decomposition by bac- 
teria. It must be capable of transformation by the liver into glycogen, prefer- 
ably with difficulty; the normal tolerance for the sugar must be known, i 
finally, there must be a stable renal threshold. 

Galactose may be obtained in a pure form, though it is rather expensive. 
It is rapidly absorbed from the gastrointestinal tract and accoidmg to p • - 
ent knowledge, it is utilized onhj by the liver and that wath difficulty. It is 
well known that the other sugars have no such specificity. Furthermore, ex- 
perimental work lias shown that after reaching the geneia cucu a ion 1 is 
all excreted by the kidneys, regardless of the condition of the other glan s. 
There is no renal threshold for galactose . 11 

Since the liver has such adequate reserve and such power for rapid regen- 
eration, it is clear that in local or slowly progressive liver disease there is no 
change in the carbohydrate metabolism. But it is equally obvious that marked 
derangement of carbohydrate metabolism might be expected when there is ex- 
tensive acute or subacute damage to the liver cells or when chronic damage has 
gone on to such a stage that regeneration fails. The variable results which have 
attended many types of tests for the function of sugar metabolism may be 
explained partly on this basis. In other words, the test lias definite limita- 
tions, and it is these very limitations which make it valuable in the differential 
diagnosis of jaundice. The galactose tolerance test of liver function serves to 
identify and differentiate those cases of diffuse liver damage which occur in 
toxic or infectious jaundice from those eases of jaundice due to obstruction 
the bile ducts. 

TECHNIC OF THE GALACTOSE TOEERANC E TEST 

The work of Shay and Schloss lias shown that the normal liver, regardless 
of age, sex or condition of the other glands, can metabolize about 40 giams of 
galactose. That portion not stored by the liver appears in the urine as a re- 
ducing substance, identified chemically and polariscopicall% as galactose. In 
their series of normal persons, this output varied from 0 to 3 grams. 
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The test is earned out as follows: 

1. A fasting specimen of urine is obtained. 

2. The patient is given 40 grains of pure galactose, dissolved in one pint 
of water. 

3. Breakfast is omitted. 

4. All urine voided in the next live hours is collected, preferably in hourly 
specimens. 

5. The specimens are tested qualitatively for galactose and all those posi- 
tive are lumped in one volume and tested quantitatively by the Benedict 
method. (In diabetic patients it is possible to eliminate glucose by the process 
of fermentation with yeast, as galactose is relatively stable.) 

In Table I are listed the series of normal values prepared by Shay and 
Scldoss and my own series of normal values, obtained by the same technic. 
In respective columns are given the ages of these persons in years, their weight 


Taulk I 


Conr.ui.mVE Study or Excretion or Galactose is Mai.es and Females 

S/ttiy tt at. 


fe.uai.es 

MALES 

AGE IN* 

YEARS 

WEIGHT 

(POUNDS) 

GALACTOSE IN* 

URINE 

(cm.) 

AGE IN* 

years 

WEIGHT 

(FOUNDS) 

galactose in 
URINE 
(GM.) 

5 

52 

0.50 




26 

100 

0.00 



1.20 

55 

102 

0.25 



1.50 

G*i 

107 

2.20 


H . 1 B 

1.0S 

03 

108 

0.69 




55 

110 

0.13 



2.20 

42 

110 

1.00 

:jo 

126 


63 

115 

0.30 

64 

129 


49 

115 

0.70 

50 

129 

1.20 

64 

134 

0.98 

50 

133 

1.10 

35 

150 

0.00 

40 

142 

1.20 

18 

153 

0.05 

til) 

160 

0.00 

38 

102 

1.9S 


162 

1.10 

50 

175 

0.00 


162 

1.S7 

32 

1S5 

0.19 


166 


Average 

0.04 

Average 



Author 


20 0.0 (trace) 

0.0S 
0.9G 
1.30 
2.00 
1.47 
1.47 

0.00 (trace) 
0.00 
0.75 
0.40 
2.10 
• 0.85 
0.75 

70 0.00 
OS5 


1.10 

1.50 

1.20 

0.70 

0.S2 

0.63 

1.50 

1.65 

0.00 

0.70 

0.50 

1.50 

0.50 

0.80 

0.40 

0.90 


Average 
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in pounds, ami tile amount of galactose found in the tiriim during the five 
hours following iugeMion. 

It is set n in these two series containing sixty normal eases that the aver- 
age urinary output of galactose is less than 1 gm. The highest output in the 
first series was 2.2 uni. and in my series. 2 gin.: while the great, majority 
of normal persons excreted less than 1 gm. 

From these observations it seems safe to state that an output of 2.0 gm. or 
more is abnormal. In my series it has been found invariably that in normal 
persons galactose, if excreted at all. appears in the first and second specimens 
and rarely is found in the later specimens. 

At the Cleveland Clinic, galactose has been used as a test of liver function 
for over a year. The results of this investigation may he summarized as fol- 
lows: Front the standpoint of the amount of galaetosuria, the patients tested 
fall into two general hut rather definite groups. In those excreting abnormal 
amounts of galactose, the clinical impression pointed toward diffuse liver dam- 
age; in those with a normal output, clinical investigation or subsequent explora- 
tion revealed the jaundice to be due to biliary obstruction. A summary and 
comparison of clinical and operative findings with the results of the galactose 
tolerance test are presented. (Table IIA and 1115.) 

In the fust group of undoubted cases of biliary obstruction, the galactose 
test, prior to operation, showed in each of these a normal secretion, averaging 
0-87 gm. 

In the second group, however, in which the diagnosis of diffuse liver 
damage is reasonably certain, marked galaetosuria ranging from 1.90 to 9.1 
gm. (average over 5 gm.) was present. These results correspond very well 
with the observations of Shay, Sehloss anil Rodis.' 2 

A review of the histories of several of these patients gives some impres- 
sion of the value of the test in differential diagnosis. 


Case 1 . — A man, aged fifty-four years, was admitted to the hospital, complaining of 
hunger pains, itching, and jaundice of one week’s duration. The past history was irrelevant 
except that he had noticed a gradually increasing epigastric pain before meals during the 
Preceding year. Physical examination revealed moderate, generalized icterus, fair nutrition 
and an enlargement of the liver, which was described as being 6 cm. below the costal margin* 
rough, irregular, and not tender. The cholecystogram showed a nonfunetioning gallbladder. 
T he bromsulphalein test showed 80 per cent retention of dye in one-half hoar. The clinical 
diagnosis was “common duct obstruction, probably stone.” The galactose test showed an 
output of 1.8 gm., corroborating the impression of obstruction. Operation revealed an in- 
operable cancer at the head of the pancreas. 


Case 2.— The patient, a man, aged forty-two years, was admitted to the clinic, complain- 
mg of indigestion, belching, progressively increasing jaundice, and the loss of 10* pounds in 
weight in the course of three weeks. The patient had had several phallic sores and a positive 
biood Wassermann two months before, for which he had had no treatment. The patient 
was well nourished, moderately jaundiced, with a slow pulse rate and slight tenderne”- 
over the right upper quadrant. The liver was palpable 3 cm. below the costal margin. The 
assemann test was weakly positive, the bromsulphalein test showed a retention of 30 n- 
cent in half an hour and the galactose test an output of 3.3 gm.— confirming the cdinfZi 
impression of catarrhal jaundice or syphilitic- hepatitis. 

Case 3.— A housewife, aged twenty-six years, came to the clinic complaining 

'cakness, and itching. Four years before, the gallbladder had been removed" tL 

* ** o yesrs 



. Jaundice of ilie Obstructive Type 


316 
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‘-t'T ilit' j.itiiijt hud ami wu.* iipcr.'ib 1 '! i>n again. .\t that lime a small stum.* 

was n-mowit from Uio rtmuuuu iluct will* Mibsvqurut ilruiuuge of bile for ton weeks after the 
operation. Right months previous to her visit to tin 1 elini**. jaumlire attain lta<l appi-nrnl in 
intennittent attarks with rceurrcnl pain in the left upper qmnlrunt, which pain lnnl persisted. 
hxnminaUon revealed emaciation, generalized icterus, and a large tender liver, with question- 
aide splenic eitlartteinent. The patient had a slight fever, and a slow pulse rate. 

The bromsiulphalvin test showed <it> per rent retention in one-half hour. The icterus 
index was 7 a. The elinieal impression was that tin* jaundice was due either to common duct 
stone or to adhesions. The gal:wUi-e test showed a normal excretion of O.tKl gm. At opera- 
tion the common duct was found occluded by adhesions. The liver was normal. 

Cask I — A woman, aged thirty-two years, was admitted to the hospital complaining 
of jaundice and weakness and with the story of having had nausea and vomiting, recurrent 
dull pain in the right upper quadrau*, and progressive jaundice ot three weeks ’ duration. 
Physical examination revealed a poorly nourished young woman with moderate icterus and 
tenderness over the right lobe of the liver. The eholeeystogram showed a functioning gall- 
bladder. The van den Uergh test was direct; the serum bilirubin was 5.8 gm. The elinieal 
impression was “stone in the common duet.’’ The galactose test showed an ouput of 4.1 gm. 
—indicating an intrahepntic process, rather than obstruction of the duct. Operation for 
stone did not disclose any obstruction. The appendix was removed, and the patient re- 
covered uneventfully. 

This is an excellent example of the value of the galactose test before operative pro- 
cedures are considered too hastily. 

Case T>. — A dentist, fifty-six years of age, was admitted to the hospital complaining 
of weakness and slight indigestion for three months. Three weeks before admission he had 
begun, to experience vague epigastric distress and pain in the right upper quadrant, some 
nausea and clay-colored stools and, ten days before admission, the development of a steadily- 
deepening jaundice. The physical examination revealed generalized icterus, fair nutrition, 
normal temperature, and a large, tender liver. The gallbladder was nonfunctioning, accord- 
,n g to the roentgenogram. The bromsulplialciu test showed a retention of 100 per cent, the 
scrum bilirubin was 20 mg., and the galactose output on two occasions was 7.0 and 6.5 gm., 
respectively. There was much debate as to the nature of jaundice in this ease. Operation 
was seriously considered, but since the jaundice seemed to be subsiding, this was abandoned. 
The galactose test revealed that the cause of jaundice was intrahepatie, probably of catarrhal 
nature, and not obstructive. 

In reviewing tke.se five representative cases, it is evident tkat tke ability 
or failure of tke liver to metabolize tke galactose has given valuable negative 
evidence as well as positive findings in cases in which operative interference 
has been considered. 

Prom the standpoint of prognosis, tke test also is of value. Several of 
the patients with catarrhal jaundice or toxic hepatitis have had subsequent 
galactose tests and concomitant with clinical improvement, and in several in- 
stances even before improvement was obvious clinically, the excretion of 
galactose gradually fell to normal. These patients all recovered. (Table III ) 

It has been of interest to review in the literature the eases studied with 
this test. In his early work, Bauer thought that he had found a test for cir 
rhosis of the liver. Two years later he reported the finding of an alimentary’ 
galactosuria in catarrhal jaundice and described ten such cases showing r, a l ac 
tosuria which gradually decreased as the patients improved 13 He conshl i 
an output of more than 3 gm. as indicating a pathologic condition of the liver 
In the comparative series of cases recently published by Shay, Sckloss and 
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Table III 


Puogress Studies op Galactosukia 


DIAGNOSIS 

DURATION' 

(DAYS) 

GALACTOSE 

EXCRETION' 

(GRAMS) 

OUTCOME 

Catarrhal jaundice 

»> 

5.0 



r> 

3.5 




0.4 

Well 

Ciuchophen hepatitis 

7 

0.0 



n 

•1.0 

• 


11 

•1.2 



17 

3.S 



21 

3.0 

Improved 

Arsenic hepatitis 

7 

0.1 



21 

2.3 

Well 

Catarrhal jaundice 

It 

7.0 



15 

6.5 



21 

2.0 

Well 


Rodis, au output of galactose of more than 3 gm. was considered indicative of 
liver damage, and these authors expressed the thought that the element of chance 
may work against the test in both of these types of eases. For in mild catar- 
rhal jaundice or hepatitis the carbohydrate metabolism may be only slightly 
altered and may tend to rapid recovery, while in the other group in which 
there is chronic damage to liver cells, destruction may progress to a state of 
diffuse involvement. It is also known that a so-called catarrhal jaundice or 
hepatitis may complicate the course of a chronic liver disease, such as cirrhosis. 

In the series here reported, 1 have seen and listed several such instances 
of advanced cirrhosis with ascites and the terminal development of jaundice. 
In all of these cases, there was an abnormal excretion of galactose. In the aver- 
age uncomplicated case of cirrhosis, however, assuming that only fibrosis is 
present, it is obvious that the carbohydrate metabolic function of the liver 
is normal and that only the permeability or excretory function is deranged. 
(Table IY.) 

Table IV 


Galactose Excretion ix Focal on Chronic Liver Disease 


AGE 

DIAGNOSIS 

ASSOCIATED CONDITION' 

BASIS FOR DI- 
AGNOSIS 

BIIOM- 

sulph- 

ALEIN 

GALAC- 

TOSE 

EX- 

CRETION 

48 

Carcinoma stomach 

Metastnses — liver 

Autopsv 

30-2094 

1.7s 

63 

Cirrhosis 

Diabetes — ascites 

Clinical 

100-5094 

3.S2 

62 

Cirrhosis 

Ascites 

Autopsy 

lOO-SO# 

1.27 

49 

Cirrhosis 

Hyperthyroidism 

Autopsy 


0.00 


Cirrhosis 


Autopsy 


trace 





48 

Carcinoma — site (1) 

Mctastases — lung, perito- 

Clinical 





neuin 



0.S2 


Nephrosis 

Edema 

Clinical 


0.50 

21 

Banti J s 

? Cirrhosis 

Clinical and 


trace 




operation 



50 

Cardiac 

? Cirrhosis 

Clinical 


0.S4 


Pernicious anemia 

Parkinsonism 

Clinical 


trace 

52 

Toxic hepatitis 

Jaundice (2 months) 

Operation 

so-so% 

trace 




Pathologic 






section 

— 
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To rvcapitulate— prai'tifjilly all of the casts which have been reported as 
showing an abnormal excretion of galactose fall into the group in which it is 
reasonable to believe that a relatively acute diffuse liver damage has taken 
place. Among these may he listed cases of catarrhal jaundice, arsphenainine 
hepatitis, phosphorous poisoning, acute yellow atrophy, syphilitic hepatitis, and 
the hepatitis of infection or intoxication, such as is occasionally seen in pneu- 
monia or hyperthyroidism. 

In conclusion, it seems that the galactose tolerance test of liver function 
furnishes a simple hut valuable procedure which clearly identifies and differ- 
entiates the toxic or infectious type of jaundice from the jaundice due to 
extrahepatic causes. 
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LABORATORY METHODS 


THE DETERMINATION OP SERUM PROTEIN BY MEASUREMENT 
OF THE VOLUME OF PRECIPITATE 9 


Fi.okexck AY. Haynes, Pii.D., Boston, Mass. 


' I ’HE protein content of urine and cerebrospinal iluid is commonly determined 
by the measurement of the volume of protein precipitated by certain reagents. 
Shevky and Stafford 4 compared previous clinical precipitation methods for 
protein and developed a more accurate one, using Tsuchiya’s reagent. This 
method has been used and modified by McNaught* for cerebrospinal fluid and 
by MaeKay (Peters and A r an Slyke-) for urine. Samson 3 has presented a micro- 
precipitation method for serum protein as well as for serum albumin and globulin 
but docs not give figures for the absolute amounts of protein in either case or 
compare his values with those of other standard methods. In the hope of making 
available a simple clinical method for blood protein, comparative determinations 
have been made both by the precipitation and by macro-Kjeldahl methods. 


TECHNIC 

The procedure adopted was that given for urine by Mac Kay with the excep- 
tion that the volume of protein precipitated was compared with the volume oi 
precipitate from a standard casein solution (McNaught). For this standard a 
solution containing 3.0 gin. casein, 1.0 gm. sodium bicarbonate, 25.0 gm. sodium 
chloride, and 20 c.c. formalin was made up to a liter and filtered. The nitrogen 
was then determined by the Kjeldahl method. Such a standard keeps indefinitely 
at room temperature. The serum was diluted 1 to 50 and 1 to 75 with 2.o 
per cent sodium chloride. Four-cubic-centimeter amounts of diluted serum were 
put in Shevky-Stafford tubes, two tubes being used for the standard, two for the 
l-to-50 dilution, and two for the l-to-75 dilution. The volume of precipitate wa-> 
thus brought into range noth the volume from the standard. Tsuchiya’s reagent 
(1.5 gm. phosphotungstic acid and 5 c.c. concentrated hydrochloric acid made 
up to 100 c.c. with 95 per cent alcohol) was added up to the 6.5 mark; the 
tubes were then inverted slowly three times and, after exactly ten minutes, 
centrifuged for ten minutes at 1,S00 revolutions per minute. 

•From the Thorndike Memorial Laboratory, the Second and Fourth Medical Sen ices (H 
yard) of the Boston City Hospital. - 

Received for publication. November 9, 1933. 
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Calculation was made as follows: 


dram' '/r jiruti'in 
in standard 


Dilution of 
iinkinm u 


Grams ’!< protein 
= in unknown MTinii 


Vol. ppt. unknown 
Vul. [i[it. standard 

l'.XPKItlMKNTAI. ltr.sri.TS 

Results l>v the above method art* shown in Table I. 

The procedure used was adopted as the result of numerous attempt* to 
make the precipitation method accurate tor serum. It was lound uus.itisf.icto } 
merely to multiply the volume of precipitate by the dilution and by the taetor 
0.72, as is done to obtain the amount of protein in urine. Values tor serum 
protein thus obtained vary with the dilution and with uncontrolled chni.fH* 
in the speed of the eentrifuue. Therefore a standard protein solution was used 
Various modifications, as the use of sodium tungstate precipitation, the use ot 
different standards (horse serum, human serum, albumin, and casein as shown 
in Table II), a longer period of centrifut-dnir and dilution ot the scrum and 


Table X 

Precipitation or Serum I'uoteis bv Tsuciiiya’s Keagent 


SERUM ANALYZED 


SERUM 

C.C. 

PPT.* 


1. Normal human serum. 


2. Normal human serum 


S. Normal human serum. 


a. Aortic regurgitation. 
Syphilis. 

5. Malignant hyperten- 
sion. Cardiac asthma. 
0. Hypertension. 

Syphilitic heart dis- 
ease. Nephrosclerosis. 
7. Hypertension. 
Arteriosclerosis. 


8. Arteriosclerotic heart 
disease with decom- 
pensation. 

9. Arteriosclerotic heart 
disease. Nephro- 
sclerosis. 

10. Glomerular nephritis 
Pulmonary congestion 


0.128 

0.120 

0.122 

0.100 

0.133 

0.129 

0.114 

0.115 

0.179 

0.180 

0.128 

0.131 

0.108 

0.117 

0.102 


0.131 


0.135 


0.095 


oil. c /( \ 
STAND ' ! emit, in 

CX ', I CASEIN j 
1,pT ' I standard! 

DILU* | 
TION 

or 

SEKl'M 

1 

GM. % 
'KOTEIN 

GM. 7r 
PROTEIN 
(KJEI.DAHI.) 

PER- 

CENTAGE 

or 

ERROR 

0.120 

0.0929 

1:75 

jfeiBifa 

7.08 

0 

0.121 

0.0929 

1 :75 

6.91 

7.08 

- 2.4 

0.120 

0.0929 

1:75 

7.08 

7.0S 

0 

0.102 

0.1394 

1 :50 

6.S8 

7.06 

- 2.5 

0.129 

0.0929 

1:74.3 

7.11 

7.06 

wmam 

0.129 

0.0929 

1:75 

6 96 

7.06 

- 1.4 

0.108 

0.0929 

1 :7 5 

7.35 

7.06 

-f 4.1 

0.114 

0.0929 

1 :75 

7.02 

7.06 

- 0.6 

0.205 

0.1567 

1:50 

6.85 



0.200 

0.1567 

1 -.50 

6.49 

U.78 


0.148 

0.0929 

1:75 

6.03 

6.78 


0.147 

0.0929 

1:75 

6.21 



0.105 

0.0929 

1:75 

7.18 



0.119 

0.0943 

1 :75 

6.95 

7.52 

- 7.6 

0.109 

0.0943 

1:75 

6.61 

6.69 

- 1.2 

0.100 

0.0943 

1:50 

5.82 

6.44 

- 9.6 

0.099 

0.0848 

1:75 

6.42 

6.41 

-r 0.2 

0.108 

0.084S 

1:75 

5.S9 

6.41 

- 8.1 

0.105 

0.0848 

1:74.6 

6.32 

6.41 

- 1.4 

0.130 

0.0943 

1:50 

4.89 

5.81 

- 5.6 

1 0.125 

0.0943 

1:50 

4.34 

4.84 

-10.3 

5 0.132 

0.0943 

1:50 

4 39 

4.84 

■ 

5 | 0.110 

0.0943 

1 -.50 

4.07 

1 4.47 



•Each figure Is the average from duplicate tubes. 
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Table II 


Use of Different Standards in tiie Precipitation of Serum Protein 
by Tsuciiiya’s Reagent 


SERUM ANALYZED 

STANDARD USED 

Git. % 
PROTEIN 

GM. % 
PROTEIN 
(KJEL.) 

PER- 

CENTAGE 

OF 

ERROR 

Normal human serum I 

Horse scrum A 

Mtiti Ml 

7.24 

- 4.1 


Horse serum A 


7.24 

+ 3.1 


Human serum II 


7.24 

- 9.1 


Casein A 

IHm: SH 

7.24 

- 5.S 


Casein A 

0.02 

7.24 

- 4.4 

Normal human serum II 

Human serum I 

7.24 

0.92 

+ 4.G 


Human serum I 

7.01 

0.92 

+ 1.3 

Normal human serum III 

Human serum IV 

7.5S 

7.01 

- 0.4 


Human serum IV 

7.S4 

7.01 

+ 3.2 

From patient with multiple sclerosis and 





epilepsy 

Casein B 

0.09 

' 

- 2.0 


Casein B 

7.01 

■ 

+ 2.0 


Albumin A 

7.31) 

G.S7 

-t- 7.G 

From patient with syphilitic meningitis 

Human serum IV 

TTM 

G.G;> 

+ 3.3 


Human serum IV 

7.00 

G.G 5 

4* u.3 


Casein B 

0.S7 


+ 3.3 


Casein B 

5.31 

0.05 

-12.0 


Albumin A 

0.97 

0.05 

+ 4.3 


Albumin A 

0.71 

0.05 

+ 0.9 

From patient with chronie edema 

Casein B 

3.0S 

3.S5 

- 4.4 


Casein B 

3.7S 

3.S5 

- 1.S 


Albumin A 

3.0S 

3.S5 

- 4.4 


standard with different concentrations of saline have been tried in attempts to 
make the method more accurate. Results with different concentrations of saline 
are shown in Table III. 

Table III 


concentration of saline 


O.S% 

1 . 0 % 

1.5% 

2.5% 


A VERAGE PERCENTAGE ERROR 

+0.5 

+4.0 

+4.1 

-4.0 


In a few eases the precipitates were resuspended in 80 per cent alcohol and 
recentrifuged. Considerable variation in the volumes of precipitate in duplicate 
tubes was found in all of these modifications. For example, five volumes of 
precipitate from the same solution, centrifuged at the same time, varied in one 
ease from 0.175 to 0.190 c.c. of precipitate. In the later determinations it was 
thus considered necessary to compare duplicate tubes on all samples. 

From the tables it may be seen that the majority of the results have an 
error of less than 5 per cent although they may occasionally vary from the 
Kjeldalil determination by as much as 12 per cent, especially when the amount 


of protein is small. 

The average percentage error (+6.5 to -4.0 per cent) compares favora J 
with the error found by Slievky and Stafford 4 for urine (average error, S4 pei 
cent; standard deviation, ±9.7 per cent). The results obtained by McNaugi 
on cerebrospinal fluid are, however, somev'hat more accurate (1.5 to 5.1 per cen 
error). It is recognized that an inherent error exists in methods based on t n 
precipitation of colloids, the physical state of which may vary in different ex- 















1323 


. fsr cQU'Jl PHOTEINS 

HXV.ES: OETEKMISATIO. <>• • ^ by 

periments. Factors wltie^ “^Lvc' 1>cc " the 

s=ji f ~ 

specific SMOtJ- “" d " s “ A-attm of tt» aystem. 
and to some extent the l 

soimab\ presented and 

w tbe determination of sC rnm by a phos- 

A simple method for precipitated f 10111 ft . d tubes and com- 

discussed. The ™lfimc 0 protem ta Shevky^tafto. 

j^ss^rs: - — 

Kjcldahl determination, make the P 

use. REFERENCES Ccre bros r .inal Fluid. J. 

. „ - { Total Protein m Lcrto 

„ OT ,rttative Estimation o Methods, 

1. McNaught, J- B.: Q“ ’ 16; 999 , 1931. p tativ e Clinical Chemistry 

. ***££ 5>» “£>£,’&«&» ‘Wf^SfUawt “' 

S uJt S S™i£*-““““ 8 E ’”“ , M « lh „ a me Motion •< 

3. fcamson, IX 2q i 92 9. p . A CUmcal Mcthott ^ w23< 

1. Shev^M. C. -f^/Body Fluids, Arch. Int. - 



TUB REFINING OF ANTISERUMS* 


A. J. IvLKIN, C'H.VKIjKS 1\. 


(lUKKWVAI.n, AND K. GkOHUE Fai.k, Nicw Yoitic, N. Y. 


INTRODUCTION 

r I UIE method of refining and concentrating antiserums and antiplasma which 
is used in this laboratory will be described in this paper. This method is 
being used for antipneumoeoeeus and antimeningoeoeeus serums and in modi- 
fied form for other serums. The experimental procedure will first be outlined; 
then modifications and explanations of the procedure will be given; and finally 
a brief discussion and summary of the relations will be presented. 


KXI'KKIMKXT.U. PROCEDURE 


The method to be described is that used primarily for refining pneumococcus 
antiserums. 

a. Preparation of Serum. t — Immediately after the separation of the serum, 
0.5 per cent phenol was added in the form of a solution containing five parts 
phenol and six parts ether. 1 If this immediate addition was not possible, the 
phenol was added as soon as practicable. The serum was kept cold. Before 
beginning the further treatment, the serum was tested as to sterility. If bacteria 
were present, the serum was filtered through a Berkefcld filter, No. N. 

b. Dialysis of Scrum . — The serum, containing 0.5 per cent phenol, was well 
mixed, placed in cellophane (No. 000) bags, from 3 to 4 liters in each. To each 
bag 10 e.e. toluene and 5 e.e. chloroform were added. Each bag was then tied 
tightly near the top, the top turned over and tied, or an additional piece of 
cellophane placed over it, in order to eliminate the possibility of contaminants 
dropping into the bag. Dialysis against running tap water was allowed to 
proceed for from five to seven days. After forty-eight hours and again after 
ninety-six hours, 0.2 per cent phenol (in ether) was added to each bag. The 
temperature of the tap water ranged from 12° to 25° C. at different times of 
the year. The duration of the dialysis was greater with the cooler water. The 
sterility of the dialysate was tested after dialysis. 

c. ‘'Acid Protein-” Precipitation ^ — The dialysates were removed from the 
hags and mixed, the bags washed with several hundred cubic centimeters of dis- 
tilled water, which were added to the main bulk. Dry sodium chloride to bring 
the solution to N/20 was added (2.92 g. per liter). The solution was placed 
in the ice box overnight. Early the next morning, it was brought to 5.1 
until normal acetic acid (y - dinitrophenol as indicator), allowed to stand in the 


•From the Bureau of Laboratories, Department of Health, New YorK. N. Y. 

Received for publication, November 3. 1933. 

tThe serum was_ obtained from horses ^immunized with Uie with* formalin. I» 


sediment of 


pneumococcus broth cultures taken up with saline and the vaccine 
general terms, the horses were inoculated three successive days, reste 


osted six days. ; 
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cold for from four to five hours, ancl filtered through paper pulp and supei 
cel” 5 on a Buchner funnel until clear. 

cl. Preliminary Tests far Antibacterial Substance Precipitation—' The filtered 
solution was brought to P„ 5.9 with N NaOH and kept in the ice box Portions 
of 50 c.e. were brought to P„ 5.9, 6.1, 6.3, and 6.S (with N NaOH where neces- 
sary) (p-nitroplienol as indicator), diluted with from foui to \e loumes o 
Berkefeld filtered tap water, and allowed to stand in the ice box oyermgi . 
The next day the mixtures were centrifuged, the precipitates dissolved m one- 
fifth the volume (10 c.c. each) of 1 per cent sodium chloride solution, and the 
supernatants were tested for antibacterial substance contents by precipitin oi 
agglutinin reactions (or both.) 2 In estimating the contents in this way, account 
was, of course, taken of the concentration or dilution of the antibacterial sub- 
stance in comparison with the original serum. . 

These tests were carried out under the direction of Miss Georgia oopei, 

who outlined the procedure as follows: . 

“The titrations were made with quantities of antiserum from the following 
range, which were selected to show the character and the end point of the re 
action; 0.1, 0.05, 0.02, 0.01, 0.005, 0.002, 0.001, 0.0005, 0.0002, 0.00001, O.OOOOo 


c.c. 

“For the agglutination tests the antiserums were so diluted wnth physiologic 
saline that the requisite amounts were contained in 0.5 c.e. Five-tenths cubic 
centimeter of each of the dilutions and 0.5 c.e. of a fresh eighteen- to tv entj -hour 
broth culture of pneumococci were mixed in test tubes and incubated foi two 
hours at 55° C. Readings were made. The tubes were stored in the ice box 
overnight and readings again made. 

“For the precipitation tests 0.1, 0.05, and 0.02 c.c. of the undiluted anti- 
serums and the smaller quantities diluted to be contained in 0.05 c.c. were ob- 
tained with 0.1 c.c. of the precipitating antigens in test tubes. The tubes were 
rolled for two minutes. Five-tenths cubic centimeter saline solution was then 
added to each tube and readings were made. The precipitation antigen was 
prepared bv growing pneumococci in phosphate beef -heart bioth for about a 
week, at the end of which the organisms generally were found to be autoljzed. 
The precipitation antigens before use, when necessary, were centrifuged until 
clear. "With certain exceptions, the end points of precipitation, and of agglu- 
tination to a lesser degree, indicated with a moderate degree of accuracy the rel- 
ative amounts of mouse protective antibacterial substances in the antiserums 
tested.” 

If the supernatants showed the presence of appreciable quantities of anti- 
bacterial substance (10 per cent or more of the original), in place of procedures 
“e” and“f” which follow, recourse must be had to procedures “el” and “fl.” 

e. Precipitation of Antibacterial Substance . — The solution was brought to 
the desired P„ as found in the preliminary tests, four volumes of Berkefeld 
filtered tap water containing 0.2 per cent phenol added, and placed in the 
ice box overnight. The precipitate in general settled well. The bulk of the 
supernatant was siphoned off. and the rest oi the liquid separated by centrifug- 
ing. 


•Obt.iln.ll from the Johns- M.in\ ilh- O.ri-or.iUi.n. N. York i'ity. 
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f. Solution of Antibacterial Substance. — The precipitate was dissolved in 
from one-fifth to one-tenth of the original volume of 0.5 per cent sodium chloride 
solution containing 0.5 per cent phenol. The amount of solvent was governed 
in part by the potency of the original material and the potency desired in the 
final product, and in part by the physical consistency (viscosity) of the material 
after solution. The solution was placed in the ice box for at least twenty-four 
hours, then filtered through super cel and paper pulp to remove separated fibrin. 
One per cent additional sodium chloride (solid) was added and the solution 
stored at low temperature. 

g. Preparation of Antibacterial Solution for Clinical Use. — The cold solution 
was allowed to warm to room temperature and filtered on a Buchner funnel 
through paper pulp and super cel and then through a Berkefeld filter. If filtra- 
tion was slow through a fine Berkefeld, preliminary filtration through a coarser 
(V), followed by filtration through the finer (N), was used. The filtrate was 
tested for sterility and then bottled in 10, 15, or 25 e.c. vials, as desired. 
Suitable sterility tests on the vial contents were also carried out. The prepara- 
tions were kept in the ice box. At times, solid material (presumably protein) 
separated in the vials at the low temperature but dissolved readily again at room 
temperature. Since the material is warmed at 37° C. before use clinically, this 
separation occasions no difficulty. Stock was labelled to be returned in six 
months. If the solutions became cloudy, they were refiltered and rebottled, as 
well as retested for potency. Potency tests, either mouse or agglutination and 
precipitation, were carried out as described elsewhere both on the filtered bulk 
and on the bottled materials. 

el. Alternative Method of Precipitation of Antibacterial Substance. — If the 
supernatants of the preliminary precipitation tests “d’’ showed appreciable 
quantities (10 per cent or more) of the original antibacterial substance, the 
following method was used. An equal volume of saturated ammonium sulphate 
solution was added with thorough stirring (so-called 50 per cent saturation), 
allowed to stand from four to five hours, and filtered on a number of large 
fluted papers. This filtration was complete overnight. 

fl. Solution of Antibacterial Substance. — The precipitate was removed from 
the filters, pressed between sheets of filter paper in a press for some hours, placed 
in a cellophane bag containing 10 e.c. chloroform, and suitably tied and dialyzed 
against running tap water for from three to four days. To the solution aftei 
removal from the bag, 1.5 per cent sodium chloride and 0.5 per cent phenol 
(as phenol-ether mixture) were added. The volume was then from one-foui th 
to one-half of the volume before precipitation. The solution was placed in the 
ice box for at least a day and then filtered through paper pulp and super cel to 
remove separated fibrin. Further treatment followed that described in section 

“<T ” 

NOTES ON THE EXPERIMENTAL PROCEDURE 

A. The method outlined is given as applicable to antiserums. Essentially 
the same procedure can be used with plasma. The greater amounts of fi n ” 
(and fibrinogen) in the latter may increase the acid, perhaps other precipi a es, 
and may also make filtration slower and more difficult. An essential fea me o 
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the method consists in keeping the material as free from bacterial growth as 
possible. The importance of this fact and the desirability of having no products 
of bacterial growth present in the final products was recognized early and 
strongly emphasized, among others by Anderson 2 in 1309 and by Avery and his 
coworkers 1 in 1917. 

B. Dialysis of the serum was an essential feature of the Banzhaf-Klein 
procedure. 1 This procedure was stated to depend upon the observations o> 
Avery 3 and of Felton 8 that pneumococcus antibacterial substances were pre- 
cipitated from serums by dilution with distilled water. Dialysis in the Banzhaf- 
Klein procedure was assumed to remove the salts and so play the part that was 
taken by dilution. It may be stated that, as a result of dialysis and the accom- 
panying removal of salts, partial, but not complete precipitation of antibacterial 
substance occurred. The function of the dialysis did not, therefore, appear 
to be altogether simple. In addition to removing the salts, it e\ identic imolved 
changes in the character of the globulins. Such changes have been de- 
scribed by Svedberg, 7 ’ s who, as a result of molecular weight determina- 
tions, considered that one globulin was present in serum initially and 
that different treatments broke it down into fractions designated pseudoglobulin 
and euglobulin, and by Reiner and Reiner, 9 who showed that repeated precipita- 
tions resolved a globulin preeipitable at a definite P H value (from 5.5 to 6.0), 
into two globulins preeipitable at two different P» values (5.1 and 6. i). Dial} sis 
evidently caused changes in the natures of the protein fractions which resulted 
in the subsequent procedures furnishing an immunologically useful product. 
It was found possible to keep the contents of the bags sterile throughout the 
dialysis by using the precautions given, although tests 0 showed that about 70 
per cent of the phenol dialyzed out of the bags within the first three days. If 
the cellophane bags were used for more than one dialysis, the} were washed 
thoroughly and kept in 5 per cent phenol solution until used again. 

C. The “acid protein” precipitation as developed by Felton 19 - 11 was an 
essential part of the method. With Types I and II pneumococcus antiserums 
it was permissible to allow the precipitate in the solution to stand overnight 
■a the ice box; with other antiserums the time should be limited to five hours 
because of possible inactivation due to the acid condition. 

D. The preliminary tests for the best conditions for the precipitation of 
antibacterial substance were very essential. It was naturally desirable to obtain 
these conditions in as short a time as possible. Agglutinin and precipitin tests 
were used, therefore, and not mouse protection potencies. Comparative results 
were sufficient for the purposes in view, namely, possible losses of material as 
shown in the tests on the supernatants. A large number of pneumococcus (as 
well as meningococcus and otlu-rt antiserums were tested, but no regularities 
observed as to the most suitable hydrogen ion concentration. The two best values 
were found to be P„ 5.0 - 6.1 and P H 6.S. Apparently a number of variables, 
including the organism and method used in inoculating the horses, the condi- 
tion and state of the horses (whether they had been bled over a long or short 
period of time), the keeping and handling of the scrums, etc., all played a part 

•C.trri'U out by Ivlw.ird lluxb-ium. 
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in determining the properties of the protein substances present. These condi- 
tions, at present, are not controllable, fn this connection, attention may he 
directed again to the work of Reiner and Reiner referred to earlier in this paper. 
The classification of proteins to be applied to these different precipitates is not 
altogether clear. The “acid precipitate” at P„ 5.1, is in part fibrin and possibly 
euglobulin; the antibacterial substance precipitate may be considered to be 
pseudoglobulin, since practically all anti substances have been found to be asso- 
ciated with this protein fraction. However, this precipitate did not include 
all of the pseudoglobuiin present in the serum. At times, antibacterial sub- 
stance was found in the supernatant from such a precipitate. In such a ease, 
recourse was had to precipitation with 50 per cent saturation of ammonium 
sulphate, the customary method of separating pseudoglobulin. 

With the pneumococcus antiserums, it was found a number of times that 
Types V and VII showed considerable quantities of antibacterial substance in 
the supernatants. However, this was not always typical of these types, but 
more probably due to the previous history of the horses in these special eases 
because serums of these types from different horses caused no difficulty. 

The usual methods of carrying out the agglutination and precipitation tests 
were used. When practicable, both were employed. 

E. In this manipulation it was evidently impossible to avoid contamination. 
Using 0.2 per cent phenol and working in the cold, it was found that bacterial 
growth was practically negligible or very small and the formation of appreciable 
quantities of products of such growth avoided. 

P. With some preparations, after solution, a gradual separation of protein 
substance occurred. This may have been fibrin or a conversion product of the 
globulin. Before use, this cloud or suspension was removed. As a rule, it con- 
tained no appreciable amount of active material. 

(!. The question of sterility was predominatingly important, here. The 
comparatively large concentration of protein present in the final product and 
the occasional difficulty of filtering through a Bcrkefeld filter, necessitated special 
care for this part of the procedure.- After various series of tests, it was decided 
to use 0.5 per cent phenol in all eases although lucent experiments, as yet un- 
published, by Miss Rosenstein and her coworkers in this laboratory have thrown 
considerable light on the efficacy of various disinfectants with different con- 
taminants. Because of the possibility of the solutions becoming permanently 
cloudy on standing, a time limit of six months was placed on the clinical use of 
the materials. If, upon expiration of this time, the solutions were clear and 
showed no marked decrease in potency, they could be used directly. If, how- 
ever, a cloud or suspension was present which did not dissolve on warming to 
37 a C., the preparation was pooled, refiltered, rebottled, and retested for stcnlh) 
and potency. 

Potency tests have been described and discussed in detail at various times. 
Agglutinin and precipitin tests were carried out. by Miss Cooper essentially as 
described in “d” and “e.” Mouse protection tests were also carried out undei 
the direction and supervision of Miss Cooper. The details of the method were 
o-iven at various times by Felton, 1 "' 11 Park and Cooper, 12 - 13 Falk, McGuue, 
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Valentine and Whitney, 1 ' and perhaps in most satisfactory form by Beard and 
Clapp. 15 

El. The necessity of precipitating the total pseudoglobulm fraction by 50 
per cent saturation with ammonium sulphate was obvious. Because of the 
possible inactivation by the salt, the precipitate was filtered on the day it was 
formed. 

PI. The danger of contamination was present in this part of the procedure. 
The presence of the chloroform, care in closing the cellophane bag, and rapid 
working when the material was exposed, however, limited bacterial growth. 


DISCUSSION 

The procedure described is essentially that proposed by Banzhaf and Klein, 4 
but with a number of modifications. The " acid protein ’ ’ precipitation developed 
by Felton 10, 11 is one of the most important single steps in the method. If prop- 
erly carried out, this step is fairly dependable in removing chill-producing sub- 
stances from the preparations. Another important feature of the method is 
the prevention of bacterial growth and the formation of products of such growth 
which, if present, may well accompany the antibacterial substances in the various 
manipulations and produce undesirable clinical reactions. 

The method as described was developed with antibacterial substances ob- 
tained by the use of the different types of pneumococcus. It has, however, 
been used in the refining of other antiserums as will be outlined presently. The 
method has been in use for over two years at the Laboratories of the Department 
of Health with generally satisfactory results as far as the evidence available 
indicates. This does not mean that methods used in other laboratories such as 
various salt precipitations, or the alcohol method of Felton 10 are not equally 
satisfactory. The method described here is preferred by the writers because of 
its comparative simplicity. 

The chill-produeing and possibly other deleterious substances which arc 
occasionally present offer the most direct problem for study. Felton's "acid 
protein” precipitation method is the most useful process available for eliminat- 
ing such substances. With some serums one refinement is not sufficient to re- 
move all of these substances, and the process must be repeated (including dialysis 
for several days, etc.) . It is evident that where large amounts of antiserum, such 
ns for pneumococcus Types I and II, are available, it is possible to cany out 
two, or even more, refinements with profit. With the other pneumococcus "types 
whore much less antiserum is available, the losses in refining comparatively 
small amounts, while in absolute quantity perhaps much the same as with lam- 
amounts, are so much creator in relative or percentage figures, that more th-fn 
one refinement is inadvisable. This is perhaps the reason for the somewhat 
greater number of reactions observed clinically with the less common types of 
pneumococcus antiserum preparations, and not the fact that one proee." * 

refining is better than another, or that more information ' ’ 

tain types. 


is available about cer- 


At the same time, much remains to be done in studying ;l 


various types. For example, as stated before, in 


mtiseriuns for the 


carrying out this 


work, it was 
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found that certain preparations of Type V and Type VII pneumococcus anti- 
serums could not be refined by the simple dilution procedure, but required 
ammonium sulphate for precipitation. Similar materials from different horses 
could, however, be so refined. The cause for the different behavior is, at present, 
unknown. All that can be said is that the antibacterial substances were present 
in different fractions of the “pseudoglobulin” in these cases and that they 
existed in all probability in different fractions of the protein material in the 
serums of the horses. Such differences may well be due to repeated and long- 
continued inoculations and bleedings of the horses. 

In connection with the method described in this paper, several facts may 
be pointed out. The conditions under which the experiments were performed 
were not satisfactory so far as the possibility of maintaining sterility was 
concerned. Even under these unavoidably adverse conditions, it was possible 
in most of the experiments to maintain sterility in the dialyzed solutions. 
The chill reactions of some of the final products may have been caused by the 
bacterial contaminations and growths which took place in some of the refinings. 
But the fact may be stated with some degree of emphasis that, in the opinion 
of the writers, it is not only possible but feasible to maintain sterility, or at 
worst to inhibit bacterial growth, under suitable conditions of working. It 
may be stated again that the method of refining and concentrating antiserums 
here described is in no sense complete and final. It marks a step in that a 
method is presented, simple to carry out, and generally satisfactory although 
the preparations may sometimes require a second or even third reworking. 

The questions of determining potencies and the clinical efficacies of the 
refined preparations do not come within the scope of this paper except in so far 
as the satisfactory attainment of certain standards is a necessary condition for 
the use of the method. The study of potency by mouse tests has been given by 
various workers a number of times. Where sufficiently virulent cultures were 
available, mouse units were used; otherwise agglutination and precipitation 
tests were resorted to as measures of the degree of concentration of the anti- 
bacterial substances in the refining process. Obviously the final volume of a 
preparation as compared to the initial volume controls the degree of the con- 
centration but it may be said in general terms that the antibacterial substances 
were concentrated between five and ten times in the final preparation. The 
losses in active materials were difficult to estimate because of the inaccuracies 
inherent in the experimental method of determining potencies. In order to g 1 ' c 
a figure, which, however, cannot be considered as of a high order of accuracy, 
it may be said that, as a rule, between 50 and 100 per cent of the active material 
was recovered. 

The description of the method referred to pneumococcus antiserums. The 
same method, with practically no changes, was used with meningococcus anti- 
serums with equal success. It may also be used for additional antibacteria 
substances. Its possible application to other materials may be of interest. Fo 1 
instance, some experiments were carried out with scarlet fever antiserum wine 1 
contained both antitoxin and antibacterial substances. Following dialysis ant 
“acid protein” precipitation, the antibacterial substances were separated y 
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dilution at the most suitable hydrogen ion concentration followed by the precipi- 
tation of the antitoxin with ammonium sulphate to 50 pei cen sa u ' ^ 

clinical results with these two preparations (or moie propel j , pio ei 1 ’ • 

were too few to warrant any statement, but the method is su a0 es 
prove of interest and value. 

The work described treats of the practical featm-es of refining an con- 
centrating antibacterial substances. The more pur eh seienti e a^p - 
problem have not been considered. There is, in fact, no eu cnee . 
nature of the active groupings or constituents of the anti su s ances. 
seem as if the time were ripe for a more intensive study of the chemical nature 
of these physiologically active materials. They, inelu nig o 1 an 1 o. 
antibacterial substances, belong to the protein group o pseu o 0 o 1 ’ 

in general terms are less soluble than albumins and more soluble than eu a - 
lins. This classification of the proteins is still arbitrary and based upon de- 
ferences in solubility and not, as far as known, upon definite differences ^ chem- 
ical compositions and structures. The work of Svedberg and of the Reiners 
to which reference has been made, brings out the arbitral-} charat ci o 
classifications. The change in solubility of certain constituen s on ^ a 
in refining indicates this fact. For example, heating diphtheria and tetanus 
antiserums with ammonium sulphate to 30 per cent saturation for an hour at 
58° C. converts some of the inactive pseudoglobulm into insoluble protein. 

On standing (or on dialysis), precipitates may be formed with antibacteria 
products. These phenomena appear to involve the conversion of pseudoglob- 
ulin” into “eu"lobulin.” However, when the arbitrary nature oi the classifica- 
tion is considered, to speak of the conversion of such constituents means nothing. • 
Part of a protein fraction on simple treatment becomes insoluble (perhaps in a 
different nomenclature, denatured) , and that is all that is known. Such simp c 
changes taken in connection with the physiologic actions, however, may offer a 
promising field for study. Similarly, the precipitation of antibacterial sub- 
stances, best at fairly definite hydrogen ion concentrations, these concentrations 
differing somewhat with different preparations, would also repay study. So 
far, chemical analyses have not succeeded in throwing light on any of these 
phenomena. 

SUMMARY 

The methods in use at the Bureau of Laboratories of the Department of 
Health of New York City for refining bacterial antiserums are described. 
Various applications of these methods are discussed and some general theoretical 
relations given. 

The writers wish to thunk Messrs. Jerome X eltz, Eugene fordone, Albert. Glaubiger, and 
Edward Xluxbaum for their aid in carrying out the experiments and in testing the details 
of the various procedures. Thanks are uiso due Miss Cooper, Miss I.osenstein, and their 
assistants for doing the many poteney and sterility tests upon ahich the procedure was based. 
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QUANTITATIVE DETERMINATION OE CHLORAL HYDRATE 


IN BLOOD AND URINE* 


Max M. Friedman, B.A., and Frank A. Calderone, M.D., New York, N. Y. 


G ETTLER and Bliune 1 have described a method based on the work of Cole 
for the quantitative determination of small amounts of chloroform in tis- 
sues. The final step in the method is a pyridine color reaction with chlorotonu, 
known as the Fnjiwara 3 color reaction. This color change is produced not onh 
by chloroform but by all R-C-lialogen., compounds. 

In the course of some work we were doing on anesthetics, we found i 
necessary to determine the quantity of chloral hydrate in the blood and mine, 
and accordingly, after consultation with Dr. Gettler, we employed his methoc 
for this purpose. We met with difficulties, but these were overcome by ceitain 
modifications in the method. With these, we were able to determine quantita 
tively amounts of chloral in solutions containing as little as 0.001 per ceIlt ' 
The procedure we employ for determining- the amount of chloral hytia 

•From the Department of Pharmacology, University ami Bellevue Hospital Medical 
lege, New York University. 
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in bluml is as follows: In n thin-walled tost tub**, about 200 by 20 mm. in 
.size, is plarnl 2 e.c. of a 10 ]). r omit Xa«UI solution, to wliioii is added 1 e.c. 
pyridine (oolorlcss) ami thou ■! o.o. blood filtrate prepared by tin* Kohn-\\ u 
method. In a similar tube is placed tin* Na<Hl and J *> ridine and 4 e.c. of a 
solution of chloral hvdrnte. for a standard, in our work the standard chloral 
hydrate solutions ranged from 1:20.000 to 1:100.000. tin* solution finally used 
for each determination being approximately that corresponding in eliloial 
content to the blood (titrate. The two tubes are shaken simultaneously and 
equally and kept in a boiling water-bath for exactly one minute, ibej ate 
then cooled by placing them in an ice hath for one minute. Six cubic centi- 
meters of water is then added to each and the contents mixed by inversion. 
The contents are then filtered into colorimeter cups and readings made in the 
usual manner. The readings should be made within ten minutes from the 
time of heating, as the color changes on standing longer. 

For determining the chloral in the urine the same procedure is followed 
but here the urinary pigments may interfere with the colorimetric reading. 
To obviate this instead of the final dilution with <i e.c. of water, part of the 
water is replaced bv an amount of urine corresponding to that taken for the 
chloral determination. Mince the pyridine reaction does not occur in the cold, 
samples from the same urine are used in the water replacement. It is advis- 
able that the concentration of the unknown should rattle between 0.01 and 
0.05 mg. per e.c. If it is below 0.01 nig. it is necessary to add known quantities 
of chloral to obtain a satisfactory reading. 

In checking the accuracy of the method described for blood chloral con- 
centration, quantities of chloral ranging from 0.25 to 1 rng. were added to 
3 e.c. of blood and the color read against standard aqueous solutions. The 
blood figures were within - 3 per cent of the standard. 

It should be pointed out that the method used seems to apply only to free 
chloral, or at most chloral which has been very little modified. When con- 
jugated with glucuronic acid, chloral does not develop the pyridine color. 
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A METHOD OF DAMPING THE KEOGH TYPE OF SPIROMETER FOR 
STUDYING TIIE RESPIRATION OF RABBITS 8 


Charles I. Weight, Pir.D., Ann Arbor, Micii. 


W HILE studying tlie effects of morphine and its derivatives on the respira- 
tion of rabbits the author had reason to believe that the Krogli spirometer 
being used did not follow accurately the respiratory volumes of the animals. 
The apparatus consisted of a 40-liter rebreathing tank connected directly to a 



Fig. I. — A record of the variations in amplitude of excursion of the undamped )> r 'E 
spirometer as described in the text. Upper tracing- shows the variation at a volume of «o 
and the rates (per minute) indicated. The lower tracing was made with a volume or m ca- 
nt the rates indicated. 


Krogli spirometer (500 c.c. capacity) that recorded over two pulleys on a 
smoked kymograph paper. The float of the spirometer was made of phosphor 
bronze (0.03S cm. thick), and required a counterbalance weight of 80 gm. at 
a distance of 10 cm. from the axis of rotation. As a test of the ability of such 
a system to follow the respiratory volumes encountered, a 50 c.c. syringe was 
used to introduce known volumes of air into and out of the rebreathing tank. A 
kymograph record of the excursions of the spirometer showed at once that 
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, Thc variation In amplitude of excursion of the undamped Krogh spirometer with rate. 
Fig. 2- — K a ch c U rve represents a constant volume as indicated. 


determination of respiratory volume can be made on rabbits since the respiratory 
rate of these animals varies between 30 and 80 per minute. Especially is this 
true if the animal is forced to breathe CO ; , which is frequently used as a re- 
spiratory stimulant. 

A spirometer float of extremely thin (0.035 cm.) aluminum was made in an 
effort to reduce the mass, and thus the moment of inertia, sufficiently to allow 
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accurate recording at the rates involved, 
means eliminated. 

Finally an aluminum damping vane 


The overshoot was reduced, but by no 
(diameter 5 cm.) was fastened, by 




Fiff. 3. Diagram of the ICro;;h spirometer and the method of damping. The Uoat. counter- 
Ddiance arm, damping vane, and attachment are made of aluminum. 
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Fig. 4. — A record of the amplitude of excursion of the damped ICrogh spirometer at the 
volumes and rates (per minute) indicated. 

means of a hinged joint, to the counterbalance arm as shown in Fig. 3. This 
vane, immersed in oil as shown, effectively damped out all variations in the ex- 
cursion of the spirometer at rates up to 100 per minute. The oil used is com- 


mi nr : 


T1>1S kuu svi'inus 


ia:J7 


mereial motor oil of a viscosity usually designated bv H.A.E. -10. 
critically damps the apparatus here described at room tcmpeiatuies 


This oil 
between 


22’ C. and 26 a C. 

A test of the pressures developed in the lelneatliimt tank -showed that no 
significant change in pressure was intrudueed by the use ot this damping vane. 

Fig. 4 shows a reeord made by introducing volumes from 10 e.c. up to 
50 c.e. at the rates indicated using the damped spirometer. As can be seen, 
there is no variation in depth with rate, and a plot of the excursion of the 
pointer on the spirometer against frequency at any one volume gives a straight 
line, parallel to the abscissa, up to frequencies of WO or more. 


COMPARISON OF THE KO LM E RAY ASS E RM AN X , KAHN, AND 
ROSENTHAL TESTS FOR SYPHILIS 0 


With Stkcial Reference to the Use or the Latter in* the Public 
Health Laboratory 


Albert L. Scott, M.S., Roanoke. A a. 


TN RECENT years there has been a growing tendency on the part of syphilol- 
ogists and laboratorians not to rely on a single test for the serologic diagnosis 
of syphilis. Some laboratories have replaced the time-honored AYassermann 
test with some simpler method, such as the Kahn test, but it is probably safe to 
say that most laboratories today use some modification of the AYassermann, 
cheeking the results by means of one or more of the flocculation tests. Of these 
the Kahn is probably the best known. The Kline test has more recently come 
to the fore as a simple microscopic test; it has been recommended by Kolmer 1 
as being superior to the Kahn as a cheek test. In some laboratories it is routine 
to use both macroflocculation and mieroflocculation tests to cheek the AYasser- 
mann results." The purpose of this study was to determine the applicability of 
the newer Rosenthal microscopic test for use as a check method. 

In 1929, Rosenthal 2 described a mieroflocculation method which was tech- 
nically much simpler than the Kline test in that neither serum nor antigen was 
diluted, either before or after mixing, and tabulated the results obtained by 
testing 1,066 serums by the new method and by the AYassermann test. He found 
that the new test gave more clear-cut reactions with the weakly positive and 
doubtful AVassermann serums. Since it required only a small quantity of serum 
it could also be used where only finger blood was available. In 1932, Tulipan 
and Director 3 reported the results of the AYassermann and Rosenthal tests on 
1,067 serums, mostly syphilitic. They found that the two tests agreed in 986 
instances, disagreed in 81. No disagreements were noted in individuals not 
clinically syphilitic. Of the 81 disagreements on clinically syphilitic eases the 
AYasser mann was positive and the Rosenthal negative on 17; the AYassermann 
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was negative and the Rosenthal positive on 64. The majority of tiiese disagree- 
ments occurred in tertiary cases and patients who had received treatment. 
These authors felt that the Rosenthal test tended to become positive earlier in 
the disease and to remain positive longer under treatment than the Wassermann. 
They recommended it for emergency uses, such as testing donors for trans- 
fusions, also to rule out negative serums before testing by more complicated 
methods. 

In 1933, Bunion and Duggan 4 reported tests on 1,235 serums by the Kalm 
and Kline methods; on 400 of these they also used the Hinton, Meinicke clarifica- 
tion, Sachs-Georgi and a modified Rosenthal test. On the basis of their results 
they did not recommend the Meinicke or Sachs-Georgi methods, while they felt 
that the Hinton test was inherently limited in its practicability. Concerning 
the Rosenthal test they stated: “Our brief experience with the Rosenthal test 
has led us to believe that it is a method of real value as a supplementary pro- 
cedure and that it would be especially useful in those laboratories where the 
Kahn test is done routinely, since the Kahn alcoholic extract, the only necessary 
reagent except a 2 per cent cholesterin in acetone solution, would be on hand 
at all times. The method is simple, rapid and economical. The results show 
that it is practically as sensitive as the Kline test, and no false positives were 
recorded. The reactions, however, were by no means as clear-cut as those of the 
Kline method, and in tests with normal scrums the emulsion may develop a 
diffuse granularity which one must learn by experience to disregard.” The 
modification of technic described by these authors will be detailed later. 

TECHXJC 

As devised by Rosenthal, the test was conducted as follows: Capillary 
pipettes were drawn from glass tubing, being kept together to form matched 
pairs. With one pipette 4 drops of inactivated serum were blown into the de- 
pression in a liollow-ground slide; with the other one drop of the antigen was 
added to the serum. The two were then mixed with a glass rod and, after a 
short time, examined under the low power objective. This method was used 
without significant change by Tulipan and Director. For the present study the 
modification of Burdon and Duggan was used. By this method the test is 
carried out as follow's: 

Glassware : Slides, 3 in. by 2 in. with twelve paraffin rings are substituted 
for the hollow-ground slides. The paraffin rings are made according to the 
technic for the Kline test.- 5 I have found that a piece of 22 or 24 gauge nichrome 
wire makes a more sturdy loop than the two turns of iron wire suggested by 
Kline. Slides with twelve depressions ground in would be a timesaver where 
large numbers of tests arc to be run, but for most laboratories the cost would 
probably be prohibitive. One eastern supply house quoted such slides at ap- 
proximately $2.00, each. 

Pipettes: Those used for the Wassermann or Kahn tests may be employed. 

Antigen: No. I. Kalm standard alcoholic beef heart extract (not clioles- 

terinized). 

No. II. Two per cent solution of cholesterin in chemically pure acetone. 
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RESULTS OE TK.STS 

In this series of tests we have examined 1,185 specimens of blood and 5 of 
spinal fluid. Four of the latter were negative by all three tests, the lifth gave 
a 4 plus IColmer, negative Kahn and doubtful Rosenthal. The results with the 
Rosenthal test as applied to spinal fluid arc thus seen to be rather inconclusive, 
and further study along this line would be desirable; however, these five speci- 
mens are included in Table I, with the results on the 1,185 blood specimens. 
There were 836 specimens for diagnosis; these are designated “New” in the 
table. There were 290 for the result of treatment, and 64 were unclassified in 
this respect. Some of the patients classified as new were known to have received 


Table I 


KOLMEIt 

KAHN 

KOSENTIIAL 

NKW 

TUEATKD 

u.vch. 

TOTAL 

Neg. 

Neg. 

Neg. 


11G 

-15 

727 

Pos. 

Pos. 

Pos. 

192 

•to 

9 

250 





193 

54 

MUM 

Pos. 

Neg. 

Pos. 


39 

•1 


Ncg. 

Neg. 

Pos. 


2.3 

3 


Pos. 

Nog. 

Neg. 


S 

O 


Neg. 

Pos. 

Pos. 

SHI 

11 



Ncg. 

Pos. 

Neg. 

5 

■1 



Pos. 

Pos. 

Neg. 

<i 

1 


•1 

Ac.* 

Neg. 

Pos. 

o 

3 


5 

Ac. 

Pos. 

Neg. 

o 

O 


-t 




so 

91 

9 

ISO 

Ncg. 

Ot 

Neg. 

It 



14 

Nog. 

0 

0 

.*» 

1 


G 

0 

Neg. 

Neg. 

•t 

.» 

1 

1 

5 

0 

Neg. 

Pos. 

1 



i 

Pos. 

Pos. 

0 

o 




Nog. 

Neg. 

0 

o 



2 

Pos. 

0 

0 

I 



j 

Ac. 

0 

Pos. 


2 


o 




28 

•t 

1 

33 

Total (all tests) 

S3G 

290 

G4 

1,190 


•Ac. — Antlcomplementaiy. 
tO -Test not made. 


Taiilf. II 



| KOLMER 

! KAHN' 


NO. 

i’CT. 

NO. 

PCT. 

1 NO. 


Positive 

3G4 

30.59 

2S4 

23.8G 


| 32.69 

Negative 


G7.99 

883 



GG.39 

Anticomplementary 

11 

0.92 





Not done 

6 

0.50 

23 

1.94 

li 


Total 


100.00 

1,190 


1,190 



treatment from one to twenty years previously, but their blood tests were not 
made as a check on such treatment, but rather for diagnostic purposes. 

The first division of Table I records the tests which may be considered as 
absolute agreement; the second division those in which disagreements oeeunec 
































r-i'Ul T : 


•r »•».*» l ull sVIMlIUS 


Fill 


among the time methods; and the third division those specimens on which one 
ur two ill' the tests were not done, due usually to an insufficient amount of scrum, 
breakage of tubes, etc. 

t'onsiderat ion of Tables 1 and 11 shows that the Rosenthal test is apparently 
more sensitive than either of the other two, especially in the cases of patients 
"bo have received treatment. It will also he noted that the greatest number 
of discrepancies falls in the class of treated eases. These findings are in accoid 
"ith those obtained bv Tnlipan and Director. (. ontrary to these authors and 
also to Bunion and Duggan, Table l shows a number of examples of what must 
have been false positives although several of the serums may have been from 
early eases of svphilis or from patients who had previously received treatment. 

Of the ISO disagreements noted in the second division of table I, 14/ showed 
negative Kahn tests with positives hv either one or both of the other methods. 
Of this group, 04 were included in the 7l)i specimens examined with the standard 
antigen, while 54 were part of the 484 tests made with the sensitized antigen. 
This gives percentages of 13.2 and 10.9, respectively. This reduced sensitivity 
°f the standard, antigen was also remarked by Bunion and Duggan. 

From the standpoint of practicability, it is desirable to know what per- 
centage of agreement ntav hr* e x pec ted from the tests under consideration, or 
from various combinations of them. These figures are tabulated in Tables II 
and HI. 


Taw.f. Ill 


Koliner, Katin anil Rosenthal 
Kolmer anil Koscnthal 
Kolmer anil Kalin 
Katin amt Rosenthal 


nxiciiKit 


077 

1,043 

1,021 

1,021 


rKKCKSTAOB Oi’ TOTAL 


82.1 

01.0 

85.7 

85.7 


SI MMABY AN’tl CONX'M.'HION'S 

Results are presented covering the examinations on 1,185 specimens of blood 
•st-rum and 5 spinal fluids by the Kolrner-Wassennann, Kahn, and Rosenthal 
tests. Comparisons are tabulated, giving the percentages of agreement between 
the various combinations of tests. On the basis of these results, we may con- 
clude that the Rosenthal test is an accurate, simple, and economical method, 
agreeing well with the Wassermann and Kahn tests. On these grounds it can 
he recommended as a cheek test, or as a preliminary test, to he checked later 
by other methods. It is especially applicable to the public health laboratory 
where the short time requirement, (twelve tests may he set up and read in ten 
minutes) will commend if. to most, iaboratorians. The fact that it may he per- 
formed with finger blood arid in such a short, time makes it a valuable procedure 
for use in the hospital laboratory as an emergency method, such as for testin'' 
donors for transfusions, fn this connection it is to he remembered that the 
antigen may he kept on hand and a single test set up without any bother of 
making dilutions or waste from preparing a quantity of reagent. It mav also 
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bo found, useful in the routine suggested by Tulipan and Director, that of test- 
ing first by some simple method to rule out the frank negatives, then testing 
positive and doubtful serums by other methods to confirm or disprove the pre- 
liminary findings. 

As with any study of this type, the results obtained give rise to other 
interesting problems which must be passed up in this laboratory. The question 
of whether the positive Rosenthals with negative Kolmer and Kahn reactions in 
new patients arc really false positives or whether they are incipient syphilis or 
beginning cerebrospinal syphilis, could be solved by the aid of a well-organized 
social service follow-up work. It would also be interesting to tabulate such a 
series as this one on the basis of the part of the body involved, that is, visceral, 
cerebrospinal, bone, etc. This could best be done in a large hospital center. 

The author wishes to express his appreciation to tlio following men for their criticism 
of the manuscript during its preparation: Dr. (j. D. Johnson, Dr. II. 11. Wescott, Dr. K. D. 
Graves, Dr. W. F. Manley, Dr. \V. C. Stephenson, Jr., and Dr. K. T. Iiedfield. 
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AN AUTOMATIC-PILLING INK RECORDING SYSTEM AND 
PERMANENT TYPE WATER MANOMETER* 


J. P. Quigley, Pii.D., Cleveland, Ohio 


A N INK recording system on apparatus such as the water or lnercurj 
^ manometer, signal magnet, etc., has distinct advantages over the ordinal j 
smoked paper recording method. The apparatus indicated in Fig. 1 is sturdy, 
durable, simple, and of light weight. The ink recorder and the permanent tjpe 
water manometer (Fig. 2) have been continuously used with satisfaction in 
balloon studies of gastrointestinal motility for the past two years. A manometei 
having the dimensions indicated is satisfactory for many purposes, and manom- 

•From the Department of Physiology, Western Reserve University Meilical School. 
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eters of this type, which arc exact duplicates or definite variations, can he made 
to subserve special purposes. Difficulties related to air leaks arc largely elim- 
inated, and the necessity of making replacements is decreased by the avoidance 
of most of the rubber tubing employed on ordinary manometers. 



Pig-. 2. — Permanent type water manometer. Glass tube A and brass tube B . 

brass blocks. G and II; C, tube of soft copper or lead (reaches to balloon tube Inserica 
animal) : D, brass tube sweated into II and fitted at outer end with short length ot run 
tube and clamp (employed in adjusting pressure within system) ; E, thin-walled gia^s n > 
sealed to float rod of flexible wire and light weight capillary tubing; F, brass rod swea 
into G (used witli D to support manometer). 


DEPARTMENT OF REVIEWS AND ABSTRACTS 


BomaiT A. Khahjvfk, M.D., AustiiM'.t llwrou. 


UNDtTLANT EEVER, "Brucellin,” a Possiblo Specific for, Ilutldleson, I. E., and Johnson, 
H. W. Am, J. Trop. Med. 13: -I S3, 3033. 


Ti\e authors comment upon the various pitfalls surrounding the accurate diagnosis 
of Brucella infection, emphasizing the uncertainty of blood cultures, especially in infections 
of the suis or abortus varieties, and the difficulties of accurate interpretation of agglutination 
titers. 

They lmvo developed what they consider a satisfactory procedure for the detection of 
active Brucella infection utilizing both an allergic shin reaction and a determination of the 
opsonophagocytic power of the patient's blood. 

These procedures are carried out as follows: 

Dnicclla Allergic Skin- lest. -The test solution is a soluble nuelcoproteiu fraction ntadc 
from tlie three species of Brucella in 1:1,000 dilution in slightly alkaline physiologic saline. 

The test is made by injecting about 0.1 e.c. of the fluid inlracutancously in tlie upper 
anterior surface of the forearm using a 2G gauge needle. The size of tlie local reaction, which 
is characterized by a circumscribed erythema and edema, may vary from 1 to 2 inches in 
diameter and appears within from four to forty-eight hours after injection. It may persist 
for from forty-eight to nhiety-si.v hours. There is invariably no necrosis or sloughing of tho 
tissue at tlie point of the local reaction. In the infected, the local reaction may be ac- 
companied by a more marked manifestation of symptoms. Those that are hypersensitive 
will show a severe systemic reaction along with the local reaction. Those that lmvc not been 
sensitized to Brucella and who are probably susceptible to infection show no local or systemic 
reaction. Ono often sees in certain individuals an erythema, about % to 1 inch in diameter 
witb no edema around tlie point of tlie injection. It lias tho appearance of a nonspecific 
reaction. 1 


Determination of Opsonophagocytic Foxvcr of Blood.— (See abstract published in June 
issue, page 1024; Huddleson, Johnson, and Hamann, “A Study of the Opsonocytophagic 
tower of the Blood and Allergic Skin Iteaclion in Brucella Infection.") This is a modifica- 
tion of tlie Leislnuan-Ycitcli teclinic and consists in mixing equal quantities of' a citrated 
(0.8 per cent sodium citrate) fresli blood and a heavy bacterial suspension of living organ 
isms m a small Wassermann tube, incubating at 37° C, for thirty minutes, and subsequently 
making spreads and staining with Hastings' stain. The addition of a cftnite l i 
sodium citrate prevents clotting of the blood and inhibits the action of Brueell 
ivlucli are present in the scrum of many normal individuals. ‘ opsonjns 

This paper is particularly concerned with a report of the tknnmnv ,, , . 

» P~a».t developed b, , vMe „ LT?? “ «“»'« 

for the treatment of nndulant fever. ^ ^ ^ prove a specific 

This agent is prepared by growing each of tlie three species of B , „ n ■ 
flasks of beef liver infusion broth, adjusted to a P„ of G.G L si ° g SCparate 

inoculated flasks arc shaken vigorously at weekly intervals At h 3? ° Tlle 

growing period, each flask is examined bacteriologically and if f n „ H,C stafotI 

carded. The broth is clarified by centrifugation at a speed' of fnnn C ° ntalninatcd ’ » 

The clear liquid is decanted and adjusted to a P„ of 7 with W/i **' m' f ° Ur Il0urs ’ 
each of the three species is now pooled and filtered twice through stpr ;i ' „ P * oduet lrom 
ho filtered liquid is transferred to sterile flasks or tubes and iiw n ® er j icf ela N floors. 

T 2 “ It is standardised and t Z,“rJT7 , " “ 

Stored m larger containers until ready for use. The duration v w ^ 1 C-C> vials or 
fully determined. of Jts Potency ha s not been 
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When a certain diagnosis of nndulant fever lias been made, an intradermal injection 
of about 0.05 to 0.1 c.c. of “Brucellin” should first be given to determine the sensitiveness 
of the patient to this material. If no marked systemic reaction is elicited within forty- 
eight hours after the intradermal injection, one may give 1 c.c. intramuscularly. This dose 
should be repeated at intervals of three days until four injections are given. The intra- 
muscular injections usually cause a local reaction and the temperature of the patient to rise 
to 104 or 105° F. About one to three hours after the temperature reaches its highest point, 
it begins to fall by steps or may rapidly drop to near normal. There is as a rule an increase 
in the severity of the symptoms, such as headache, muscular pains, chills, and sweating. The 
increase in the severity of the symptoms usually does not persist for more than twenty-four 
hours. The temperatures of patients treated within the fourth week after the onset tend 
to return to normal or subnormal after the second injection. 

If the systemic reaction from the intradermal injection is quite severe, it is advisable 
to start the intramuscular injections with 0.1 or 0.2 c.c. If there is no severe systemic re- 
action following the intramuscular injection of the smaller amount, the succeeding dose at 
the end of the throe days may be doubled. Each dose thereafter may be doubled, providing 
the systemic reaction is not severe, until 1 c.c. is reached. Three successive 1 c.c. injections 
may then be given. Certain individuals show very little systemic reaction to 1 c.c. amounts 
of “Brucellin.” Such patients do not respond to treatment until after the dose is increased 
to 3 or 5 c.c. amounts. 

In case children are treated with “Brucellin,” the beginning dose should be 0.2 c.c. 
If the reaction which follows is not severe, each succeeding dose at throe-flay intervals may 
be doubled until 1 c.e. is reached. Three successive 1 c.c. injections may then he given. 

The ambulatory or chronic type of case of long standing does not respond as readily 
to four 1 c.c. injections of “Brucellin” as those of three months’ duration and less. It may 
he necessary to gradually increase the dose to 5 c.c. by 1 c.e. steps in order to effect recovery 
in eases of long standing. Several cases, however, of from eight to twelve months’ duration 
have responded very readily to four injections of “Brucellin.” The response to treatment 
made by infected infants and children, including those in which the disease has assumed 
the meningeal form, is very striking. 

One should not try to avoid systemic reactions from injections of this material. It is 
necessary to produce two or three systemic reactions in order to bring about recovery. 

If it is possible, one should determine the opsonocytophagic activity of whole citrated 
blood for Brucella after the fourth injection as it has been observed that the phagocytic 
activity of the blood for Brucella is one of the surest criteria of complete recovery from in- 
fection. In the absence of such a test one must be guided in determining recovery by the 
disappearance of the clinical manifestations of the disease, by the appearance of a subnormal 
temperature, change in mental attitude of the patient and marked increase in the appetite. 

Because of the danger of severe systemic reactions as a result of sensitization, it is es- 
sential that “Brucellin” be used only for active cases and never injected into a recovered pa- 
tient. The necessity for accurate distinction between a recovered patient — recognized bi 
the presence of agglutinins, for example — and an active infection is obvious and cannot be 
overemphasized. 

“Brucellin” has been used in the treatment of SO cases with excellent results. 


SWIMMING POOLS, Some Factors Involved in the Use of Chloramines for the Disin- 
fection of, Fletcher, A. H., and Link, E. C. Am. ,T. Pub. Health 23: 1255, 1033. 

The decided advantage in the use of chloramines for disinfection of swimming pools 
having a slow rate of recirculation, poor spacing of inlets, hand application of chlorine, or 
those operated as fill-and-draw pools, and especially when the pool is out of doors, has 
prompted its use for another season. 

The use of chloramines instead of chlorine alone requires certain extra tests and con 
trol to guard against its limitations. Some of these are: (a) the requirement of higher 
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residuals, that is from 0.7 to l O') ,,f rn,io of 1,mmo " i,, ,0 

and of till! froo ammonia coat out. in tlm water; (c) the control of tlm l’„ of the water 

routinely; and (d) the collection of all samples in sodium thiosulphate-treated hot ties. 

The duplicate series of tests on ordinarily collected samples and deohlorinuted collected 
samples showed a lag in the killing power of chloramines over the chlorine on B. cnli. 

A moderate excess of sodium thiosulphate when used as an anticlilor was found to have 
no disinfecting effect. 

Copper sulphate, if added every second night after closing at a dosage rate of 5 11). 
to each 100,000 gal. of water, definitely and completely controlled algae or slime growth at 
any pool where it occurred in Memphis. 

STREPTOCOCCI, Hemolytic Properties of the Mastitis, Hanson, P. A., Huckcr, G. J., and 

Snyder, M. A. Am. ,T. Pul). Health 23: 1202, 1933, 

Of 91 authentic strains of S. mastitiiUs being carried in various laboratories as typical 
streptococci associated with mastitis 50 were of the alpha and -11 of the alpha prime 
hemolytic types. 

The streptococcus commonly associated with chronic or subelinieal mastitis always pro- 
duces the alpha or alpha prime type of hemolysis on blond agar, bordering on a slight beta 
hemolysis. Strong beta hemolytic strains were not found among the cultures. Two strains 
of streptococci from mastitis were beta hemolytic, but they were found by cultural studies 
to be different from the type generally found associated with mastitis. 

A careful study of the authentic mastitis streptococci isolated from chronic cases 
reported to be beta hemolytic were found to be of the alpha prime type. This distinction is 
apparent when deep colonies are examined by a stereoscopic binocular microscope. 

Blood from sheep, ox, and horse was used with similar results. The type of blood 
did not appear to affect the type of hemolysis produced on blood plates. 

PREGNANCY, The Sex Determination Test of Dorn and Sugarman, Curphey, T. J., and 

Romer, A. S. .T. A. M. A. 101: 1080, 1933. 

From their experimental study the authors conclude: It is evident that there is no 
constant agreement whereby the changes excited in the testicle of the rabbit can be used to 
predict the sex of the unborn child. 

Using a pure bred strain of New Zealand white rabbits, they were unable to confirm 
the observations of Dorn and Sugarman as to the prediction of sex in the unborn child. 

The age of the experimental animal and the anatomic location of the testicle at the 
time of intravenous injection of urine of pregnancy apparently plays no part in the matter 
of testicular stimulation. 

There is present in the urine of pregnant women a so-called spermatogenic factor unas- 
sociated with the sex of the unborn child. 

The need exists for a further investigation as to a possible relationship between this 
spermatogenic factor and toxemic states of pregnancy. 


TUBERCULOSIS, Effect of Vaccination With BCG on Children From Tuberculous Families 

Park, W. H., Kereszturi, C., and Mishulow, L. J. A. M. A. 101: 1619, 1933 

From the results of these investigations it appears that B. C. G. is so attenuated that 
even under the most favorable conditions of artificial cultivation it is difficult to increase its 
virulence to any degree. During the past five years, the virulence of the B. C. G. vaccine was 
tested on 1G5 rabbits and 194 guinea pigs but no evidence was found of any increase in 
virulence. Twenty cultures of acid-fast bacilli that were recovered from the cold abscesses 
of seventeen children after from one to six months’ stay in the body showed no increase of 
virulence, but remained like the B. C. G. in colony morphology and were nonvirulent for 
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One culture was recovered from tlie mesentery of an orally vaccinated child six -weeks 
after vaccination. This culture showed no increased virulence and culturally was typically 
like B.C.G. 

The pathologic material that was obtained from children who were vaccinated with 
B.C.G. and died of other infections showed no evidence that B.C.G. tended to increase in 
virulence during its residence in the human body. 

On the basis of their limited experience and on the basis of publications of others, 
the authors do not think that slight primary tuberculous infection acquired by natural in- 
fection or produced by vaccination diminishes resistance against future superinfections by 
tuberculosis. 

Children of tuberculous families vaccinated orally with B. C. G. show lower mortality 
from tuberculosis than corresponding controls. 

None of the parcnterally vaccinated children died of tuberculosis, whereas the children 
who were not vaccinated and were similarly exposed showed about 3 per cent mortality from 
tuberculosis- There was no appreciable difference in the mortality of the controls who had 
negative Toentgen findings in the chest when they were first seen, whether they had negative 
or positive initial tuberculin tests. 

Tuberculin tests performed on US nonvaccinatcd children followed up since birth 
and on 205 children orally vaccinated with B. C. G. before their tenth day showed, during 
the first two years of life, from 20 to -10 per cent more positive Afantoux tests among the 
latter cases. The allergy produced by B.C.G. apparently does not usually last for more 
than two or three years. 

Comparatively few of the control children developed positive reactions to tuberculin, 
even when they were more or less exposed to open tuberculosis, i.e., 20 per cent in the first 
year and 50 per cent up to the fourth year. 

If repeated tuberculin tests arc performed through the years, a small percentage of 
the slightly or moderately positive reactions become negative. 

NEPHRITIS, Types of and Tlielr Management, Christian, H. A. .T. A. At. A. 102: 109, 

1934. 

The present study of lipoid nephrosis and the so-called “nephrotic syndrome” suggests 
that lipoid nephrosis, in adults at least, is a form of Bright’s disease. 

Tlie frequent association of lipoid nephrosis with definite glomerular nephritis, the fact 
that cases of clinically pure lipoid nephrosis may terminate in uremia from the end-stages of 
glomerular nephritis, and tlio fact that not a single enso typical of lipoid nephrosis in an 
adult has come to postmortem examination at the Mayo Clinic suggest that at least most 
cases of lipoid nephrosis represent a stage in, or an unusual type of, glomerular nephritis. 
If other cases occur, they arc extremely rare. 

The relatively high percentage of patients who have been cured of lipoid nephrosis, 
or who have shown marked and prolonged improvement, and the relatively slight evidence 
of glomerular nephritis in most instances at postmortem examination, even among patients 
who have given clinical evidence of glomerular nephritis, justify the grouping of these patients 
clinically in a separate group from that of ordinary glomerular nephritis. As long as the term 
lipoid nephrosis has been so uniformly accepted there seems to he no good reason for 
changing it. 

SERUM PROTEINS, In Diseases not Primarily Affecting the Cardiovascular System or 

Kidneys, Peters, J. P., and Eisenman, A. J. Am. J. At. Sc. 186: SOS, 1933. 

From an analysis of 109 total protein determinations from 52 individuals and of o0 
protein fractions from 34 individuals, the following limits of normal variation have been 
defined: for total protein, from G to S per cent; albumin, from 4 to 5.5 per cent; globulin, 
from 1.4 to 3 per cent. Globulin in excess of 2.5 per cent was found only in the winter 
months and may represent effects of respiratory infections which arc so prevalent in Uus 
climate at that season. 
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Total proteins lmvc been determined 512 times in 27-1 patients suffering from various 
diseases which do not. affect directly the cardiovascular or renal systems, and m 215 of these 
subjects 2 ,12 determinations of protein fraction have been made. The data have been analyzed 
from various points of view and the following conclusions have been drawn. 

The relation between edema and the estimated protein osmotic pressure is in beeping 
with the theory of Starling. 

Reductions of albumin can be connected almost invariably with malnutrition. 

Increases of globulin are found with infections, especially suppurative processes and 
ulcerative tuberculosis or syphilis; in connection with certain tumors, pnrticninriy myelomata, 
and in cirrhosis of the liver. 

The study has thrown no light on the sites of production of (lie two protein factors. 


TRICHINIASIS, Tlio Use of an Intractcrmal Test in tlio Diagnosis of, McCoy, 0. R., Miller, 

J. J., Jr., and Frledlandcr, R. D. ,T. Immunol. 21: 1, 1922. 

Of 3G persons ill with tricliiniasis (i.c., two to six weeks after infection) 25 (70 per 
cent) gave positive immediate skin reactions following intrndcrmnl injection with 0.1 c.c. of 
a 1:10,000 dilution (in terms of dry weight of powder) of a saline extract of Tricliinclla 
spiralis larvae. An additional S reacted to a 1:500 dilution of the antigen making a total 
of 33, or 92 per cent positive. 

Of 39 persons tested from three to twenty-two months after infection, 19 (-19 per cent) 
reacted to the 1:10,000 dilution and an additional 12 were positive to a 1:500 dilution, a 
total of 31 or SO per cent positive. 

Of 13 persons ill from three and one-half to seven and one-half years prior to the test, 
3 (23 per cent) were positive to the 1:10,000 dilution, and 5 more reacted to the 1:500 dilu- 
tion, a total of S or G2 per cent positive. 

One hundred and four control persons from Rochester, N. Y., showed an incidence of 
9 per cent positive with the 1:10,000 dilution and a total of 18 per cent positive with both 
the 1:10,000 and 1:500 dilutions. Forty-seven control persons from San Francisco, Calif., 
showed an incidence of only 4 per cent positive to the 1:10,000 antigen and G.5 per cent 
positive with both the 1:10,000 and 1:500 dilutions. 

Ninety-two persons from southern Louisiana infected with Trichuris irichiura showed 
an incidence of 18 per cent positive with the 1:10,000 dilution and a total of 02 per cent 
with both the 1:10,000 and 1:500 dilutions. 

From the data given in the present paper it appears fairly well established that about 
90 per cent of persons ill with tricliiniasis will give a positive skin test to the tricliinclla 
antigen provided the disease is sufficiently established. This period is apparently between 
two and three weeks after infection although in some cases a positive skin test may not 
appear until the fourth week. 

The first consideration -which complicates the interpretation of a positive tricliinella 
skin test is the possibility that a previous light infection which lias nothing to do with the 
present illness is responsible for the sensitization. This possibility is somewhat reduced by the 
fact that there seems to he a tendency to lose sensitivity over a period of years following 
infection. 

Another consideration which must he thought of in the interpretation of a positive 
tricliinclla skin test is the possibility that the reaction is a Group I due to infection with 
Trichuris trichiura. The data show that most of these group reactions occurred with tlio 
1:500 dilution of the antigen, hut that a few probably occurred also with the 1:10,000 dilu- 
tion. From the series of control tests performed, the authors are of the opinion that worm 
infections, other than trichuris, allergic disturbances, or other ordinary diseases are not an 
appreciable factor in causing group reactions to the 1:10,000 dilution of the tricliinella 
antigen. It is possible, however, that in isolated instances group reactions may occur. In 
such cases it would probably be advisable to perform control tests with other proteins 

From a practical standpoint the trichinolla shin test cannot he considered a certain 
diagnostic test. It appears that a negative test will probably prove more useful in ruling 
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out the diagnosis of trieliininsis than a positive one in establishing it. A positive test, how- 
ever, definitely strengthens the evidence for the diagnosis and may justify further search for 
the parasite. Positive tests obtained with antigen dilutions of 1:10,000 or higher are of more 
definite diagnostic, value than those obtained with lower dilutions. A year’s experience in 
using the skin test in hospitals where trichiniasis not infrequently occurs leads the present 
authors to the conclusion that it may be a valuable aid in the diagnosis of the disease. 

TRICHINOSIS, A New Jersey Outbreak of, With Report of a Case Complicated by Femoral 

Thrombosis, Kilduffc, R. A., Barbash, S., and Merendiro, A. G. Am. J. M. Sc. 18 6: 

704, 1930. 

A case of trichinosis complicated by femoral thrombosis is reported together with the 
particulars of an outbreak arising from the ingestion of homemade sausage and involving 
43 persons. 

TRICHINOSIS, Bachman Intradermal Test in Human, Kilduffc, R. A. Am. J. M. Se. 18G: 

S02, 1033. 

The results of the application of Bachman ’s skin test applied to 33 individuals exposed 
to trichinosis arc reported and analyzed, from this analysis the author concluded that in the 
study of human trichinosis: 

1. The demonstration of cosinophilin is not only technically simpler than the demonstra- 
tion of the skin test, but always feasible, whereas the skin test, requiring an antigen difficult 
to prepare, is feasible only when the antigen is available. 

2. In point of delicacy and constancy of appearance eosinopliilia serves as a reliable 
index of trichinosis in the human being. 

3. The Bachman skin test in the study of human trichinosis presents no practical ad- 
vantages over the demonstration of eosinopliilia. 

NEUTROPENIA, Benign and Malignant, Beck, R. C. Arch. Jut. Med. 52: 230, 1033. 

Because of its comprehensive survey of the subject this paper should be read in the 
original, as its character precludes a satisfactory abstract. The summary following indicates 
the completeness of this review, which is followed by a report of 4 cases. 

The subject of benign and malignant neutropenia has been covered, and this informa- 
tion has been compiled in more or less textbook fashion. 

Many names have been proposed for this disease entity, benign and malignant neutro- 
penia seeming to be the most appropriate. 

The two groups, benign neutropenia and malignant neutropenia, have been further sub- 
divided into primary and secondary types, depending on the etiology. A classification is 
based on this method of distinction and on the clinical course, which tends to give a mental 
picture of the types that make up this disease. 

A review of the physiology of granulopoiesis is given, since the accuracy in interpreting 
the blood picture in primary benign and malignant neutropenia is dependent on an under- 
standing of the underlying mechanism of granulopoiesis. 

A review of the theories of pathogenesis of benign and malignant neutropenia is covered, 
and a theory is formulated based on the underlying pathology and physiology of granulopoiesis. 

It is suggested that in each case of neutropenia it would be advisable to determine the etiolog) 
and underlying changes in the bone marrow. Biopsies on specimens of bone marrow in all 
cases before treatment is given would prove or disprove the theory of an endogenous disturb 
mice of chemotactic and maturation factors for granulocytes as being the cause of tins 
disease. 

The pathology of the characteristic lesions has been covered, and complete laboratory 
data given. 

Symptoms, diagnosis, differential diagnosis, and prognosis have been discussed. 
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A section is ,1 .-voted to u thi-oretient consideration of tin- treatment for this disease, 
as well as a review of all forms of treatment to lie found in tin- literature. Tim rationale 
of tlwse treatments, when possible, has been discussed. '1 he theory is advanced that n 
specific treatment for malignant neutropenia involves an investigation of the chemical matura- 
tion factors which determine tin- granulocytes. 

SILICOSIS, The Pathology of So-Called Acute, Gardner, L. U. Am. .T. I’ub. Health 23: 

1240, 1033. 

A histologic study of to eases of so-called “acute” silicosis has been reported. This 
was based upon examination of the lung tissues of 9 tunnel workers exposed for from nine 
to thirteen months, 3 sand blasters, for twelve to seventeen months, and 3 sand pulver- 
izers on whom satisfactory histories of exposure were not obtained. Chemical analysis demon- 
strated that their lungs contained as much Riliea ns those of South African gold miners em- 
ployed for long periods. Their alleged occupational exposures did not exceed seventeen 
months, a contention which is supported by the early age of the group as a whole. These men 
died of infection from nine to twenty-one months after ceasing work. In 11 of them the 
infection was considered to lie definitely tuberculous, and in 2 others it was probably so. Tim 
other 2 had unresolved pneumonias. All hut 1 of them, a tunnel man for thirteen months, 
presented microscopic lesions characteristic of silicosis, but in no case was the disease suffi- 
ciently far advanced to be diagnosed on gross examination of the fixed tissues. The char- 
acter and distribution of the changes did not resemble that usually seen in silicosis among 
miners and others who have died after prolonged exposures. This silicosis was characterized: 
(1) by masses of small nodules embedded in broad sheets of fibrous tissue surrounding the 
pulmonary lymphatics instead of isolated conglomerate nodules along the trunks and in the 
pulmonary parenchyma; (2) by a generalized fibrous thickening of the alveolar walls, which 
is generally considered to be a late manifestation; and (3) by the absence or only slight 
involvement of the mediastinal lymph nodes which are usually replaced by fibrosis before 
extensive changes appear in the lung. These differences were interpreted as due to the in- 
halation of such excessive amounts of fine dust that little of it could be eliminated by the 
lymphatics. In most cases the tuberculous complication was so acute that it probably 
developed after the reaction to tlic dust was well established, and thus failed to influence 
the picture greatly. 

Tho acuteness of the infection was explained by the fact that the majority of the 
men were young negroes with presumably little immunity to tuberculosis. Although there 
is histologic evidence of silicosis, atypical in character, it seems doubtful whether there is 
justification for describing the process as “acute.” At least this should only be done after 
serial roentgenograms together with postmortem examinations have demonstrated the outcome 
of the allegedly heavy exposures to silica. The difficulty in properly evaluating the element 
of infection in the tissues suggests the need for caution in tho interpretation of roentgeno- 
grams. 


SILICOSIS, Silica Content of Lungs of a Group of Tunnel Workers, Smith, C. S. and 
Wikoff, H. Am. J. Pub. Health 23: 1250, 1933. 

The lungs of 9 workmen engaged in the, same tunnel project have been analyzed. 

There is a striking correlation between the per cent SiO, in the dried lung substance and 
the severity of silicosis as determined histologically. c 

The per cent SiO, in the dried lung substance is a better criterion of the intensity of 
silicosis than is the per cent of silica in the total ash. J 


BLOOD, Is Halometry Reliable? Chaudhuri, H. P. Indian J. M. Research 21: 315, 1933 

From an extensive statistical and comparative study, it is concluded that the halometric 
determination of the size of erythrocytes furnishes reliable data. 


REVIEWS 


Books and Monographs for Review should he sent direct to the Editor, 
Dr. Warren T. Vaughan, Professional Building, Richmond, Va. 


An Outline of Immunity* 

A S THE author pertinently remarks in his Preface, there is probably no subject in a less 
** satisfactory position than that, labeled “Immunity. ” “A hybrid creature, not quite sure 
of its true affiliations; wandering uneasily between the Departments of Pathology, Bac- 
teriology, and nvgicnc; at times attempting to set up a house all by itself; a vigorous infant 
among the sciences, just rising fifty years, like most young and vigorous things, it is a 
little uncertain in its movements, a little confused in its mind, and at times more than a 
little incoherent in its speech.” 

Pew who are familiar with the many, and at times not a little startling developments 
in the field of immunity within comparatively recent times, will deny the aptness of Professor 
Toplcy's characterization of his subject. That he has been able to present as clear and as 
comprehensive a survey of so complicated a subject as he has given in the present volume 
is a matter upon which the medical profession may well congratulate him and itself. 

This is a book which should prove of inestimable value not only to the student and 
laboratory worker, but to the physician at large who, obliged almost daily to utilize the 
phenomena of immunity in the treatment and prophylaxis of disease, is obliged also to do so 
often without clear apprehension of the principles involved and their practical application. 

In the twenty-one chapters of this volume the present concepts of immunity are rc 
viewed, summarized, and correlated in a comprehensive and authoritative vaj. The book, 
far from being abstruse and concerned with hypothesis, is eminently practical in its outlook 
and consistently concerned with the practical aspects of immunity as related to the prophylaxis 
and treatment of disease. 

An excellent feature is the succinct yet clear summary at the end of each clinp c 
which, together with the excellent index, renders the contents of the volume rcadilj acce.si 

This book may be highly recommended as serving a useful purpose and as presen mg 
a highly practical survey of an important and complicated subject. 


Coccidia and Ooccidiosisf 


C OCCIDIA, in their relation to disease in animals and man, have attracted attention m 
many and diverse fields as witnessed by the numerous papers concerning coccidiosis 
which have appeared in journals of various types. _ 

This field, however, is a highly specialized one, the literature of which is so wide y 
scattered as to be almost inaccessible to even the specialist with good library facilities. 

This monograph, therefore, serves a most useful purpose in bringing together un or 
one cover descriptions and illustrations of the different coccidia found in various hosts an 
presents, in addition, the results of investigations in the study of “liost-parasite-re a ion 

ships. ’ ’ 


•An Outline of Immunity. B.v TV. TV. C. Touley, Professor of and bn'minol- 

ogy. University of London. Cloth, on. «!>. 37 figures, 03 tables. TT illmm TT ood A L 

more. ^ Coccidiosis of Domesticated, Gram, and laboratory . ciotli^PP- 

Bv Blew R. Beclcer. D.Sc.. Associate Professor of Protozoology Iona State College. 

147. 23 figures. Collegiate Press, Ames, Iowa. 
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Throughout, the honk much attention has boon paid to disoussimin of those phases of 
I’oeehliosis which have born the subject of misooneoption in tin* past, such ns host-specificity, 
the lint lire of species, tin* relntionsliip to disease, immunity, methods of reducing infection, 
anil the tolorsuwe of the oocysts. 

There are munermis illustrations and an appendix on technic together with an extensive 
bibliographic index and a general index render the contents of the hook readily accessible. 

To tlio biologist, tin* pntliolopist, the practitioner, and tin; breeder, this hook should 
he of interest and value as correlating in n systematic, manner the present, information avail- 
aide concerning a subject about which there has been much confusion in the past. 


Recent Advances in Vaccine and Serum Therapy* 

r T~TlE purpose of this book is to survey the present state of knowledge regarding the cm- 
A ployment of vaccines and sera in the prevention and treatment of disease. 

Few will deny that there has been and still is more or less clinienl confusion in this 
field and the present volume is, therefore, not only timely but fills, as well, a place long 
empty in the physician’s reference library. 

The book is divided into two parts. Fart I, written by Dr. Petrie, is concerned with 
the prevention and treatment of disease by means of sera and with the specific prophylaxis 
and treatment of virus diseases in man and animals. 

Part II, written by Professor Fleming, surveys (he prevention and treatment of disease 
by means of vaccines. 

An extraordinary amount of work lias been done in both these fields, and the physician, 
laboratory worker, and student here finds it admirably surveyed and correlated. 

The authors have not been satisfied merely to list or abstract the numerous investiga- 
tions which have influenced present concepts in these fields, but present them in the light of 
their own experience, as a coherent and authoritative story, well conceived and well written. 

The list of references presented at the end of each chapter evidences a careful and 
painstaking review of the literature and the extensive subject index as well as a complete 
and separate author index render the contents of the book readily accessible. 

This volume should be on the reference shelf of every worker interested in this field and 
may be classed as indispensable for tlio physician who desires to utilize either sera or vaccines 
in an intelligent manner. 

It may confidently be accepted as a valuable as well as highly practical reference work 
in this important field and recommended without reserve to the practicing physician. 


Manual of Determinative Bacteriologyf 

"pIIE Manual of Determinative Bacteriology sponsored by the Society of American Bac- 
teriologists and edited by Dr. Bcrgoy has long been indispensable to clinical and bac- 
teriologic laboratories and requires neither introduction nor labored comment. 

This new fourth edition is enlarged by nearly 100 pages by amplification in the 
description of species and by the addition of about 50 species and one new genus. 

Despite tlie thorough revision and the increased size of the book the price is unchanged. 
Were it twice as much the book would still be invaluable. 


t> . 'Recent Advances in Vaccine and Serum Therapy. By Alexander _ . 

®W-terlol°fp-, University of London, and G. F. Petrie. Bacteriologistdn-Clmrsm Serum 1 Sr 
PhUade^tVa"^ 1 "’ Elstree ’ C ' ot "' DP ’ 4 ° 3 ' 5 Orations. S P. Blakfstont^Son aml' co ; 


o£ Determinative Bacteriology. By David H. Bereev 
edition. Williams K Wilkins Co., Baltimore, Md. b 5 ‘ 


Cloth, pp. G64. Fourth 
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Practical Methods in Biochemistry® 

AY/HILE intended primarily for medical students this manual should also prove useful 
vv to the physician, not only as a technical manual, but also as a work of reference con- 
cerning the principles and methods of biochemistry which now occupy so prominent a place 
in the practice of medicine. 

The style is clear, simple, and easily understandable and the volume may be recom- 
mended as a comprehensive and reliable guide. 


A Textbook of Bacteriology! 

PEW textbooks of bacteriology have attained a more lasting or more deserved popularity 
than that of lliss and Zinsser, the new seventh edition of which, prepared by Zinsser and 
Bayne- J ones and dedicated to the memory of Dr. Hiss, now makes its appearance. 

So familiar is this excellent text as a comprehensive and authoritative presentation of 
this subject that little need be said by way of introduction. 

While extensively revised and in many ways rewritten, the original purpose of the 
book lias been maintained, to present not only a treatise on the fundamental laws and technic 
of bacteriology, as illustrated by their application to the study of pathogenic bacteria, but 
also to serve as a manual of infectious diseases. 

The scope of the work is indicated by the titles of the nine main sections into which 
it is divided: Part I, The General Biology of Bacteria and the General Methods of Bac- 
teriology; IT, Infection and Immunity; III, Pathogenic Microorganisms; IV, The Rikettsia 
Diseases; V, The Spirochetes; VI, Medical Mycology: Molds, Yeasts, Actinomyectes, and 
Pathogenic Fungi; VII, Diseases Caused by Ultramicroscopic Viruses, the Exanthemata, and 
Diseases of Uncertain Etiology; VIII, Outline of Diagnostic Methods of Medical Protozoology; 
IX, Technical Methods of Bacteriology, Immunology, and Serology. 

The revision has been thorough and extensive and embodies consideration of all the 
many and marked advances which have been mnde within the last ten years in the field of 
bacteriology and immunology and includes a discussion of the contributions made in 1933 and 
the early part of 1934. 

As before, the book constitutes an outstanding contribution in this field and one without 
which no reference library can be complete. 

It can be enthusiastically recommended without reserve and, without doubt, will receive 
the same general approval as its predecessors. 


•Practical Methods in Bacteriology. By F. C. Koch, Professor of Physiological Chem 
istry. University of Chicago, Cloth, pp. 2S2. 17 figures. William Wood & Co., Baltimore. 

tA Textbook of Bacteriology. By Hanz Zinsser, M. D., Professor of Bacteriology a”* * 

limnology. Harvard University: end Stanhope Buyne-Jones. M.D., Professor of -Baci » 
Yale University Medical School. Ed. 7, cloth, pp. 122C, 174 illustrations. D. Appleton-Cenui 
Co., New York. 
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EDITORIALS 


Barnacles 

TTUMAN psychology perhaps to some extent may be reflected in its prov- 
a erbs so that the time-worn sayings concerning the silver lining and the 
ill wind that, despite’ itself, blows some one some good all may justify the dictum 
that “hope springs eternal in the human breast." 

Certain it is that not infrequently in the history of civilization great 
catastrophes, extraordinary plagues and similar events, regarded at the time 
as crushing and devastating blows to fortune, have been instead the starting 
points for tremendous advances and discoveries and have initiated a cycle of 
events productive of far-reacliing benefits to humanity. 

If history, as it is reputed to do, again repeats itself, perhaps the de- 
pression into which the world at large has been plunged for some years past 
and from which it shows faint but indubitable signs of beginning to emerge 
may in its turn be productive of direct and indirect benefits. 
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It was inevitable under the circumstances that the social -world should, in 
the face of its apparent, collapse, take stock of the mechanism which holds it 
together and, as it. were, makes it. go; and very naturally medicine, in which 
term is included all that has to do with the management and control of dis- 
ease and its congeners, has not. escaped a critical glance. 

Community responsibility for the care of the sick is an essential part of 
the development of civilization, for the discharge of which a huge structure has 
developed, ranking in importance, not only because of its essential necessity 
but also because of its economic magnitude and ramifications, with any of all 
those of which modern civilization can boast. 

Hospitals are an integral part of this structure and, although not com- 
monly regarded as “Big Business,” properly belong in this category; for the 
seven thousand hospitals in the United States in round figures represent a 
capital investment of more than three billions of dollars, a capital sum ex- 
ceeded by but few of the great industries. 

It is entirely probable that there is little general appreciation of the fact 
that the average one hundred bed hospital represents an average capital in- 
vestment of one million dollars and that the average investment per bed in ac- 
cordance with the size and type of hospital, for acute or chronic diseases or 
including research facilities, varies from $2,500 to more than $10,000. 

On the basis of the investment involved hospitals must be regarded as a 
business, “Big Business,” the business of medical care, and the fact that this 
business ship within recent years has been laboring rather heavily in a heavy, 
stormy economic sea, as it were, has focussed attention upon this structure 
and the proposal by many individuals and groups of various measures to allay 
the storm and set. the vessel once more on an even keel. 

Oceans of ink have already been spilled in the discussion of what has 
popularly become familiar as “the cost of medical care” and the end of the 
avalanche of words and windy dispute is far from near, nor will it he found 
herein, for the subject is not to be dismissed within the limits of an editorial. 
Nor is any discussion here intended of the relation of hospital costs to the 
general costs of illness, important as it is. Those are matters deserving abler 
pens ; these are but casual observations. 

Above, the hospital structure with a striking lack of originality has been 
likened to a ship and a meager acquaintance with matters nautical — gathered, 
it must be confessed, from perusal of such authorities as Marryatt, the varied 
tales of Conrad, Moby Dick, and the reading (repeatedly) of Treasure Island— 
allow us to state with some confidence that, when the good ship no longer 
shows her accustomed speed but, instead, merely lumbers along, wallowing 
ungracefully, the scraping from the bottom of barnacles and accumulated 
debris was a very common custom apparently productive of the desired result. 

Can it be that hospitals in the course of time have accumulated an} 
barnacles? Can it be that this huge structure has drawn to itself by custom 
or habit any accretions not perhaps essential per se to its efficiency or existence . 

The business of hospitals, as already said, is the business of medical care 
and hence indissolubly associated with the practice of medicine and the ph}Si- 



cinn. And physicians of Into have had it, brought rather forcibly to their al- 
t out ion that to some extent., varying under different circumstances and in dif- 
ferent, localities, the practice of medicine seems to have passed or to be passing 
from the hands of the physician into the hands of the hospital. 

Now. while it, has been possible in the past, and is still possible in the 
present, to carry on the business of taking care of the sick without, the hos- 
pital, it is perhaps sometimes minimized if not overlooked that the hospital 
without, the physician is rather a helpless if not useless institution. It is con- 
ceivable that there are hospital hoards and perhaps, even superintendents to 
whom such an idea would appear preposterous, and it is not strange that this 
should he so when one pauses to consider how little, relatively speaking, the 
physician has to do with the running of hospitals. 

True, as a dispensary worker he gives untold hours of his time freely and 
without, remuneration to the care of patients, not. a few of whom arc without 
moral right or .just ifieal ion for such free treatment, and after often a lengthy 
period of service in this capacity, he graduates to the dispensing of free care 
under like circumstances in the wards, and sometimes, as at present, there 
comes some vague wonderment as to just how all this came about and whether 
or not he may not thereby he committing a sort, of slow economic hara-kiri. 

If, as is not at all beyond the bounds of possibility, the practice of medicine 
is to become a function of the social organization either permanently or tem- 
porarily until such time as the futility of such a program, despite its theoretical 
advantages, becomes evident in practice, the physician may well wonder just 
what place will be bis in relation to the hospital. 

Although the business of tlie hospital is the business of taking care of 
the sick, tlie physician is seldom indeed found directing its destiny in that 
respect, for custom seems to have decreed that hospital superintendents are 
most often graduate nurses. Just why this should be so ; what basis there is 
for assuming that the training of a nurse implies executive ability or the 
ability to supervise rather than to assist in tlie care of tlie sick, is, it must be 
confessed, somewhat difficult to ascertain. 

Yet the fact remains that perhaps a majority of hospitals of average size 
have nurses as superintendents, not infrequently directing the Board of Man- 
agers as well as the hospital and easting a supervisory eye over tl}e activities 
of the staff. And, as some cynic once remarked: Hospitals are, sometimes 
mismanaged because they are Miss managed. 

If, in his extremity, the physician turns to the field of anesthesia, cer- 
tainly an important one, properly a specialty of medicine and so largely re- 
garded in England, here, too, lie finds the nurse rather firmly ensconced. 

There is no place for him on the Board of Managers, for it is only very 
lecently that Staff representation has been granted as a favor. 

He may strongly suspect that this or that free patient is well able to pay 
for treatment and belongs in the doctor’s office rather than the dispensary, 
but the nurse or the lay social service worker has decreed otherwise and 
that’s that! ’ 
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He finds himself arraigned and accused of grave responsibility for the 
high costs of medical care, and finds it somewhat, difficult to reconcile the ac- 
cusation with the fact, that the money earmarked for payment of his bill has 
been swallowed up in payment, of the hospital’s. 

And as the economic storm rages about, him, he finds himself working for 
the hospital, carrying on the practice of medicine for it and nourishing 
thereby a host of lay personnel. Neither skipper, mate, nor even bos’n, small 
wonder that, he wonders whether it. were not better 1o be merely another 
barnacle. 

—ft. A. K. 


The Anemia of Pregnancy 

W HILE the fact that pregnancy may be accompanied by a varying degree 
of secondary anemia is more or less commonly recognized, it is only 
within recent times that, possibly as an aftermath of studies in prenatal care, 
much attention has been paid to its presence or much effort expended upon 
the determination of its degree. 

We refer, not to the severe hemolytic anemia, sometimes spoken of as 
the pernicious anemia of pregnancy, but to the definite secondary, though not 
always marked anemia which seems to be the result of pregnancy per se. 

The pernicious or hemolytic anemia of pregnancy is encountered during 
the later months of pregnancy and the puerperium. Insidious in onset, it may 
reach a marked degree without the production of marked symptoms and thus 
may escape detection until attention is drawn to it by symptoms closely re- 
sembling those seen in true pernicious anemia. 

The hemolytic anemia of pregnancy is the result of the action of a syncytial 
hemolysin arising in the ectodermal cells of the chorion. Under normal con- 
ditions as pregnancy progresses an antihemolysin is formed in the maternal 
blood but when, for any reason, its formation is inhibited, the hemolytic 
anemia of pregnancy is the result. 

Fortunately, in view of its rather high mortality, this form of anemia m 
pregnancy is rather uncommon. 

The less marked but still definite secondary anemia of pregnancy, on the 
other hand, is very common and of definite significance although often °' er ‘ 
looked when cytologic examinations of the blood are neglected ns a part of the 
prenatal survey. 

The findings of practically all observers who have reported upon this su 
ject present a remarkable conformity. 

Bland and Goldstein, 1 in a study of 50 cases, found a hemoglobin content 
ranging from 42 to 78 per cent (Dare) and erythrocyte counts of from 2.3 
to 3.98 million cells per cubic millimeter. 

In a second study of 300 cases, 100 being private cases, Bland, Goldstein 
and First, 2 found red cell counts below 3.5 million in 33.3 per cent of cases 
during the first two trimesters of pregnancy, 55.7 per cent in the third tri 
mester, and 26 per cent during labor. 
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Galloway'' in a study of 382 cases found average hemoglobin values (Sahli) 
of 73, (it), and (i(i per cent for the first . second, and third trimesters respec- 
tively, and erythrocyte counts of *1.05, 3.0*1, and 3.87 millions per cubic milli- 
meter evidencing both a chlorotic type of anemia as well as a definite progres- 
sion as the pregnancy advanced. 

Practically the same findings are reported by Kiiduffe* in 300 eases as 
shown in Table 1. 

T.un.r. T 
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It is unnecessary to cite the many oilier studies available, as all present 
comparable findings so that it may be accepted as proved that an anemia 
secondary to pregnancy per se is present in from 50 to (50 per cent of all 
cases, which shows a tendency to be somewhat chlorotic in type and a definite 
tendency to progress pari passu with the progression of the pregnancy. 

The mechanism responsible for its production has been the subject of 
much discussion, many different theories having been advanced, none of 
which, however, have been definitely proved. 

Thus, it has been attributed to hydremia producing a decreased iron 
content of the corpuscles, which would account for its chlorotic type; to 
poor hygiene or the presence of such diseases as nephritis, syphilis, and tuber- 
culosis; to the continuation of a preexisting anemia; to focal infections; and 
to the expression of an “individual disposition” in accordance with the gen- 
eral physical well-being of the individual patient. 

As stated, however, none of these conceptions has been susceptible of 
clear-cut, definite or indisputable proof. 

The possible relation of this secondary anemia of pregnancy to the pres- 
ence of the syncytial hemolysin held to be responsible for the hemolytic 
anemia mentioned above but inhibited in the case of the secondary by the 
later production of an antihemolysin is one of the oldest theories but, like 
all the others, still remains hut a theory while its occurrence in the higher 
classes of patients, usually seen as private cases, robs environment factors of 
all significance. 

Many investigators of this question assert, that the anemia spontaneously 
disappears after delivery but many others are unable to find conclusive evi- 
dence of the correctness of this contention. 

The matter still remains a problem awaiting solution, the present stifle 
of which may be thus summarized: 

1. Pregnancy, per se, produces a secondary anemia somewhat chlorotic 
m type which progresses pari passu with the progression of pregnancy 

2. No satisfactory or demonstrable etiologic mechanism has vet been 

found. J 
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3. In view of these facts, cytologic blood studies should be a part of 
routine prenatal care. 

4. All patients with a hemoglobin below 75 per cent and erythrocyte 
counts under 3.5 million should be particularly observed and therapeutic 
measures instituted immediately upon the discovery of the deficiency. It is 
advisable also that such patients be watched for several months after de- 
livery for evidence of bone marrow changes. 
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CORRESPONDENCE 


Another Simple Rotary Inoculating Table 

To the Editor: 

Whether one has many or few Petri plates to stroke, a rotary table gives very satis- 
factory results and is a great convenience. 

Quite a number of designs of such a piece of apparatus have appeared in the recent 
literature, requiring for construction the services of anyone from a blacksmith to a Swiss 
watchmaker. 

We have found that the simplest and most satisfactory method of constructing such 
a machine is to take a two dollar bill and go out and buy an old discarded portable Aictrola. 
(Since the advent of Radio, one can sometimes get two dollars for taking the machine away.) 
If the reader cannot improvise from several old records (“She Knows Her Onions'’ or “On 
the Beach at Waikiki’’ jtreferred) and some thumb tacks, a means of holding the Petri plate 
on the revolving turntable, he should not he trusted with a platinum loop. Mitli the brake 
the speed may be adjusted to suit the bacteriologist’s artistic temperament. 

We have used our machine for four or five years with utter satisfaction. 

Eric A. Fennel, AI.D. 


Honolulu, Hawaii, April 10, 1934. 
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barbital-sodium). 7.1S 

F 

Feces, a convenient specimen container, 32S 
(Abst.) 

Fermentation tubes. Smith, and "U" tubes, 
special rack for. 77,7 

Fibrinogen, quantitative determination of, in 
blood. 000 (Abst.) 

Filter, light, for microblood sugar determina- 
tions, 007 

Filterable virus diseases in man. 221 (B. Rev.) 
Filtering Index, light, of blood serum, 707 
Filtrate, sulphosallcyl'e acid — note on the de- 
termination of blood urea by direct 
nesslerizatlon of a sodium tungstate. 
7S3 


Filtration, bacterial, simplifying the mechanics 
of, 780 

Fistula, aurictiloperlcardlal. dynamic conse- 
quences of. 1001 

Flocculation test, study of Eagle antigens for 
AVnssennnnn test and. SI 
Vernes, in tuberculosis. 1107 (Abst.) 
tests for syphilis, .778 (Abst.) 

Fluid, spinal, sugar determinations In experi- 
mental hypoglycemia of dogs. 1010 

Food allergy as a common problem, .7.7 

Food-borne infections and Intoxications. 01.7 
(B. Itov.) 

Fragility test of red blood corpuscles, a drop- 
per tor performance of. 100!) 

Friedman rabbit ovulation tost In differential 
obstetric diagnosis. 103,7 
test for pregnancy, observations on (lie 
teclinlo of. 1221 

Frozen sections, preparation and staining of. 
201 

Functional studies of patients on antlarthritic 
medication, 21 

Fungicidal power of phenol derivatives, 12b! 

Fusospirochetal disease, oral spirochetes and 
related organisms in, 100 (B. ftrv.) 
etiology with small doses of neosnlvarsan, 
treatment of bronchopulmonary suppu- 
ration of, t!li 

G 


Galactose In differential diagnosis of Jaundice, 
use of. 1.711 

Gallbladder and bile ducts, bilirubin in. com 
centratlon and precipitation of. 327 
(Abst.) 

Gastric aclditv in thvrold dysfunction. Mb 
(Abst.) 

examination In pulmonary tuberculosis with 
negative sputum examination. 411 

Gastroenterology, modern aspects of. 221 (B. 
Rev.) 

Gastrointestinal tract, absorption of dextrose 
from the human. 12SU 

Genitourinary tract, penetration of an anti- 
septic dye into tissues of. demonstra- 
tion of. 737 

Glucose, given orally and IntrudiiodenallJ. 

comparison of blood sugar curves 
when. 008 , , , . 

Ingestion, blood following, variations of 
Urea, total nonprotein nitrogen, and 
chloride concentration. 474 
Glutathione content of blood In chronic arthri- 
tis and rheumatoid conditions. Ihd 
Gold test. Iginge colloidal, a modification of, 
1(107 , , 

Gonococci, cultivation of, 77 1 (Abst.) 

preparation of correct picture and simpit 
culture method of. 1130 (Abst.) . 
Gram property of acid-fast form of tubercle 
bacillus. 370 

stain of Much, modified. 422 
Granular and fioecular types of agglutination 
with B. typhosus, n study of. — > 
Granuloma Inguinale, further studies on etlol 
ogy of. 010 (Abst.) 

Granulopenia, etioloiry of, 

Growth hormone, the Inactivation of, K 
Guinea pips inoculated with B. abortu. , 

cutaneous reactions induced In, • •’ 
metabolic rate in, simple and inexpc ^ 
apparatus for determination of. a* 

Gum dammar for use as a mounting J 
Durlflcatlon of. r.2."» 


H 


Halogen phenol derivatives, homologous bac- 
tericidal anil fungicidal action of. and 
its "auasl-specific’' character. . » - ■ 
Handbuch der blolopischen ArbeUsmet 
1027 (B. Rev.) _ _ . 

dcr Chcmotherapie, 102$ iei 

Hay fever, perennial treatment of, 4si 
Heart disease, blood catalase » n » ■“*? anirnosis 
criteria for the classification and t ‘ 

of, 300 (B. Rc\ .) i nr „n branches 

embolism and thrombosis of 
of pulmonary artery In. 
stroke volume of. determination • ' t | C ter- 
Hemoplobin and blood cell relation- 1 ' ap acity 
mined by iron and ox>^n w 
methods. $80 
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Homo ul obi n, C*)ntM 

content of blood In infants, 107 (AM.) 
clinical sludv of blood Iron and. 2t«l2 
doti*i mlnatlon of, by iron content method, 
40(1 

in the adolescent male, a study of the red 
Wood cell count and. 1712 
normal erythrocyte and packed ^cell volume 
standards In young men, S51 
production of, erythrocytes and reticulocytes 
in anemia, PI >7 (Abst.) 
relation of blood glutathione to, and amount 
of red cells, 395 

Hemogram, lymphocytic, a study of, 339 
(Abst.) 

Hemolysin, antlslieep, production of. a new 
method for, tHUl , 

Hemolytic properties of streptococci mastitis. 
1317 (Abst.) 

streptococci Isolated from hemorrhagic 
smallpox, studies on. 2SU 
Hemorrhagic smallpox, hemolytic streptococci 
Isolated from, studies on, list) 

Hepatic function, levulose and galactose toler- 
ance tests for, clinical values of, *1 12 
(Abst.) 

Hill's radiopaque mass for the injection of 
lumina, a mollification of. 11211 
Hlstocbemlcnl studies of organs of tumor- 
bearing rats by the mlcrolnclneratlon 
method 32921 

Hlstopatbology of the peripheral and central 
nervous systems. 2120 (11. Hew) 
Hodgkin’s disease, a probable unusual case of, 
r.25 

Hormone diagnosis of viability of pregnancy, 
07-1 (Abst.) 

growth, the inactivation of. <521. 1 01 
Hormones, sex. some pitfalls in the study of, 
Alii (13) 

Hospital routine, demonstration of tubercle 
bacilli for use in, an evaluation of 
three methods for, 420 

Hospitals attained a standard of mediocrity, 
have. 121V! (E) 

Human body, measurement of potentials on, 
an improved electrode for, 12214 
mind, a view of, and how it works. 220 
(B. Rev.) 

Hydatidiform mole, differentiation of preg- 
nancy and, 21(1 (Abst.) 

Hydrogen ion concentration, determination of, 
of normal and malignant tissues with 
the glass electrode and vacuum tube 
null indicator. 1100 

peroxide, use of, in quantitative estimation 
of bilirubin in bile. 7421 
Hydrolyzed adrenalin as a tissue stain, on the 
importance of, 034 

Hyperglycemia, hypertension, obesity and, 441 
tt (Abst.) 

t T »>22 ( R ) 

follow-up study of 30 
i fAbst.) 

Hyperpyrexia, effect of, upon phosphorus par- 
tition of whole blood in paresis, 1043 
Hypersensitivity to tobacco, recent immuno- 
logic studies in, 793 (Abst.) 
Hypertension, obesity and hyperglycemia, 441 
(Abst.) 

Hyperthyroidism, blood studies in. 371 
Hypoglycemia of dogs, spinal fluid sugar de- 
terminations in experimental, 1049 


Imbalance, autonomic, in animals, 1184 
Immune blood, pathogenic bacteria in, growth 
„ of, 77 

Immunity, an outline of, 3332 (B. Rev.) 
Immunization, typhoid and paratyphoid, ag- 
glutinin content of blood following, 445 
_ (Abst.) 

incubation, maintaining water and air balance 
during prolonged. S99 

Incubator, an improvised bacteriologic. 109S 
Infants, acute enteritis in, and young children, 
124S (Abst.) 

pneumonia in newborn and stillborn. 1141 
T (Abst.) 

Infection, oral, blood picture in, 1079 
Influenza, with special reference to part played 
by Pfeiffer's bacillus, streptococci, 
pneumonococci, and the virus theorv 
3020 (B. Rev.) 


Inguinal glands in human syphilis, transfer- 
ence of, 1219 (Abst.) 

Inoculating table, another simple rotary, 3300 
(Correspondence) 
simple rotary, 008 

Insulin, gauging the dose of. 11721 
resistance in diabetes, 3021 (Abst.) 

Intestinal flora during oral administration, a 
study of, 4 OS 

parasites, relative incidence of. In hospital 
patients in Nashville and in rural 
Tennessee, 3121 

Intoxications, food-borne Infections and. (M3 
(B. Rev.) 

Intracellular structures in monoe.vtes in cases 
of malignant disease, 917 

Intracutaneous reactions Induced In guinea 
pigs Inoculated with II. abortus, 589 

Intrnderma! lest, Itachman, In human trichino- 
sis, 1.350 (Abst.) 

In diagnosis of liichiniusis, use of, 3349 
(Abst.) 

Intravenous administration, continuous, of 
fluid, a practical method for, 70S 
lethal doses of amyta! in dog and rabbit 
and table of animal dosages compiled 
from literature, 1391 

vaccination with streptococci, 90S (Abst.) 

Iodine content, normal, of human blood, SIS 
improved mlcromelhod for estimating, 557 
(Abst.) 

studies, blood, 81S, 890 

Iron and oxygen capacity methods, hemo- 
globin and blood cell relations as de- 
termined by, SS<! 

content method, determination of hemo- 
globin by, 400 


J 


Jaundice, catarrhal. 
(Abst.) 

differential diagnosl 
3333 


liver function In, 791 
s, use of galactose in. 


3v 


Kahn and Wassermnnn reactions upon spinal 
fluid In treated and untreated cases of 
paresis, a comparison of, 540 
Kolmer-Wassermann, and Rosenthal tests 
for syphilis, comparison of, 332(7 
reaction in tropics, Kolmev and Meinlcke, 


Kidney, renal function in persons with one. 
329 (Abst.) 

Kolmer reactions in tropics, Kahn and 
Meinlcke. 780 

Kolmer-Wassermann, Kal •» » 

tests for syphilis, 

Krebs, seine Entstehung 
(B. Rev.) 

Ivrogh type of spirometer for studying the 
respiration of rabbits, a method of 
damping, 3334 

Kuttner-Lichtenstein microcolorimetric method 
for the determination of organic 
phosphorus, 1012 


Laboratory^ animate; .proved drinking foun- 

diagnosis or undulaiit fever, 1029 fE) 

Lange colloidal gold test, a modification of. 

Lavage, stomach ' — irl 

patients m> ot 

Laxative activitj . value of 

the monkey for the study of, especially 

d n rug? m i2 < ?3 mfi; tIlfferent samples of the 

Lead, behavior of, in animal organism 17S 
poisoning of wild ducks, a study of puSctate 

4 

..) 

12130 (Abst.) 
tuberculosis, 

. . , (Abst.) 

reaction to 
st.) 

ual form of. 


Leucope 


314 

Light flit er for microblood sugar determim- 
tions, a simple. GOT "cieimma- 

flitenng index of bliod serum. 705 
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Lipoid content of blood, observations upon tbe 
Lipokrit method for the determination 
of, 411 

Lipokrit method, observations upon, for the 
determination of the lipoid content of 
blood. 111 

Liver function, an appraisal of the modified 
dextrose tolerance tests, 1(13 (Abst.) 
galactose tolerance as a measure of. 217 
(Abst.) 

in advanced pulmonary tuberculosis, 701 
in catarrhal jaundice. 701 (Abst.) 
urinary test as index of absorption of 
gallbladder dye when given orally, 210 
(Abst.) 

macrocytic anemia in disease of. 1022 (Abst.) 
silver nitrate reaction and its applicability 
to diagnosis of diseases of, 903 (Abst.) 

Local anesthetics, detection of. In urine and 
in tissues, Diazo reaction for. 101S 
studies in the pharmacology of. 120 

Lobar pneumonia, epidemiology of. 111.'! 
(Abst.) 

relation of pneumococcus chain formation 
to prognosis in, 1159 

Lumina, Hill's radiopaque mass for Injection 
of. a modification of. 1241 

Lung, primary carcinoma of. (170 (Abst.) 

Lungs, silica content of. of a group of tunnel 
workers, 1(1.11 (Abst.) 


M 


Macrocvtic anemia in disease of liver, 3022 
(Abst.) 

Macropolycyto, 1 52 

Maggot production and research, recent ap- 
paratus and methods In. 2,20 

Maggots, sterile, for surgical use. effects of 
low temperature retardation In culture 
of. c.srt 

surgical, in treatment of infected wounds. 
.730 


pyogenic bacteria in alimentary tract of. 
implanted in infected wounds, destruc- 
tion of, 5S1 

Malaria, method of making slide smears from 
female anopheles. 559 (Abst.) 
new antigen for Henry's reaction. 1023 
(Abst.) 

vital staining of mitochondria in. OOo (Abst.) 

Malignant disease, monocytes in cases of. in- 
tracellular structures In. 017 

Manometer, permanent type water, an auto- 
matic-filling ink recording system and. 


1342 


Media, bacterial culture, an adaptation of sand 
filtration to rapid clearing of heavy, 
105 

Medical dictionary. Stcdman’s. 302S (B. Rev.) 
secretary, 110 (B. Rev.) 

Medicine, clinical, a system of, 012 (B. Rev.) 
of the American Indian. 1 
preventive, outline of. 100 (B. Rev.) 

Mediocrity, standard of, have hospitals at- 
tained. 1231 (E) 

Meinicke reactions In tropics. Kolmer and 
Kahn. 7S0 

Meningitis, lactic acid of spinal fluid in, 210 
(Abst.) 

pneumococcic, report of a case of, with re- 
covery following cisternal drainage. 
1130 (Abst.) 

Meningococci, rough and smooth variants In 
stock cultures of. 21S (Abst.) 
variation in agglutination of stock cultures 
of. 21S (Abst.) 

Menstrual cycle, variations of solubility of 
cervical mucus In relation to, .'15S 

Metabolic rate in guinea pigs, a simple and 
Inexpensive apparatus for determina- 
tion of. 540 

Metabolism, alpha dinitrophenol and Its in- 
fluence upon, 12S0 
basal, of old people, 1073 
cage for rats. 000 
small animal, 1135 

calcium and calcium therapy, 100 (B. Rev.) 
nitrogen, 923 

Metallic compounds, effect of various colloidal 
and crvstalloidal, in nutritional anemia 
of rat, 10S3 

mechanics of spleen visualization by means 
of, in particular thorium. 511 


Metaplastic changes In the prostate gland. 301 
Metastatic tumor of tricuspid valve arising in 
a case or malignant teratoma of testis 
749 

Methylene blue as an antidote for anllin dye 
poisoning, 10(1 

Metycalne, comparison of. with cocaine and 
,,, procaine on experimental animals, 120 
Microblood sugar determinations, a simple 
light filter for, 007 

Mlcrocolorimetrlc method, Kuttner-Lichten- 
stein, for the determination of organic 
phosphorus, note on the procedure In, 
1012 

Microincineration method, histociicmlcal studies 
of organs of tumor-bearing rats by, 
3293 

MIcro-KJoldahl digestion process, a simple 
device to be used in connection with, 
072 

Micromethod for estimating iodine, 557 (Abst.) 
for quantitative estimation of blood proteins. 
555 (Abst.) 

Microscope adapter for hand spectroscope, a 
new, 755 

objective, using a "dry," on uncovered ob- 
jects, 910 (Abst.) 

Microtltrations, simple reservoir buret for 
making. S97 

Microtome knives, a simple automatic sharp- 
ener for, 399 

Milk, brom-thymol-bluc reaction In freshly 
drawn, a study of, 439 (Abst.) 
examination of, for members of Excherlclila- 
Aerobacter group, 1143 (Abst.) 
preservation of. for streptococcus and abortus 
examination, 995 (Abst.) 
use of glycerol as a preservative for speci- 
mens to be examined for hemolytic 
streptococci, 101 (Abst.) 

Mineral water, experiments In use of, in man- 
agement of diabetes mcllitus, 10SS 
Molds, air-borne, 311 (K) 

Moniliasis of tbe biliary tract. .779 
Monocytes, intracellular structures In, In cases 
of malignant disease, 917 
Mononucleosis, infectious: a diagnostic test for. 
217 (Abst.) 

Morphine pentobarbital anesthesia for dog 
„ surgery, 202 

Morphology, cell, the study of. differential 
stain that advances, 3217 (Abst.) 

Much, modified Gram stain of, 422 
Museum Jars, electrical tool for sealing, a slm- 
pie and clllclent. 397 
Myelosis, uleucemlc, 1022 (Abst.) 
chronic. In children, 713 


A' 

Nasopharyngeal flora and some remarks as to 
tlieir relation to common colds. S77 
Nembutal, some experimental studies on. 1 3 
Neosalvarsan, treat ■ ■ ■ — f'"""""' 

suppuration ' ' 1 ■ ' ' ■ ' 

with small 1 

Nephritis, chronic and retention uremia, umu.l 
■ ' ' ■ ’ 900 (Abst.) 

inngement. 134S (Abst.) 
of. 10S (B. Rev.) 

'. .... f or u re a nitrogen in 

blood where commercial urease is em- 
ployed, a direct, 059 

of a sodium tungstate, note on determination 
of blood urea by direct — sulphosalicylic 
acid filtrate, 7S3 „. n 

Neutropenia, benign and malignant. loM 

Neutrophil in pernicious anemia. 331 (Abst.) 
Newborn, sedimentation reaction in, 944 
News item, 221 
Nitrogen, metabolism. 923 

total nonprotein, and chloride concentra ion 
In blood following glucose ingestion. 

variations of urea, -L4 , 

Normalc und pathologische Physiologic u 
Milz, 911 (B. Rev.) 


besity, hypertension, anti fiypergfyce/rii.?. 441 

collision, coronary, and sudden death. lr £- f 
leic acid on choleresfs,_ combined effect- 
bile salts and, 597 
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rmermn-cvionluiKlc iwxvcr of blood and allergic 
1 «kln reaction In brucella Infection, n 
.study of, 101! I (Abst.) 

Oral Infection, blood picture In, 10.0 
Organic phosphorus, determination of. Kut- 
t n c r - 'Lichtenstein mlcrocolovlmeti lc 
method for, note on the procedure In, 
1012 , . , . 
Organs of tumor-be; : ■ . . 

studies of, by 
1293 

Otto test for strychnine, a study of, 10 
Ovulation test, Friedman rabbit. In differen- 
tial obstetric diagnosis. 10X1 
rabbit, for pregnancy, 41a (Abst.) 

Oxvcen and Iron capacity methods, hemoglobin 
and blood cell relations as determined 
by. RSO 

therapy, observations on, 1101 


Pancreas, carcinoma of, 10.1S 
Parachlorophenol. derivatives of. Silo 
Parasites, intestinal, relative Incidence of. In 
hospital patients In rural Tennessee. 
113 

Paresis, spinal fluid In treated and untreated 
cases of, a comparison of Wnsscrmnnn 
and Kahn reactions upon. 51(1 
whole blood In, effect of hyperpyrexia upon 
phosphorus partition of, 1015 
Patch test in diagnosis of contact dermatitis, 
555 (Abst.) 

ointment. 113S (Abst.) 

Pathogenic bacteria in immune blood, growth 
of, 77 

Pathology, textbook of. 913 (B. Rev.) 

Pellagra blood, a chemical peculiarity of, 329 
(Abst.) 

review of cases with special reference to 
gastric secretions, 21S (Abst.) 
Pentobarbital anesthesia, morphine, for dog 
surgery, 202 

Pentobarbital-sodium (nembutal), some experi- 
mental studies on. 73S 
Pentosuria, studies in, 214 (Abst.) 

Peptic ulcer, blood lipase in patients with, 
1054 

mechanism of pain in, studies of. 47 
Perennial treatment of hay fever. 4S1 
Perfusion apparatus, an easily assembled, self- 
recording, S9 

Peritoneal cavity, changes in composition of 
fluids injected into, 079 (Abst.) 
infections, changes in composition of fluids 
injected into peritoneal cavity. 079 
(Abst.) 

Pernicious anemia, neutrophil in. 331 (Abst.) 
phytopharmacology of stomach washings 
in various digestive disorders and. 155 
salivary amylase in patients with, a study 
of, 504 

Pertussis, occurrence of Bordet-Gengou bacil- 
lus, 103 (Abst.) 

production of antipertussis serum of high 
titer, 101 (Abst.) 

Pharmacology of local anesthetics, studies in. 

Phenol derivatives, fungicidal power of, 1210 
Phenophthalein. laxative activity of value of 
the monkey for the study of, especially 
in comparing different samples of the 
drug, 1213 

Phosphorus and calcium, concentration of, in 
blood serum of normal children. 079 
(Abst.) 

organic, determination of, note on the pro- 
cedure in Kuttner-Lichtenstein micro- 
colorimetric method for, 1012 
partition of whole blood In paresis, effect of 
' — 1045 

in, 440 (Abst.) 
Jtgerinnungs prob- 
ittsche Bedeutung, 

, . . , . chemistry of the 

_ skin, studies of, 0.44 

_« '.*0 m:u .' n was hi n g s j n 

disorders and perni 
Pipette washing device, 94 


Pipettes, calibration of white blood cell dilu- 
tion, 95 

simple method of drying. .1-1 
Plasma bilirubin, estimation of, 1122 
cholesterol In whole blood, serum nml, ft slm- 
pUtled mterodetermlnatlon of. bXl 
proteins, effects of diathermy nnd Infection 
on, relative, plasma viscosity and sus- 
pension stability of the blood In dOKS, 

571 

viscosity, relative effects of diathermy nnd 
infection on. plasma proteins anil sus- 
pension of stability of blood In dogs, 
571 

r>, »■ organisms of, in clitl- 

■ ■ • 751 

. * " (Abst.) 

in Infants, due to 11. lnueosus-capsulatiis, iml 

in newborn and stillborn Infants, 1141 (Abst.) 
lobar epidemiology of, 1143 (Abst.) 
relation of pneumococcus chain formation 
to prognosis in, 115(1 

slgnlflcunce of newly classified types of pneu- 
mococci in disease, (174 (Abst.) 
specific serum treatment of Type I, 101 
(Abst.) 

Type 1 pneumococcus, value of skin test with 
type-specific capsular polysaccharide in 
serum treatment of, 441 (Abst.) 
Pneumococci in disease, significance of newly 
classified types of. (174 (Abst.) 
Pneumococcus chain formation. 115(1 
specific precipitation test for standardization 
of Type I nnttpncumococcus serum, 211 
(Abst.) 

Poisoning, cocaine, as influenced by diets, S75 
Polycythemia, benign familial, 500 (Abst.) 
Polymorphonuclear count In rheumatoid and 
mixed arthritis, sedimentation rate 
and, S30 

Potassium, partition of. between serum and 
corpuscles in health and disease, 033 
Potentials, electrode for measurement of. an 
improved, on the human body. 1234 
Precipitate, measurement of volume of. de- 
termination of serum protein by, 1320 
Pregnancy, anemia in, 1358 (E) 

in, etiology nnd treatment of, 1249 (Abst.) 
blood in normal, 1142 (Abst.) 

studies, of. in normal. 1248 (Abst.) 
Friedman test for, observations on the tech- 
nic of, 1224 

hormone diagnosis of viability of, 103, 074 
(Absts.) 

rabbit ovulation test for, 445 (Abst.) 
sex determination test of Dorn and Sugar- 
man, 1347 (Abst.) 
toxemias of, 923 

urea clearance test In, 077 (Abst.) 

Voge bromine tests of urine for, five hundred 
and nineteen, 153 

Preservation of biologic specimens, 774 
Preventive medicine, outline of, 109 (B Rev.) 
Prostate ' ' "■ Tianges in, 301 

Proteins ■ for quantitative 

bst.) 

serum changes in kala 

HZHy, ijos isi-ls&i./ 

Psychodometer, a simplified, 1238 
Puerperal infection, relationship between exog- 
enous throat streptococci and 104 
(Abst.) 

Pulmonary’ artery in heart disease, embolism 
and thrombosis of large branches of 

20o 

tuberculosis, advanced, liver function in 794 
(Abst.) 

vitamin therapy in, 966 
Punctate stippling as found in lead poisoning 
of wild ducks, a. study of, 514 
Pyogenic bacteria in alimentary tract of sur- 
gical maggots implanted in infected 
wounds, destruction of, 5S1 Q 

<3 

Quantitative determination of chloral hydrate 
in blood and urine, 1332 

P* bile pigments, studies on, 723 
0t ^ide U fn ln 743 ^ >1 ^ e ‘ use ol hydrogen perox- 
Quinidin effects on ambulatory patients with 
auricular fibrillation, a study of. 232 



3374 


SUBJECT IXDEX 


R 


Rabbit ovulation test. Friedman. In differen- 
tial obstetric diagnosis, 1033 
Radiopaque mass. Hill's, for the injection of 
iuniina, a modification of. 1241 
Rnchitogenlc diet, variability in corn com- 
ponent of a. Him 

Rack for Smith fermentation tubes and “U” 
tubes, 573 

Reaction, Diazo, for detection of certain local 
anesthetics in urine and in tissues. 1018 
on a brown skin-adrenalin color, ii.11 
Snchs-lVitebsky. for diagnosis of syphilis. 

value of, DOT (Abst.) 
sedimentation In the newborn. Oil 
Reactions, intracutnneous, induced in guinea 
pips inoculated with B. abortus, ,18!> 
Kolmer. Kahn, and Melnleke. in the tropics, 
780 

Recording system, an automatic-filling' ink. 
and permanent type water manometer, 
1012 

Red Blood cell count and hemoglobin in the 
adolescent male, n study of, 172 
diameters, 333 (B. Rev.) 
cells in man, elliptical, 012 
corpuscles, fragility test of, a dropper for 
performance of, lllliil 
Reflex coslnophilin. 480 

Renal function, fractional plienolsulphonepli- 
tlmieln test in Bright's disease, 331 
(Abst.) 

in persons with one kidney, 32!l (Abst.) 
tests, normal variations in. 1120 (Abst.) 
Respiration of rabbits. Keogh type of spirom- 
eter for studying, a method of damp- 
ing. 1331 

Reticulocytes. 1120 

new method of enumeration, 113 (Abst.) 
production of. erythrocytes and hemoglobin 
in anemia. 007 (Abst.) 

Reticulo-endotliellosis, lcucemla, 12.10 (Abst.) 
Rheumatic carditis, treatment of. with aqueous- 
extracts of streptococci, (lil.1 
disease, blood lipids in children with scarlet 
fever and. 12111 (Abst.) 
fever, intravenous vaccination with strepto- 
cocci, DOS (Abst.) 

Rheumatoid and mixed arthritis, sedimenta- 
tion rate and polymorphonuclear count 
in. 830 

arthritis, 1112 (Abst.) 

conditions, glutathione content of blood in 
chronic arthritis and. 11.11 
Ricinoleate, sodium, 102. 108 

chemotherapeutic studies with. !>72 
Rosenthal. Kolmor-IVassermann. and Kalin 
tests for syphilis, comparison of, 1337 
Rotary inoculating table, a simple. (HIS 

S 

Salivary amylase in patients with pernicious 
anemia, a study of. .101 
Salmonella sulpestifer infection in a child, 
07 S (Abst.) 
in man. 211 (Abst.) 

' * and x-ray on the rate of 
o f thrombophlebltlc 

Sand nitration, an adaptation of. to rapid 
clearing of heavy bacterial culture 
media, 105 

Scarlet fever and rheumatic disease, blood 
lipids in children with, 1210 (Abst.) 
effect of tonsillectomy on the development 
of immunity to, as shown by Dick test, 
210 (Abst.) 

' ■ ' - '”0 (Abst.) 

blood count in tropical 

Schizophrenia, blood sugar in. 702 (Abst.) 
Schultz-Charlton test, 1022 (Abst.) 

Secretary, medical, 110 (B. Rev.) 
Sedimentation rate and polymorphonuclear 
count in rheumatoid and mixed arthri- 
tis, 830 

reaction in the newborn OH 
test jn dermatology, 21.1 (Abst.) 
time of blood, 1010 

Semen, a differential stain that advances the 
study of coll morphology. 1347 (Abst.) 
Serology of syphilis, studies in. (121 


Serum and corpuscles in health and disease, 
partition of potassium between. (133 
blood, light tutoring index of. 701 
tryptophane content of, 1113 
calcium, In normal boys, 440 (Abst.) 
cholesterol In whole blood, plasma and, a 
.simplified niierodetemilnntion of. 883 
protein, determination of, by measurement 
of volume of precipitate. 1320 
diagnostic value of changes in kala azar, 
.1.1S (Abst.) 

in diseases not primarily affecting the 
cardiovascular system or kidnevs. 131S 
(Abst.) 

test for syphilis, choosing, 27.1 
therapy and vaccine, recent advances in. 
13.13 (B. Rev.) 

Sex determination test of Bern anl Shearman, 
1317 (Abst.) 

hormones some pitfalls in the studv of, ,701 

(K) 

Sharpener for microtome knives, a simple 
automatic 100 

Shock, blood concentration incident to. changes 
In. 20.1 

Sickle cell anemia. .707 

with autopsy findings, a fatal case of, 
12(1 

Silicosis, pathology of so-called acute, 13.11 
(Abst.) 

silica content of lungs of a group of tunnel 
workers, 13.71 (Abst.) 

silicon dioxide content of lungs in health and 
disease, 210 (Abst.) 

Silver nitrate reaction and its npnlie-b'lity to 
diagnosis of diseases of liver, 003 
(Abst.) 

Skin, chemistry of. studies of physiologic and 
pathologic. <1.71 

temperature, effect of smoking on, 042 
test, intracutnneous, comparison of relative 
values of. and of pathogen-selective 
culture In selecting bacteria for vac- 
cines from mixed cultures, 430 (Abst.) 
value of. with type-specific capsular poly- 
saccharide In serum treatment of Type 
1 pneumococcus pneumonia, 441 (Abst.) 
tissue, traumatic epithelial cysts of, 12.70 
(Abst.) 

Skin-adrenalin color reaction, on n brown. !••>! 

Smallpox, hemorrhagic, hemolytic streptococci 
isolated from, studies on. 280 

Smith fermentation tubes and “L"’ tubes, spe- 
cial rack for, .7.73 

Smoking, effect of, on skin temperature, 0(12 

Sodium oxalate to normal and tliyroparathy- 
roidectomized cats, a study of blood 
calcium after the administration of. 
142 

ricinoleate, 4(12, 408 

chemotherapeutic studies with. 072 
treatment of irritable colon with, -of 
tnurocholnte and virulence of human tubercle 
bacilli, 1170 

Sorlcln (sodium ricinoleate), chemotherapeutic 
studies with, 072 

Specitlc gravity of blood in human cancer, 083 

Spcctrophotometrlc investigation and determi- 
nation of bilirubin, .103 

Spectroscope, hand, a new microscope adapter 


for . 

SpoziflziUit der serologischen Reaktionen, .ue 
(B. Rev.) , .,,om 

Spinal fluid in meningitis, lactic acid of. -1J 

sugaV determinations in experimental hypo- 
glycemia of dogs, 1010 
M'assermann and Kalin reactions upon, a 
comparison of. In treated and untreated 
cases of paresis. .140 , . , 

Spirocheta pallida, a new method of staining. 

332 (Abst.) . „ 

Spirochetes, oral, and related organism.. 

fusospirochetal disease, 10S (B. Rc\-) 
Spirometer for studying tlie respiration of 

bits, a method of damping the Krogn 

Spleen visuabzation, 4 mechanics of. by mea”S 
of metallic compounds, in particular 

thorium, 511 , 

Sputum examination, pulmonno tubcicuh o- 
witli negative, gastric examination m. 
341 (Abst.) 
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Sputum. ContM , , , 

number of tubercle bucllll in, n teclmlc foi 
estimating, HUS (Abst.) 
tubercle bacilli In. hctivy ,drop method foi 
ilonumstrotlon of, 4*1. i (Abst ) 

Stain differential, that advances study of cell 
morphology, J - 17 (Abst.) 
tissue, hydrolyzed adrenalin as. on inipoi- 
lancc of. 951 , 

Staining of frozen sections, preparation and, 
201 

Stttphvlococcus skin infections, treatment of 
* acute, with bacteriophage. behavior of 
bacteriophage and bacteria in lesion 
after, 1257 , . nil /T ^ V 

Statistical interpretation, hazards of, 0M (i*>) 
Stedman’s medical dictionary, 3028 (R» Hew) 
Sterile maggots for surgical use. effects of low 
temperature retardation In culture of, 
($S3 

Sterility indicators, use of. studies on rubber 

Stomncl . ■ ■ 2nts in. of 

■ , b.iD 

tvashings, phytoplmrmncology of, in various 
digestive disorders and pernicious ane- 
mia, 135 ' 

Streptococci, aqueous extracts of. treatment of 
rheumatic carditis with, <105 
hemolytic, isolated from hemorrhagic small- 
pox, studies on. 2S0 
properties of mastitis, 134" (Abst.) 
significance of, that resemble diphtheroids 
recovered from blood cultures in sub- 
acute bacterial endocarditis, 1304 
Stroke volume of heart, determination of, 0114 
Strychnine, Otto test for. a study of, 40 
Sugar determinations microblood, a simple 
light filter for, 007 

Sulphosullcyltc acid filtrate — sodium tungstate, 
direct nesslerizatlon of, note on the de- 
termination of blood urea by. "S3 
Sulphydryl and cellular multiplication. 0S1 (E) 
Surgery, dog, morphine pentobarbital anesthe- 
sia for, 202 

Surgical maggots in treatment of Infected 
wounds, 339 

pyogenic bacteria in alimentary tract of, 
implanted In infected wounds, destruc- 
tion of, 5S1 

pathology, 110 (B. Rev.) 
tubercu)osis, diagnosis of, 309 
use, sterile maggots for, effects of low tem- 
perature retardation in culture of, OSH 
Sweat glands, benign adenoma of, 3S0 
Swimming pools, disinfection of. some factors 
involved in use of chloramines for, 
1340 (Abst.) 

Synthalin in diabetes mellitus, use of, 100" 
Syphilis, blood cytology in treated and un- 
treated, 1023 (Abst.) 

conjugal, a statistical study, 910 (Abst.) 
diagnosis of, value of Sachs-AVitebsky re- 
action (citochol) for, 907 (Abst.) 
flocculation tests for, 55S (Abst.) 
history and epidemiology of, 447 (B. Rev.) 
origin of, 448 (E) 

reaction, new, M. K. R. II in cerebrospinal 
fluids, 518 

serodiagnosis of, 101 (Abst.) 
serology of, studies in, 021 
serum test for, choosing, 275 
tests for, Kolmer-Wassermann, Kahn, and 
Rosenthal, comparison of, 1337 
transference of inguinal glands in human 
1249 (Abst.) 


Table, dog-operating, 1117 
Temperature retardation, effect of low, in cul- 
ture of sterile maggots for surgical use, 
GS3 

skin, effect of smoking on, 902 
Teratoma, malignant, of testis, metastatic 
tumor of tricuspid valve arising in a 
• case of, 749 

Test, complement fixation, for amebiasis 
further studies on cultivation of Enda- 
meba histolytica and, 493 
flocculation and AVassermann, studv of Eagle 
antigens for, S4 

for syphilis, Kolmer-AVassermann, Kahn, and 
Rosenthal, comparison of, 1337 


Test. ContM 

Erlcdniiin. for pregnancy, observations on 
teclmlc of, 1224 

rabbit ovulation. In differential obstetric 
diagnosis. 1933 , . 

I .singe colloidal gold, modification of, HtDi 
Kchultz-Clinrltoii, 1022 (Abst.) 
urea clearance. In pregnancy, 077 (Abst.) 
AVnssorinnnn and flocculation, study of 
Engle antigens for. SI 

Testis, malignant teratoma of, metastatic 
tumor of tricuspid valve arising In 
case of, "49 

Tetanus antitoxin, development of. following 
administration of tetanus toxoid, 1139 
(Abst.) 

Thorium compound, mechanics of spleen vis- 
ualization of means of, 511 
Thrombophlebltlc edema, effect of salyrgan 
and x-ray on rate of disappearance of, 
213 

Thrombosis, femoral, complicated by, New Jer- 
sey outbreak of trichinosis, with re- 
port 'of a case. 1350 (Abst.) 
of large branches of pulmonary artery In 
heart disease, embolism and, 205 
Thymic hyperplasia, follow-up study of 30 
cases of, 1210 (Abst.) 

Thyroid disease, blood cholesterol In, effect of 
treatment on, 104 (Abst.) 
dysfunction, gastric acidity In. 90S (Abst.) 
Tliyroparathyroldectomlzed cats, a study of 
blood calcium after administration of 
sodium oxalate to normal and, 142 
Tissue, normal and malignant, determination 
of pH of, with glass electrode and 
vacuum tube null Indicator, 1100 
penetration of an antiseptic dye into, of 
genitourinary tract, demonstration of, 
735 

pH of formalin — a factor in fixation. 1024 
(Abst.) 

skin, traumatic epithelial cysts, of, 1250 
(Abst.) 

stain, hydrolyzed adrenalin as, on impor- 
tance of, 954 

Toxemias of pregnancy, 923 
Toxin of bacillus proteus, S70 
Transfusion, blood, velocity factor in. 1200 
Trichiniasis, diagnosis of, use of an lntrader- 
mal test in, 1340 (Abst.) 

Trichinosis, Bachman intradermal test in hu- 
man, 1350 (Abst.) 

New Jersey outbreak of, with report of case 
complicated by femoral thrombosis. 
1350 (Abst.) 

Trichophytin test, report of 350 cases. 213 
(Abst.) 

Tricuspid valve, metastatic tumor of, arising 
In a case of malignant teratoma of 
testis, 749 

Tryptophane content of blood serum, 1113 
Tubercle bacillus, acid-fast form of, gram 
property of, 350 
bacilli, examination for, 883 

experiences gained f — ' r- 

for use in hospital 
of three methods 
429 

in sputum, heavy drop method for demon- 
stration of, 443 (Abst.) 
nutrient quality of eggs for growing, 440 
(Abst.) 

routine culture of urine for, 075 (Abst ) 
virulence of human, sodium taurocholate 

ana. 1179 

Tuberculin, ointment patch test, 113S (Abst ) 
test, value of negative intracutaneous (Man- 
toux) test in adults, 1141 (Abst.) 
Tuberculosis, blood culture in, 1021 (Abst.) 
effect of vaccination with B. C. G. on chil- 
(Abst ', r ° m bubercu lous families, 1347 
etiology of,’ 10S (B. Rev.) 
hematological retrospect 792 (Abst ) 
pulmonary^ advanced, li’ver function in, 794 

COrn ?S!i is< v? o£ b ' oocI sedimentation rate 

?Abst\ erneS Peculation test in, 212 
effect of exercise on leucocyte count in. 


443 (Abst.) uuunt ln - 

gastric examination in. with negative spu- 
tum examination, 441 (Abst.) P 



1376 


SUBJECT INDEX 


Tuberculosis, pulmonary, Cont’d 

question of tubercle bacilli in blood in ad- 
vanced. 102 (Atast.) 
vitamin therapy in, 000 
sanocr.vsin treatment, ill (Abst.) 
surgical, diagnosis of. .'100 
teclinic for estimating number of tubercle 
bacilli in sputum, 32K (Abst.) 
tuberculin patch test in. 100 (Abst.) 

Verncs flocculation test in. 005 (Abst.) 

Tularemia, culture medium for rapid growth 
of P. tulnrensis In, 2H (Abst.) 
treated bv a new speclflc antiserum, 1111 
(Abst.) 

Tumor, carcinoid of gastrointestinal tract, 21S 
(Abst.) 

growtli and "heavy water," 11.10 (Abst.) 
metastatic, of tricuspid valve arising in case 
of malignant teratoma of testis. 710 
multiple, 200 

Tumor-bearing rats, histochemlcal studies of 
organs of, bv microlnclncrntion meth- 
od. 1203 

Typhoid and parntyphold Immunization, ag- 
glutinin content of blood following. 1 13 
(Abst.) 

bacilli, isolation of, from water and sewage, 
•550 (Abst.) 

carriers, serological diagnosis of, 112 (Abst.) 
vaccination, agglutination. H & O following, 
and in an unselocted group of Individ- 
uals, 127 (Abst.) 

Typhoid-like infection associated with an or- 
ganism resembling bacillus proteus 
pseudovaleriae (De Assls), 1001 


V 

Ulcer, peptic, blood lipase In patients with, 
1051 

mechanism of pain In, studies of. 17 
Uncinariasis, acute from massive infestation 
and its Implications. 500 (Abst.) 
Undernutrition, dietary treatment of. 1100 
Undernutrltlon. dietary treatment of. 1100 
1115 (Abst.) 

laboratory diagnosis of, 1020 (13) 

Urea clearance test in pregnancy. 077 (Abst.) 
nitrogen in blood, direct nosslerlzatlon meth- 
od for. where commercial urease Is em- 
ployed. 050 

variations of, total nonprotein nitrogen and 
chloride concentration In blood follow- 
ing glucose ingestion. 171 
Urease, commercial, is employed, direct nes- 
slerizatlon method for urea nitrogen in 
blood where, 050 

Uremia, retention, blood cholesterol In chronic 
nephritis and, 000 (Abst.) 

Uric acid, determinations of, rapid colorimetric 
method for multiple, 050 
in human, bovine, and avian bloods, com- 
parison of methods for determination 
of. S02 

Urinary test as index of absorption of gall- 
bladder dye whop given orailv. 210 
(Abst.) 


Uiine and blood, chloral hydrate in, quantita- 
tive determination of, 1332 
lactose and glucose in. practical method for 
simultaneous demonstration of, 211 
(Abst.) 

local anesthetics In, and in tissues, Dlnzo 
reaction for detection of certain, Jills 
routine culture of, for tubercle bacilli. U75 
(Abst.) 

Vogc bromine tests of, for pregnancy, five 
hundred and nineteen, 155 

Urology, manual of. 335 (11. Rev.) 

V 

Vaccination, effect of. with 15. C. G. on chil- 
dren from tuberculous families, 1347 
(Abst.) 

Vaccine and serum therapy, recent advances 
In, 1353 (B. Rev.) 

Vaccines, comparison of relative values of ln- 
tracutaneous skin test and of patho- 
gen-selective culture in selecting bac- 
teria for, from mixed cultures, 433 
(Abst.) 

Vacuum tube null indicator and glass elec- 
trode, determination of pH of normal 
and malignant tissues with, 1101) 

Vascular response to drainage of ascites, ob- 
servations on, 01S 

Velocity factor in blood transfusion, 120C 

Ventricular lesions, relationship between coro : 

nary blood supply to experimentally 
produced, jind resulting clectrocardio- 
gnphlc alterations, 1010 

Vernes flocculation test in tuberculosis, 005 
(Abst.) > 

Verrucous aortitis with special regard to aneu- 
rysm formation in children. 020 . . 

Vessel, combination condensing and receiving, 
1110 ■ 

Vitamin therapy in pulmonary tubercul. d .• 
000 

Voge bromine tests of urine for pregnancy, 'five 
hundred and nineteen, 155 • {■- ' 


Wassermann and Kalin i dictions upon /.pinal 
fluid in treated and untreated smses of 
paresis, comparison of. 510 •/ 

test, study of Engle antigens for, arid floc- 
culation test, S4 ; 

technic, a recommended. 021 1 

Water and air balance during prolonged in- 
cubation, maintaining, SOP < J - 
White blood cell dilution pipettes, calibration 
of, 05 r Jr , 

Wright’s blood stain, modified ifeinlc for 

■ ■ . ■ bancroftl infection in man 

i, i li ■ .... usual history, tOl 


X 

Xanthine diuretics, comparative ! stmly -of cer- 
tain. 21 S . ■ 

X-ray, effect of salyrgan and. on rate or dis- 
appearance of tliromboplilebitic edema. 
243 




